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By heating heaiote add, Nt0, and K-S,0, at 
W* (Beketoff, A, 109,260).—6. By the action of 
tXXVn benzene in presence of A 1,01, (Friedel, 
Crafts, a. Ador, B. 10,1855). — 7. From benzoic 
acid or benzoates and 3,01. (Carius, A. 306, 
800).—8. By heating benzoic acid with ZnCl, 
and adding benzotrichloride (D. P. J. 230, 157)! 
C.H.CCl, + C^Hj-COJl - 2C„H,.C0C1 + 1ICI. 

I*ropertus .—Colourless pungent oil. Decom¬ 
posed into HC1 and benzoic acid slowly by cold, 
quickly by hot, water. Alcohol reacts vigorously, 
forming benzoic ether and IIOl. Ether and CS, 
dissolve it without decomposition. 

Bcadio/u.—l. Aqueous KOH gives KOBz 
and KC1.—2. Dry Hal) at 150“’ forms Uz,0(Gal, 
A. 128, 127).—3. Dry NH, or ammonium car - 1 
botuitc forms benzatuido; other bases net simi¬ 
larly. —I. ,$folium 1ms no action in the cold, hut- 
in presence of ether at 100°, ‘ dibenzoyl ’ l J10'] 
is slowly formed (Briogel, Bl. f2j 5, 278). 5. 
JltphuU of Copper forms Cu.CI, and benzoic ; 
aldehyde (Chioz/.a, A. 85, 232). -6. KI forms] 
Bzl.—7. HgCy.. forms H/.Cy. 8. lvSCN forms : 
benzonitrile, CO., and CS. (I.impricht, A. 99, ' 
117).—9. Pb(SCN) fonns BzSC.N. 10. KN'CO ! 
forms benzonitrile (SehitT, A. 101, 93) and cya- 
phenine (Cloez, />!. 1859, 100). li. Na()B/. 
gives Bz.O (Gerhard t). • 12. So,Hum formate 
forms CO, NaCl, and benzoic acid.—13. Potas¬ 
sium oxalate fonns Bz,0, KC1, CO, and CO...— 
14. By the dry nitrates of Pb, Ag, Ifg, or Cn, 
it is converted into benzoic anhydride, with 
formation of the chloride of the metal, N\0,, 
ami oxygen (Lnchowicz, B. 18, 2990). 15. 
Cone. H.SO, forms, apparently, Bz.SOJI, which 
on heating becomes benzene-sulphonic acid 
(Oppenheim, f2’ 7. 21). -10. PCI., at 200° 
gives CJ1..CC1,, C fc U t Cl.CCl a , 0,11,01,.CC1, and 
at a higher temperature CC1, and chlorinated 
benzenes (Sehisehkolt a. Hosing, J. 1858. 27’.); 
Limpricht, A. 134, 55; Claus a. lloch, B. 19, 
1194).—17. KlIS forms BzSlL—18. BaO, gives 
Bz 2 0.m—19. S •ilium nmaljnm in acid solution 
forms benzoic aldehyde and benzyl alcohol 
(Lippmann, A. 137, 252).—20. JvNlJ, forms 
benzamido and dibonzamide (Bauim rt a. Dan- 
dolt, .1. Ill, 1).—21. Succinic ether at 200° 
gives succinic anhydride, EtOBz, and EtCl 
(Kraut, A. 137, 254). 

Combination. —TiCl,BzCl. [65°]. Yellow 
Crystals (Bertrand, Bl. [2] 34, 631). 

BENZOYL CHL0R0-T0LUIDE r. Cm/mo. 

TOLCIDINF.. 

BENZOYL-CHOLIC ACID v. Cholic acio. 


'■ A«Cl in th« «oU, nnd than dijtiBIng tht ubtfon. 
The iwnitroso-scetoplimono need not be rep*. 
: rstoly prepared, bat amyl nitrite (1 mol.) ean 
'mellowed to drop slowly into a warm mixture 
of acetophenone (1 mol.) and acetyl chloride 
(3 mols.), and the product distilled; yield: 65- 
70 p.o. of the theoretical (( bust'll n. Manosse, 
P.* 20. 2196). Pungent crystalline mass. De* 
etunposed slowly by water, more readily by 
KOllAq into H()Bz and HON. Fuming HOI 
forms 0 1 ,U J .CO.CO.NH ll whence phenyl-glyoxylia 
acid. Zinc and JICI reduce it to benzoio alde¬ 
hyde. NII, gives bonzamitle and Ni!,CN, 
Aniline gives benzanilide. PCI, appears to 
form C,H..CC!,.CN (221°) (Clabvn, B. 12, 620). 
ZnKt., diluted with other forms 3 p.c. of 
• benzeyanidino ’ C s ,H l9 NOj, (121 1, needles 
(from alcohol); another product (200°-220 o ), 
either contains phenyl othyl ketone or yields 
that body on oxidation (Frankland ft. Louis, 
C. J. 37, 742). 

BENZOYL CYANIDINE v. Benzoyl cyan- 
i me. 

BENZOYL CYANURATE v. Cyaxhiuo acid. 
BENZOYL - CYMENE - SULPHAMIDE v, 

Cy.MKNK SUI.I’lloNlO ACII). 

BENZOYL-CYMENOL v. Cymiinol. 

BENZOYL CYMIDIDE v. Cymidink. 
BENZOYL DE50XALIC ACID v. Dksoxalio 

ACID. 

BENZ0YL-IS0DURENE v. Phenyl tetra- 

MKTHYIj- l’HKNVI. Kl TtiNi:. 

o-TRI - BENZ0YLENE - BENZENE C^n^O, 

i.c. C„(C (1 lI[ahovo 36D"j. Formed to¬ 
gether wilh nu'thyleno - phtlmlyl by heating 
phthplic ubvdridu with rnalmiic elhe. and 
sodium acetate, m by the action of if,SO t oii 
phthnlyi-ao tie acid (Gabriel a. Michael, B. 10, 
1557; 11^ U)07, 1679; 11,925). Yellow erys- 
tals. SoiT. jlo in nitrobenzene, nearly insoluble 
in other solvents. Potash-fusion converts it 
! into phenenyl-tri-benzoic acid O u il ( (C,If,00.11), 
:i26i-‘j. 

DI - BENZOYL - ETHANE v. I)i - imiunyl- 
| ETIrYLF.NK-l*r-KETONE. 

| BENZOYL-ETHYL-ACETIC ACID v. Hem- 

! ZoYL ACETIC ACIO. 

BENZOYL - ETHYL - ANILINE v. Ethyl- 

ANILINE. 

BENZOYL - ETHYL - BENZENE v. Pijk.vyl 

ETHYL-I’llENVL KE'o.NK. 

BENZOYL-ETHYL-o CARBOXYLIC ACID v. 

Phenyl ethyl ketone o-« uukkxyj.h: acid. 

BENZOYL-FORMIC ACID v. Phenyl «Lf. 


BESZ0YL-CR0T0NIC ACID C„H 1( ,0 4 i.c. 
O^.CO.ClCH hCH.CO^. [113°]. Long pointed 
crystals. Prepared by the action of A1 V CI„ on a 
mixture of benzene and citraconic anhydride. 
By alkalis it is resolved into phei#! ethyl ketone 
and glyoxylic acid (Pechmann, B. 15, .891)*' 
BENZOYL-CU MIDIC ACID v. Pjikny*-xyi.yl- 

KZTOKB DI-CARBOXTLIG acid. 

BENZOYL CUMIDINE v. Cumimnr. 
BENZOYL-CYANACETIC ETHER v. CrANo- 

BENZOYL- ACETIC ETHER. 

BENZOYL CYANIDE C 4 H 4 .C0.CN. f33°J. 
1208°). Formed by distilling BzCl with HgCy 2 or 
AgCy (Liebig a. Wflhler, A. 3, 267 ; H. Strecker, 
4*90, 62 ; Hiibner &. Buchka, B. 10,480; Kolbe, 
A. 00, 68; 98, 847). Formed also by mixing 
iMfiAtroio-acekiphsnoiM C ( H l .CO.CH;NOLl with 


OXYMC ACID. 

BENZOYL FLUCRIDE C H..CO.F. (162 5 ). 
From Hia-', and BzCl (Umodin, A. 126, 60). 
Pungent liquid ; att:o ks glass. Decoinpoaod by 
water into HF and HOlte. 

DI-BENZOYL-FUMARrC ETHER 
CO x Et.CBz:CI»z.CU v Kt. Fonm d by the action 
of iodine dissolved in etiier upon the di¬ 
sodium compound of di - benzoyl • succinate, 
CO.^Et.CBzNa.CBzNa.COJCt (Perkin, C. J. 47, 
262). 

BENZ0YL-0ALLIC ACID v. Oallio acid. 
BENZ0YL-0LYC0C0LL v. Hiipcwc acid. 
BENZ0YL-OLYC0LLIC ACID v. Glycollio 
acid. 

a - BENZOYL -180 - HEX0IC ACID v. U+ 

butyl-titSZQXL- ACETIC ACID. 



480 BENZOYL 

BENZOYL HYDRIDE ». Bmzoio hd*hti> 1. 
DI-BBNZOYL-IHIDE v. p. 175. 

. DI-BENZOYL-INDIGO v. Indigo. 

BENZOYL IODANILINE v. Iodo-anilinb 
BENZOYL IODIDE 0„H 5 .C0.I. Easily-fusi* 
bVn crystalline mass obtained by heating BzCl 
with KI (Liebig a. Wohler, A. 8, 2l!U). 

BENZOYL-IBATIN v. lairra. * 

BENZOYL-ISETHIONIC ACID r. Isktiiioxio 
aero. 

BENZOYL-LACTIC ACID v. Lactic acid. 

BENZOYL-LEUdlNE v. Leucine. 

TRI-BENZOYL-MELAMINE v. Mklaminb. 

BENZOYL-TRIMELLITIC ACID. Benzo- 
phmone tricarfoxytic acid C |(1 lI lo O f i.e. 
C l) H i .CO.C a H,(COJl), 1 [5:1:2:4]. From phenyl 
if-cumyl ketone by oxidation with dilute UNO, 
or KMnO, (Fibs, J. pr. 12] 35, 494). Salts.~ 
liallA"'. 

BENZOYL-MESIDIDE v. Mksiwxk. 

BENZOYL-MESITYLENE v. Phenyl tri- 

M KTIIV I. - I’lIKN Y h K KTi »N K. 

Dibenzoyl-mositylene v. l)i - I'iienyl lur- 
>r i:tiiyl-tiikn v u:\k in kkiosk. 

Tri-benzoyl-mositylene C 30 iI.,O s i.e. 
(C„II v CO) ) C 11 Mo J . Tri-phenyl tri-mcthyl-phe - 
nnii/l tri-kchne. [210 J J. Formed by heating 
benzoyl incsilyloiie or di • benzoyl-meBitylene 
with H/.Ol and Al..CI„ at Crystals (from . 

alcohol), v. hI. sol. rolii alcohol, v. sol. a mixture | 
of chloroform and acetone. When BzOl ueU 
on meBitylene in presence of ALC1„ helow 118 * j 
only bcnzoyl-mcsitylcno is formed; at 150° di- j 
benzoyl-inesityleno ia the chief product (Louiao, 
V. n. UK, 1440; A. Oh. [G] G, 237). 

o-BENZOYL MF.8ITYLENIC ACID C.,,11,,0, 
i.e. C,H v ( , .O.C, l lI. J Mo s CO()lI. Vhnujl xylyl In', 
tone carboxylic acid. [IHiV ]. Prepared in tho 
name way as the «- acid (r. infra) (Louise, Bl. 
|2) 44, 418). Colourless crystals, 4ftsol. cold 
water, hI. boI. boiling water, sol, C1IC1,, acetore, 
Other, and benzene. Its salts do not crystallise 
well.- AgA\ (hiA',. 


DI^.BEnaOYL.DMttTHYL-MALOUC 
ACID (C a H 4 .C0.CH 4 ) 1 0(00JH) # . Di-phsnaeyl. 
malonic acid. [184®]. Formed by saponifi. 
cation of its ether, which is obtained by the action 
of w-bromo-aceto-phenone upon sodio-raalonio 
ether. Large colourless prisms. V. sol. alcohol, 
ether, and acetio acid, si. sol. water, insol. 
benzene and ligroln. Reacts with phenyl-hydra* 
zinc. Evolves C0 2 on heating, giving di-benzoyl- 
isobutyric acid.—* A"K 2 : white needles or plates, 
v. sol. water.—*A"Ag 2 : nearly insol. white pp. 

Di-ethyl ether A"Et 2 : [119°J; large white 
glistening prisms or long flat needles; v. sol. 
water, benzene, acetic acid, and CS 2 , less in 
alcohol, insol. ligroin. Reacts with phenyl- 
hydrazine but not with hydroxylamine (Kues a. 
Paal, B. 19, 3141). 

BENZOYL-METHYL-p-NITRANILINE v. p. 

NlTRO-imKNYI.-W-AMIDO-ACETOPHENO.VE. 

BENZOYL - METHYL * PHENYL - NITROS . 
AMINE V. PirKNYL-AAtino-ACKToniKNONK. 

BENZOYL-NAPHTIJALIDE v. Naphthyl- 

ami NK. 

I BENZOYL - NAPHTHYLAMINE - IMIDE * 
j CHLORIDE v. w-Chloro-benzyi.idine-naphthyl* 

I AMINE. 

BENZOYLNAPHTHYL-THIO-UREAilNaph- 

THYL-THIO-UHRA. 

BENZOYL-NITRANILIDE V. Nituo-aniline. 
BENZOYL-NITRITE BzNO.. (?). An oil 
formed together with m-nitro-henzoic aldehyde 
by the action of 20 vols. of a mixture of 11NO, 
(1 void and H a SO, (2 vols.) upon 1 vol. of ben¬ 
zoic aldehyde (Lippmann a. Ifawliczek, B. 9, 
1403). It is decomposed by distillation. 

BENZOYL-N1TR0-AMID0-DIPHENYL v. 

N IT no -AM I DO • DIl’HK N VI.. 

BENZOYL - NITRO - AMIDO - PHENOL v. 

I NITllO-AMIDO-rIIKNOI.. 

i BENZOYL NITRO-ANISIDINE v. Nirao. 

. AMIDO-IMIKNul. 

BENZOYL NITRO-CUMIDINE v. Nitro - 

! CD MIDINK. 


p-Bonroyl-mo«iiylenic acid C lh II,,0,. [1G0-). 
Freparod by oxidising phenyl tri-methyl-phenyl 
ketone (benzoyl.nusit\lenc) (Louise, IU.['2\ 41, 
418; A. Oh. |G| G, 218). Nacreous scales, very 
tol. ether, CI1CI,, acetone, Ac., sol. boiling water. 

Suits. A'NH,: small brilliant crystals. — 
A'Ag: white pp. sol. boiling water. A'.,Ibi 2a<i: 
long needle:'. A'.(’a: long white lihuiients.— 
A' a Mg Gaij; crystals, sol. hot water.—wr.V... 

BKNZOYL-METHANE r. Acetophenone. 

Di-benaoylmethane v . Di-phenyl mkvhyi.knk 
piketone. • • 

Tri-bemoyl-methftue (CJl v CO),OH. Af,i- 
th'nyl tri-phenyl tri-ketone j22;V’j. Formed by 
the action of l>« nzoyl-chloride on «odi>> di-hen- 
Koyl-inetliane (Uaoyer w. Perkin, B. 1G, 2135; 
C. J . 47, 210). Small needles. Sublimable. 
V. si. sol. alcohol, v. sol. dilute alcoholic KOII. 
Converted by NuOKt and It/,Cl into a substance 
[200 J -270 ’]. 


BENZOYL - NITRO - NAPHTHALIDE v. 

N ituo-n Arm u ylamink. 

BENZOYL-NITRO - DIPHENYLAMIDE v. 

NiTIUI-DIPHPXYIjAMINE, 

BENZOYL-NITRO TOLUENE 8ULPHAMIDE 

V. NtTRO.TOl.nKXK «ri.PHONIC ACID. 

BENZOYL-NITRO-TOLUIDE r. Nitro-tolu- 

1DINH. 

BENZOYL PEROXIDE C„1I 1B 0, U. Bz a O r 

(10l v ’. RzCl i* mixed with hydrated BaO* and 
the resulting solid cake washed with water and 
Nn..ro Jt and crystallised from CS, (Urodie, Pr. 
j : | ,il • l-i I Spoi lich a. Lippmann, Sits. 
! B. G2, GI3). Trimotno crystal-, insol. water, ▼. 
* Si, h ctlier and beuzi.'iie. Decomposed by heat, 
: giving oil COg with slight explosion. Boiling 
, h()T%\ii forms 0 and KOBz. Benzoyl peroxide 
acts as 4Ui oxidising agent, splitting up into 
B/..0 r.nd O: thus it oxidises _p-toluidine to 
; toluene azo-tolu.•no. 


BENZOYL-METHYLAMINE t. MKrnvi.- 1 BENZOYL-PHENOL CJI k .OBz o. Phenol- 
a»ink. : C,H,.CO.C.H,OH r. Oxt-benzophexon* * 

BENZOYL METHYL-ANILINE v. Metiivl- BENZOYL-PHENOL 8DLPH0NXC ACID o 
AKILtNE. i PnEXOL 9ttI.rH.WIC .cm. 

BENZOYL ■ DIXSTHY X, ANILINE r. Di- BENZOYL-PHENYL-AHINE 
N>THvt.-AMiixt-BRNzoriUENoNK. j C.H.-CO.C.H.NH,. Bentanilido (18 o) Hzn 

BENZOYL-TBIMETHYLENE c. PatNTl tm- (Hr.). »nd ZnCl, Rire the p-heoiojl denvati,. 
BiTuu.r.'.t ttivsi. , (.100"}, together with » little ot the o-heojojl- 
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PEEEACE 


CwEKTSr-FiVE years have passed since the publication of the first edition of Waffs' 
Dictionary of Ohemistry began, and it is now seven years since the second part of 
he last supplement was published. 

Some time before his death, Mb. Watts had agreed to prepare a new edition of 
lis Dictionafy, which should give as complete an account of the present state of the 
icienoe as might be found compatible with the appearance of the book in four 
relumes of about 750 pages each. Mu. Watts had prepared Instructions to Con¬ 
tributors, and had written sixty-three pages for the new edition, when his death— 
which all chefhists so deeply lamented—stopped the work. It has fallen to us to 
take up the task dropped from worthier hands, and to endeavour to bring.it to 
a satisfactory conclusion. 

Mb. Watts' MS. is printed very much as he left it, subject only to some 
necessary condensation. In preparing a new edition we have found it necessary to 
rewrite the whole book. Our instructions were that we should give as complete and 
satisfactory«n account of tlig present state of chemical science as we could, con¬ 
sistently with the size to which we were required to confine the book. We have 
been obliged, therefore, to adopt a very condensed style; the descriptions of in¬ 
dividual bodies ar^ given in few words, abbreviations are freely used, and formula 
are frequently employed instead of names in order to save space. 

The original edition was called ‘A Dictions^ uJjChemistry and the Allied' 
Branches of other Spences; ’ the new edition deals with chemistry only. Consider¬ 
able space was devoted in the original work to processes of chemical technology, 
the new edition give3 no special information with regard to these matters. Tech¬ 
nical chemistry will be treated in a companion volume to be published under the 
editorship of Professor Thorpe. The great importance of tho application of physical 
methods to chemical questions has made it necessary to consider these methods and 
the results gained by applying them. ■ Hence in our enumerating of the properties 
of each element and compound we have included those physical constants which ar® • 
of vooA ^importance to the chemist; and we also intend to describe the reading 
physical methods of investigation employed in chemistry, and to give a short 
account of the chief results obtained, in an article entitled Physical Methodised t» 
Cheml/try ? This article will bo divided into sectiAis, each of whiph will be wfitted 
by Especially qualified author. , 

After much consideration, it was decided to omit aetalfs regarding analytical 
(brooesseSu In certain case®, e.g. Arsenic methods of detection are gi^ln rather 



w PREFACE. 

folly. But the ibw edition is not intended for the ufe of the analyst in the labora¬ 
tory. A sketch of the pfinciples of analytical chemistry, and somJhiccount of the 
chief classes of analytical methods, are g^ran in the article Analysis. We have 
been especially anxious to arrange the matter*in a methoffical manned, so as to 
make the task'of finding, the chief facts about anjt specified body^is little laboribus 
as possible. Cross-references are freely used. 

As mere descriptions of ^individual bodies in strictly alphabetical order oannot 
BKfiw’o to give a fair notion of the present position of chemistry, we have supple¬ 
mented toso descriptions by short general articles on cfasses of elements and 
compounds, e.g. Alkali Metals, Carbon Group of Elements, Oxides, Hydroxides, 
Hydrates, and Amines. We have also devoted considerable space to articles on 
important theories, hypotheses, and principles. Some of these articles may be found 
to overlap, e.g., Chemical Change and Equilibrium, Chemical; but the great im¬ 
portance of the subjects treated in such articles is, in our opinion, sufficient warrant 
for devoting much space to their consideration, and for inviting different authors to 
treat parts of the same subject from different points of view. 

One of the editors is responsible for the inorganic and general, and the othet 
for the organic, chemistry in this work. This division was absolutely necessary if 
the book was to appear in a reasonable time; and moreover the nature and arrange¬ 
ment of a Dictionary enables various writers to co-operate in its production without 
material injury to the unity of the work. 

We have been fortunate in securing the help of many contributors—English, 
American, and Foreign—whose work and position enable them to speak with 
authority on the subjects of which they treat. 

We have had the advantage of the advice and assistance of Prof* G. Carey 
Foster, f.b.s., and Dr. W. J. Russell, f.r.s. To these gentlemen, and to all our 
contributors and abstractors, we return our sincere thanks. 

Each editor contributes an introduction to his special part. # It is hoped that 
the reader will not pass over these introductions, as they give the necessary 
explanations of the plan onSriiKlfctke book has been written. The table of abbre¬ 
viations used is also important. 

H. Forsteb Mobley. 

M. M. Pattison Mora. 

March, 1888. 



INTRODUCTION 


TO THE PORTION OF THE BOOK DEALING WITH INORGANIC CHEMISTRY. 

• 

Each element is described in its alphabetical position. The account of the element is 
jllowed b,y accounts of its binary compounds and those compounds which may be called 
ouble binary, in alphabetical order; e.g. bromides, chlorides, chloriodides, sulphochlorides, 
x.\ but cyanides are placed together in one article. There ore also short articles on 
(romides, Chlorides, Oxides, &c. ; and an article is devoted to each class of elements, e.g, 
ilkali metals, Carbon group of elements, Ac. Ammonium is treated as an element 
o far as tho description of the Ammonium compounds is concerned. Each group of salts, with 
he exception of those mentioned above, is described under one heading; c.g. all carbonates 
jOdescribod lender the heading Jariionates, all nitrates under the heading Nitrates, and 
o on. The salts of any specified metal are not as a rule enumerated in tho article devoted to 
he metal; but in a section of this article is given a short account of tho salts of the metal 
ionsidored as a class. When some salts belonging to one class are marked off from the 
ithers member of th^class, a short article is devoted to a description of these salts as a 
vhole, &c.; thus there is an article on Alums, and each alum is described in the article 
Sulphates. 

The nomenclature adopted is generally that used in th8 Journal of the Chemical 
Society, but it has not Been thought expedient to attempt great strictness in this ftejr art- 
nent. Structural formulas are seldom used for inorganic compounds. 

The term molecular weight is generally used only of those elements and compounds 
which have been gasified, and the specific gravities of which in the gaseous state have 
been determined. 

o The term valency is only applied to atoms, and is used to denote the iaaximum 
number of atoms of hydrogen, fluorine, chlorine, bromine, or iodino with which one atom 
of a specified element is known to combine to form a gaseous moleculo. 

The symbol Aq is employed to denote an indefinite quantity of water; whe%Aq is 
added to thy symbol of an element or compound it means an aqueous solution of thiJmody. 

The following gentlemen have keen so good as to prepare abstracts of the papers 
dealing with inorganic chemistry which have appeared in tho various journals ^ irge the 
publication of the last supplement to tho first edition of this Dictionary^lessrs. Cosmo 
I. Burton. William Burton, G. J. Hill, H. A. Lawrance, Chas. Slatef, and Alfred E, 
Tuttoi^, lam much indebted to these gentlemen, and also to Mife Ida Freund, Lecturer 
to Chemistry at Newnham College,* (Janf] ridge, jvho prepared % translation of Prof 
Oil Wald's article on Affinity, and I beg to tender them my best thanks. 


M..M. Pattiso*. Muir. 



INTRODUCTION 


TO THE ARTICLES RELATING TO ORGANIC CHEMISTRY. 

Organic chemistry probably includes a greater number of observed phenomena than 
any other soience; it ie, clearly, not possible to arrange the description of these in such a 
way that any one, ignorant of the method of arrangement, could readily obtain the infor¬ 
mation he required. The reader is therefore requested to look through this introduction c 
before referring to any of the organic articles. 

The general idea is to devote a separate article to each compound and to arrange these 
articles in strictly alphabetical order; exceptions are made in the salts of acids and of bases, 
the ethers, chlorides, amides, anilides, and anhydrides of acids, the acetyl and benzoyl deri-^ 
vatives of compounds containing hydroxyl (OH), amidogen' (NIL,), or imidogen (I?H), 
the alkyl derivatives (ethers) of compounds containing hydroxyl,'and the oxims and 
hydrazides of ketones and aldehydes; all these are described in the same article as the 
parent substance. 

The headings of separate articles are in thick BLACK CAPITALS, the salts areja, spaced 
type, the alkyl and alkoyl derivatives are in tpaced italics; derivatives of derivatives 
are in spaced type. Subsidiary articles are in blaok type. In describing a compound 
the physical constants (e.g. melting-point, boiling-point, solubility, refractive index) are 
first given, then follow the modes of formation and preparation of the body, then such pro¬ 
perties as cannot be expressed numerically, and finally a list of the chief reactions in which 
it plays a part. Inasmuch as organic substances aro chiefly characterised bty their melting 
or boiling points, it has been thought desirable to give these immediately after the name 
and formula of each compound, so that they may be most readily found. The melting- 
points are inclosed in square brackets, the boiling-points in round brackets. The modes 
by which salts, ethers, acid chlorides, and amides are formed from die parent acid are only 
givfn in particular cases Oj^when the method used is not general; a similar remark applies 
to the acetyl- and benzoyl-derivatives of compounds containing hydroxyl or amidogen, and 
to the oxime and hydrazides of ketones and aldehydes. Information on the preparation 
and properties of such derivatives will be found in general articles. 

Nomenclature. 

Constitutional names are usually employed, except when the constitution of a body is 
doubtfo|; cross-references will be found under the trivial names. Many trivial names that 
have been almost universally adopted are nevertheless retained, e.g. aniline, aspartic acid, 
cinnamic acid, pyrocatechin, hydroquinone, resorcin. 

The names of hydrocarbons usually end in ene or ane, of phenols in oZ, of ^ases in ine, 
and Jf indifferent bodies in in. . 

In naming several substituting alkyls, that with less carbon comes first, ana ♦hen there 
It an equal number of carbon atoms the unsaturated alkyl^omes before the saturated: 
e.g.lffbtifyl-ethyl-suceinicacid; phenyl-naphthyl-amine; allyl-propyl-malonioacid. Radicles 
containing a Sjlqsed ring, howei&r, precede fatty radicles, unless there is great danger of 
ambiguity; in the latter case cross-references will be given. * 

Ethers, acetyl an^ benzoyl derivatives h£lyoxylie compounds are placed uSder tfce 
parent substance. Thus anisole and 4 phenyl acetate are described under‘ Phenol,' as its 
methyl father and acetyl derivative respectively. So also methoxy-benzaldehydejq 
describe^jmder ‘ Oxy-benzoio aldehyde ’ qg its methyl derivative. m ” 



tetra-aXkylated ammonium to^aU^.i^hs^£liy Scribedunde^the tertiary amine • 
from which theygare derived. phfi^tri-inethyl-snawn^in iodide i*de«cribedund«r 

‘ di-methyl-anilinb 1 os its methyli^iodidp. - • 

Acetyl ant bmzoyl dermatitis, ofj&ntines' are described under the amines to which 
they bejpngj thus acetamide is described under‘ Aniliift ’ as its acetyl derivative. Deriva* 
rive* of aniline, methylainine, &c., containing other alkoyls ar# usually described as the 
anilide, methylamidf, Ac., of the acid from which they are derived; thus C 8 H 4 .SO a .NEtH 
is described as the ethylamide of 1 Benzene sulphonio acid.' 

Sulphonio and carboxylic acids (whenever they are so named) are represented as 
derivatives of the hydrocarbon, not of the radicle, thus C 2 H 2 (CO.jH) ( is called ethane tetra» 
carboxylic aoid, not acetyfcne tetra-carboxylic acid; and C 3 H 4 (SO s H) a is called ethane 
di-sulphonic acid, not ethylene di-sulphonic acid. 

When a compound contains several substituents they are named in the following order: 
Chloro-, Bromo-, Iodo-, Cyano-, Nitro-, Oxy-, Aniido-, Sulpho-, Carboxy-. In choosing 
the naming group (i.e. the group that is not to be represented as a substituent, but in the 
termination of the name) the following is the order of preference: CO a H, SO s H, CHO, SH, OH 
and NH a . Amidogen has precedence over hydroxyl in fatty compounds, but the reverse 
is the case with aromatic compounds; thus we say oxy-propyl-amine, but amido-phenoh 

Examples: chloro-bromo-phenol, not bromo-chloro-phenol; cliloro-nitro-oxy-benzoio 
acid, not nitro-chloro-oxy-benzoio acid, nor nitro-oxy-chloro-benzoio acid, nor oxy-chloro- 
nitro-benzoic acid, nor dxy-nitro-chloro-benzoic acid, nor chloro-oxy-nitro-benzoio aoid; 
sulpho-benzoic acid,.not corboxy-benzeno sulphonic acid; amido-phenyl mercaptan, 
not sulphydro-j)hienyl-wnine, nor sulphydro-aniline. 

:;V' 

' - Prefixes indicating position. 

Tjj^ hitters *>,.«, y, &c., are employed to denote the position of Bubstituents in 
ah open chain of carbon atoms. If the substituent is attached to the terminal carbon atom 
it is preceded by m, while a, f3, y, indicate its attachment to the first, second, or third, 
atom of carbon reckoned along the chain from the terminal atom. , There are at least two 
ends to an open chain; the end to be reckoned terminal is determined by the nature of the 
compound : in monobasic acids it is the carboxyl, in alcohols the group CH,OH, and in 
general the group represented in the termination of the name. Thus CIijCl.CHI.CHBr.CO a H 
is called y-chloro-a-bromo-ri-iodo-butyrie acid. •, 

When a, ft, y, Ac., are used in any other sense than that just explained, they are inclosed 
between brackets; e.g. (pi)-naphtliol. 

Exo- indicates substitution in an open chain, Eeo- denotes substitution in a ring; these 
prefixes are used when the exact position of the substitijgnt ia^unknown. The prefixes o-, 
j/t-, p-, (ortho, meta, para ) indicate isomerism of the di- derrimtives of benzene (v. p. 454); 
s- and u- ore employed as contractions for symmetrical and nnsymmetrical. Tins s-di- 
phenyl-ethane is C 0 Hj.CH, r CII a .C e Hj while tt-di-phenyl-ethane is (C 8 H 4 ) a CH.CH a . 

In derivatives of quinoline ( B .) signifies the benzene ring and (Py.) the pyridine ring. 
In anthracene, acridines, and azines (11.) signifies the benzene rings, (A.) denotes the 
central ring. 

„ ‘ Alphabetical Order. 

In determining the alphabetical order, the following prefixes are discarded: mono-, 
di; tri; tetra-, pent a-, hexa-, hepta-, octo-, &c., per-, ortho-, meta-, paip-, poly-, exo-, etO; 
prim-, iecf, tert-, iso-, pseudo-, alio-, a-, fi-, y-, w-, n-, o-, mpp-, t-, c -,<•, (B-), 

{Py-), (A.)j and all numbers. Of course when the entire name is numeral, e.g. hexAecane, 
hexane,fee., this rule does not hold. Thus di-bromo-benzene is in the same article as 
bromo-benzene; paraldehyde is associated with aldehyde, isobutyric acid with n-butyrio 
acid, Ac. The prefixes pyxo- and proto- do not belong to this class. 

The presence or absence of hyphens between part# of a name in^uf way affects it* 
alphabetical position; thus ‘ Benyylidene 'precedes 1 Benzyl iodid*.' 

Urinal®. * 

Formula, to save space, are written as much as possible in one lint. A por- 
HOd of a^formul* inclosed In brackets is usually supposed to represent a group 



intboduothm. 

of atoms more intimately connected with the groups represented by the preceding 
symbols, which are not in brackets, than with those following, e.g. CHjjXIO a H),CH s .GO a H 
is succinio acid. When nu&bers within square brackets follow a formula they refer to the sub. 
Stituenistakeninthe order in which they occur injh^formufit: thus C 9 H 3 Br(N Q,) (CO,H) [1:2:0J 
is used as an abbreviation for G,H(Pr(NO,)(CO a H)[Br:NO a :CO a Hfr 1:2:6]. Th^jitem here 
adopted differs, therefore- from that sometimes employed, according to which tBe above ' 
symbol would mean O d H s Br(NO a ) (CO.jH)[CO a H:Br:N<J a = 1:2:6]. Constitutional formula are 
looked upon by the majority of chemists as nothing more than a short way of indicating 
which atoms in a molecule are directly combined, and which are only indirectly combined 
with one another. The followers of Van't Hoff and Wislicenus, however, suppose that con¬ 
stitutional formulae can be constructed in the form of solid figures which give some notion of 
the actual relative positions of the atoms in a molecule. All agree that it is by the use of con¬ 
stitutional formulae that the remarkable development of organic chemistry has been made, 
and that they cannot be abandoned until something better can be found to take their place. 

It is not possible to find space for discussing the reasons which have led to the 
adoption of each constitutional formula; where these reasons are not given, a careful 
consideration of the methods of formation and the reactions of the compound will probably 
reveal them. 

Special Articles. 

In a fow articles a number of compounds are grouped togother, in violation of the 
foregoing rules. The longest of these aro the articles on 1 azo- ’ compounds. Other st\ch 
articles are on the ammonia derivatives of ‘ Benzoic aldohyde,’ on ‘ Benzil,’ on the organio 
derivatives of ‘ Antimony,' ‘ Arsenic,' and 1 Bismuth,' on ‘ Camphor ’ and on ‘ Cellulose.' 
The following general articles, amongst others, will also be found in this volume: ‘ Acids,' 

‘ Alcohols,’ ‘ Aldehydes,’ 1 Alkaloids,' action of ‘ Aluminium chloride,' ‘ Amides,’ ‘ Amido- 
Acids,' 'Amines,' ‘Analysis,’ ‘Anhydrides,’ ‘Aromatic Series’ (see also ‘Benzene'), ‘Azo- 
colouring matters,' ‘ Diazo- compounds,’ and ‘Bromo- compounds.’ 

Contracted Expressions. 

Since the date to which Watts had bn tight tho record of chemical discovery, the 
number-of organic compounds known has doubled, nevertheless the space allotted to them 
in the present dictionary is little more than a quarter of Aat devoted to organic chemistry 
in the original dictionary and its supplements. It is evident that there must be oxtreme 
compression, and this compels the free use of abbreviated expressions; it is hoped, however, 
that a reader who has once made himself acqnuinted with the nature of these abbreviations 
will find that they are very convenient. In the first place, the syn&ols of a fow common 
reagdhts are used in the tq$t witji purely qualitative meaning, although when connected 
in an equation they are use* in the ordinary sense. The great savjng of space (about 200 
pages) hag compelled the use of this convention, which would he reprehensible under any 
other circumstances. The use of the contractions ‘ v. si. sol.;’ ‘ si. sol.,’ ‘ m. sol.,’ ‘ v. sol.,' 
‘v. e. sol.,’ and ‘sol.,’ for ‘very slightly soluble in,’ ‘slightly soluble in,' ‘moderately 
aolnble in,' ‘ very soluble in,’ ‘ very easily soluble in,’ and ‘ soluble in,' enables solubilities 
to be given in th% case of many hundred compounds where spaco would otherwise have 
compelled their omission. Of course these terms ore vague; whero numerical data have 
been determined, they are usually given in tho dictionary, preceded by the letter S. Par¬ 
ticular attention should be paid to tho exact meaning of these numbers; they denote the 
pmnber of grammes of ajiquid or solid dissolved by a hundred grammes of the qplvent, but 
the rulnber of volumes of a gas dissolved by one volume of the solvent. SolufcI|> used as 
an adjective) the menstruum not being named, means soluble in water. 

Constants. 

Numerical fco^stants are not ^iven in the form a + it + ct’, Ac., since suA expressions 
not only take up a great deal of room, but are usually worthless, because slight erfprs of 
experiment predifte an enormous effect^uponlift roitetants b, c, &e.; in such cases one of 
two actual observations, of a kind likely to be useful in identifying the substance, have 
usually bten selected. 
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It it unfortunate that there is a want of uniformity among authors in the method of 
recording phyraal constants. (Specific gravibiet are given by most authors without any 
mention of the temperature of tie water that is taken as stan&rd. Some take water at 0°. 
some at 4 s , qpd others compare the suljyt^ice with water at the same temperatufh as itself. 
Takin^tijp specific gravity of water at 4° as unity, th%t at 21° will be '998; that is to say, 
for a Substance whose specifio gravity is about 1 we may make an error ot '002 by assuming 
mat the author used water at 4° as*a standard, whereas he really used water at 21°. Under 
such circumstances it would be preposterous to give four places of decimals, and such 
indefinite specifio gravities have been cut down to three decimal places, and even thon the 
last figure is somewhat doubtful. 

Heate of formationmxo usually calculated on the assumption that the heat of formation 
of 44 g. of carbonio acid is 90,900, and that of 18 grms. of wator is 08,800; Stohmann, 
Eodatz, and Herzberg, however, uso 94,000 and 09,000 respectively, hence their heats of 
formation are not directly comparable with those of other observers. 


Molecular refraction is the value of the expression M 



where M is the mole 


cular weight, p the index of refraction, and d the specific gravity of the liquid at 20 
compared with water at 4° (Landolt, P. 123, 595 ; Brtihl, A. 200,139). Other constants, 

such as have also been used; these are of course not comparable with those first 

\jj. +2 / d 

4 mentioned (cf. Briihl, A. 285,1). 

The tpecific rotation is given by most observers for a tube of liquid 100 mm. long, but 
many French chemists use a 200 mm. tube as a standard, and some even 60 mm. When 
the length of tube is stated it is easy to apply the correction, but when, as is often the case, 
an author does not give the length of tube, his numbers are indefinite. 

The rotation measured for the neutral tint is of course not the same as that measured 
for the sodium line, yet authors occasionally fail to mention the kind of light employed. 
The angular rotation ought to be divided by the specific gravity of the liquid during the 
experiment, in order that the effect of equal weights of material may be compared; yet it is 
to be feared that many authors neglect to perform this division, and also to mention that 
•they have not done it. 

Authors frequently fail t<f state whether their melting and boiling-points have been 
corrected for the exposure of part of the stein of the thermometer. This may make a 
difference of 5°. The immersion of the whole of the mercury in the liquid or vapour is 
indicated by i.V. 

Beferences. 


Where the same paper is referred to several timeStin the course of one article* the full 
reference is given oace, and in other places there will bo Pound the first letter or the first 
two letters of the author’s name, inclosed within brackets; thus, if (Perkin, Of/. 45, 890) 
and (P.) are found in tho same article, the (P.) is a contraction for (Perkin, O. /. 45, 890). 


Short Article Expanded. 

In order to make sure that tho contractions omployed are thofbughly miderstood. a 
ihort specimen article will be expanded by simply exchanging the contractions for their 
iquivalents:— 

Bromo-di-oxy-bensoio aoid CJI..Br(OH).,CO,,H [35:2:6:1]. (184°, anhjferous]. From c-di-oxy- 

jenzoif aoid in ether and Br (Zchentcr, M. 2, 480). Prisms (cSntamiug aq); v. ml. alcohol, 
i. si. sd* water'. Fe,Cl, gives a violet colour to its aqueous solution.—AgA aq.—EwA ,7iaq.— 
EA'ljaq. 

May he expanded tltos:— 

Bromo-di-oxy-benseic aeid CABr(OH),,CO.,H[Br:OH:OH:CO/l=.*:2:6:l] melts at184° after is 
baa bean deprived of its water of crystallisation. It is fonned, aocording toJSfcenter (blonatsheftq 
voL 2 pT480), by adding bromine to an ethereal solution of consecutiw di-oxy-benzoio acid. It orys- 
t Jfiaea in prisms, and the crystals cqn*mf>*i molecule of water of Crystallisation to each moleoule 
of the acid. These crystals are ver/soluble in alc«liol, but very slightly Bdluble in water. Feme 
chloride oolours its aqueouB solution violet. It forms the following salts C t H 1 Br(OH) I CO,Ag 1 H l Q; 
{C,H a Br(OH),CO j^a,7iH,0* and C,H,Br(OH) J CO J K,liH a O. 
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Nomenclature of Bings. 


Beside* the hydrocarbqp rings, represented by ben^ne, na^hthaleJh phenanthreue, 
. anthracele, indonaphthene C e H 1 <^^,g l ^CH, ywsiethyfene / \ , tetra-n^pthylene 

OH, CH, ^ nw ATT 

I | , penta-methylene CH,<pT T 2 ' f ,TT->, Ac., there are a great many rings am* 

OH,—OH, 

taming other elements. Some of these are collected here for convenience of reference. It 
will be noticed that glyoxaline and metapyrazole differ only in regard to the position of one 
atom of hydrogen. The exact structure of rings containing live or six atoms is not known; 
some alternative formulie will be found on p. 440. 

Nitrogen ring compounds. 


CH=CH. 

1 >NH Pyrrole or Pyrrol. 

CH-CIK 


iCH Pyrazole. 


HN- 

N-CH /VJ 
H.C-N. 

^ yCK Metapyrazole. 
CH—NH V 


CH,-CH, X 
I >NH Pyrrolidine. 

CH,—CH/ 

1 Pyrroline ’ has been used by some authors 
for Pyrrole-dihydride. ‘Pyrroline’ in the ab¬ 
stracts in the Journal of the Chemical Society 
means Pyrrole. 


\cH Qlyoxaline. 

CH — Td" 

N:CH V HN.CHx 

>NH or I JN Triazole. 
N:CiK 

The di-oxy-derivative of the second form of 
triazol has been named 1 Urazole ’ by Pinner. 

N - N. 

| >NH Tctrazole. 

N=CH / 


N:CHv 

u> 


CH-CH-CH 
| | || Pyridine. 

CH—N — CH 

Pyrazine 

CH—N-CH ( tjpe ol ketines) - 
CH-N — CH 


*- 


CH-CH 


Pyrimidine 


/ CH \ 
and C^1 .<nH^ N (pseudo) 


Indaeine. 


°- h «<S£> ch indoU - 




!,H, Phenaeim. 


NcyhthaziiUo 

• * t 

Phenazoxine 


CH,—OH,—CH, 

I I 

CH,—NH—CH, 


Piperidine. 


CH,—NH-CII, 
1 1 
CH,—NH-CH, 

• 

Piperazine. 

.CH.CH 
C.H/1 II 
X N.CH 

Quinoline. 

.CH-CH 
C .H,<I || 
'CH—N 

Isoguinoline. 

,N-Cfi 

c.h ( <; | || 
\n-ch 

Quinoxaline. 

.CH—N 

Quinazoline. 

.CH-CH 
C.H/f || 

'N — N 

CihnoUne. 
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Qaygtn ring compound*. 
CH-fH v 

Furfu i 


rJke. 


. * Coumaronc. 

chVo H >c. h < < ^>ch Benzodifur/urane. 


Sulphur ring compounds. 
OH«>CHv 

1 *^S Thiopheu*- 


CH=CH' 

CH=CH. 

A-ci> 


V >S 


CH=CH' 




Thiophlhent. 


xiti 


The numbers indicating position in compounds of naphthalene are as follow*;- - 

1' i 


nn 


4’ 4 

The positions 1,4,1', 4' are termed (o), while 2, 3, 2', 8' ore called (B). Quinoline is 
numbered thus;— 

1 1 

CH CH 

2 HO^ \b 2 


3 Hi 


:i * A * 
V V 

4 4 


I 

CH 8 


Thus (B. 4)-bromo-(Py- 8)-oxy-quinoline would be 


Pyridine is numbered thus: 


CH CH 

/ \ / \ 

HC C CH 

I I I 

HC C C.OH 

\b/V 

1 

CH 

/\ 

6 HC CII 2 

I I 

D HC C1I a 

\ / 

N 


One of the assumptions made by the recent doctrine of tautomerism is that a lactam 
CO.NH can readily change into a lactim C(OH):N, and that the groug CO.CH, can change 
• into C(OH):CH. It is obviously expedient to describe two compounds which age mutually 
interchangeable, if not identical, in the same article, hence rings containing CO.NH or 
CO.CH, are named as if they were hydroxylic compounds of the form C(OH):N and 
C(OH):{?H. 

lactones and Anhydrides. 

tactones and anhydrides are usually described under the substance from which they 
may be derived by the abstraction of water; thus, butyro-lactone will be described under 
oxy-butyrio acid. 

Prefixes discarded. * 


The prefixes homo-, hydro-, and| nytyj- are not used. Tn# nyaro- compounds of un> 
saturated bodies are, if saturated,Earned in th* usual way; thus h^dre-einnamio acidis 
phenyl-propionio acid. The hydro- derivatives of ring compounds are described as hydrideB 
of the simplex cimpounds #om which they are derived: e.g. di-hydro phtlalic acid as 
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phthalic add Aihydride. Compounds beginning with homo- mutt be re-named; thus 
homo-salicylio acid ie oxy-^gluio aoid. 

Hyphens. 

Hyphens are placed between eaoh significant part of a nam^ absAoe of Ji it hyphen 
•anally indicates close connection fetween two groups of atoms; e.g. phenylemyl‘ 1 ’™' 1 ia 
C,,H 5 .0,H 4 .NH.CO.NH 3 wide phenyl-othyl-nrea is C,H,NH.CO.NHO,|fc. 


Ambiguous names. 

A. number of names have been need in several senses by different authors; it may 
therefore be well to mention the names chosen in some of these ^ases. The terms cyanide 
and isooyanide are altogether discarded, carbamine and nitrile being used instead. Cyanate 
is used for ordinary potassium cyanate and the ethers that may be derived therefrom; the 
corresponding sulphur compounds are described as sulphocyanides and thio-carbimide$ 
(mustard oils). Cinnamyl is C e H s .CH:CH.CH,, the aoid radicle C e H s .CH:CH.CO being 
dnnamoyl and C 6 H 5 .CH:CH is termed styryl. 

Tolyl is used only for CH 5 .C fl H 4 . and not for benzyl C 0 H s .CH a . nor for CH s .C e H 4 .CH 3 . 

Cresyl is not used as a name. Xylyl is only used for (CH,) a 0 8 H y , not for 
CH s .0 8 H 4 .CHj. nor for (CH } ) a C 8 H a .CH a . Durene is used as synonymous with tetra- 
methyl-benzene. 

Discarded names. 


As it commonly happens that several names have been given to the same compound, 
it may be well to give a list of the names that havo been chosen in a few cases. 


Carbamio ether 
Urea 

Thio-carbimide 

Tolylene 

Methyl-pyridine 

Di-methyl-pyridine 

Tri-methyl-pyridine 

Methyl-thiophene 

Di-methyl-thiopheno 

Oxy-pyridine 

Methyl-quinoline 

Diquinoline 

— hydrazide 

(B- lj- 


is used instead of Urethane 
Carbamide 
Mustard oil 
Toluylene 
Picoline 
Lutidine 
Collidine 
Thiotolene 
Thioxene 
yridone 
uinaldine 
Diquinolyl 
— izine 
ana- 
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INITIALS OF SPECIAL CONTRIB UffORS. 


0. F. 0.. 
W.D. . 

A. G.G.. 

3. 3. H. . 
W.D. H 

F. R. J. . 

E. B. L.. 
L. M. . 

R.M. . 

W.®. . 

R. T. P.. 

W.R. . 

C.0’S. . 

T.S. . 

3.3.T. . 
•» 

T. E. T.. 

B. Wp . 
0. J.W.. 
-H.W. . 


0. F. CROSS, Esq., Consulting Chemist. Contributes Cellulose. 

WILLIAM DITTMAR, Ph.D., F.R.S., Professor of Chemistry at Anderson's College, 
Glasgow. Contributes Analysis. 

ARTHUR G. GREEN, Esq., F.I.C., Research Chemist to the Atlas Works, Hackney 
Wick. Contributes Diazo- compounds. 

J. J. HOOD, Esq., D.Sc. Contributes Chemical Chanoe. 

W. D. HALLIBURTON, M.D., B.So. Assistant Professor of Physiology at University 
College, London. Contributes Blood. 

FRANCIS R. JAPP, M.A., Ph.D., F.R.S., Assistant Professor of Chemistry at the 
Normal School of Science, South Kensington. Contributes Benzil, Ammonia 

DEISIVATIVES OF BeNZIL, AMMONIA DERIVATIVES OF BENZOIC ALDEHYDE, BENZOIN. 

E. RAY LANKESTER, M.A., F.R.S., Professor of Zoology at University College, 
London. Contributes Bacteria. 

LOTHAR MEYER, Ph.D., Professor of Chemistry in the University of Tubingen. 
Contributes Allotropy. 

RAPHAEL MELDOLA, F.R.S., Professor of Chemistry at the Finsbury Technical 
College. Contributes Azo- colouring matters. 

WILHELM OSTWALD, Ph.D., Professor of Physical Chemistry in the Landwirth- 
jthaftliches Institut,*Lcipsig. Contributes Affinity. 

RICHARD T. PLIMPTON, Ph.D., Assistant Professor of Chemistry at University 
College, London. Contributes Amylamines. 

WILLIAM R*MSAY, Ph.D., Professor of Chemistry at University College, London 
Contributes Acids and Alloys. 

C. O’SULLIVAN, F.I.C., Burton-on-Trent. Contributes Arabic acid, Bassoriji, and 
Cerasin. 

THOMAS STEVENSON, M.D., Lecturer on Forensic Medicine at Guy’s Hospital. 
Contributes Detection and Estimation of Poisonous Alkaloids. 

J. J. THOMSON, M.A., F.R.S., Professor of Experimental Physics*in the University 
of Cambridge. Contributes Aggregation, states of. 

T. E. THORPE, Ph.D., F.R.S., Professor of Chemistry at the Royc^ School of Mines. 
Contributes Atmosphere. 

Jt*WARINGTON, Esq., FR.S. Contributes Ash of organic bodies. 

CHARLES J. WILSON, Esq., F.I.C. Contributes Caoutchouc. 

HENRY WATTS, B.A., F.R.S. (the late). Contributes many special ytitfales, and th» 
»• first hall of Alcohols. 


Articles by Mr. MUIR are initialed M* 


p?sl 


JUnsionxd Articles are by Dr. MOBLEY, 



ABBREVIATIONS 


I. Jocbnals ihd Books. 


When an author has oeen mentioned in an article, he is usually referred to thereafter 
in that article by hit initial only. 


A. . . 
A.A.. . 
A.Ch. . 
P. Am. A. 
Am. . . 
Ann.ll.. 
Am. S. . 
A. C. J.. 
Am. Ch. 
Am. J. 

Pharm. 
An. . . 

A. Ph. S. 
Ar.N. . 
Acad. . 
Ar. Ph. . 
At. Sc. . 

B. . , , 
B. A. . 
Bl. . . 
B.B. . 
B.O. . 
B.J.. . 

B. M. . 

C. S.Uem. 
C.J.. . 
C.J.Proc. 
C.N. . 
C.B. . 

C. C.. . 

D. P. J. 
Fr. . . 
G.. . . 

G. A.. . 

H. . . 

I . . . . 
/. . . . 


J. C. T.. 
J. 11. . 

J. de PB 
J. Ph.tt 

Sfc : 

J.R.. . 
J.Z.. . 

L. 7. f 

M. . . 
U. % 

M(m. 
d’A. 

B. 
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Berliner Monatsberiehte. 
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Le Monitenr Soientifique. 
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ABBREVIATIONS., 

H, . Natan. 

WiSdJPJ. New Edinburgh Philosophical Journal. • 

W. /. P. Neuer Jahrdlbericht der Pharmacie. 
if. B. P. Neues Repertorium fiir die Pharmaoie. 

If. J, T.. Neues Journal von Trommsdorff. , 

if. Z. R. u Neae Zeitschrift fiii*Riibenzuckcrindustrie. 

JP. if. , Philosophical Magazine. 

P .. . . Poggendors’s Annalen der Physik and Chemie. 

P.B.. . Beiblalter zu den Annalen der Physik und Chemie. 

Pf. . . Pfliiger’s Archiv fiir Physiologic. 

Pr. B. . Proceedings of the Royal Society of Edinburgh. 

Ph. ’. . pharmaceutical Journal and Transactions. 

Ph. 0. . Pharmaceutisches Oentral-Blatt. 

Pr. . . Proceedings of the Royal Society. » 

P.R.L. Proceedings of the Royal Institution of Great Britain. 

P. Z. . Phannaceutisehe Zeitschrift filr Russland. 

R. T. 0.. Recueil des travauz chimiques des Pays-Bas. 

B. P. . Repertorium fiir die Pharmacie. 

Q. J. S .. Quarterly Journal of Science. 

S. . . . Schweigger’s Journal der Physik. 

Scher. J. Scherer’s Journal der Chemio. 

8. C. I. . Journal of the Society of Chemical Industry. 

8iti.W. . Sitzungsbcrichte der K. Akadcmie zu Wien. 

T. or Tr. Transactions of the Royal Society. _ 

T.E., . Transactions of the Royal Society of Edinburgh. 

IP. . . Wiedemann’s Annalen der Physik und Chemie. 

IP. J. . Wagner’s Jaliresbericht. 

Z. . . Zeitschrift fiir Chemie. 

ZtU.ang. Zeitschrift fiir angewandte Chemie. 

Oh. 

Z. B. . Zeitschrift fiir Biologie. 

Z.f. i. f. Zeitsohrift fiir die gesammten Naturwissenschaftcn. 

Natur- 

vriss. 

Z.K.. . Zeitschrift fiir Erystallographie und Mineralogie. 

Z. P. 0. Zeitschrift fiir physikalisehe Chemie. 

Z.V.. . Zeitschrift des Vereins fiir die Riibenzuckerindustrie des deutsoben 
Reiches. 

Bn. . . Handbuch der organischen Chemie: von F. Beilstein, 2te Auflago. 

B. P. , English Patent. ■ • 

O. P. . German Patent. 

Gm. . . Gmelin’s Handbook of Chemistry—English Edition. 

Gm.-K. . Gmelin-Kraut: Handbuch der anorganischen Chemie. 

Oerh. . Traiti de Chimie organique: par Charles Gerhardt. 

K.. . , Lehrbuch der organischen Chemie: von Aug. Kekuld. • 

«<?. 0. . Graham-Otto: Lehrbuch der anorganischen Chemie [6th Ed.] 

Bias, Stas’ Becherches, Ac. "i 

Reek. * j Aronstein’s German translation is re- 

Stas, Stas’ Nouvelles Becherches, &o.J ferred to as Chem. Proport. 

Nouv. B.j 

Th. . . j Thomsen’s Thermoohemische Gntersuchungen. 


n. Terms and Quantities, dto., tbequbntit used. 

W^er; »jg. NaOHAq means an aqueous solution of caustio soda. 

18 partqjby weight of water. 

Residues of mono-, di-, and tri-basic acids. Thus, in describing the salts 
of a monobasic acid NaA', CaA'„ A1A', may be written, HA' standing 
for the acid. For a dibasic acid we should write Na,A", CaA", A1,A , *o. 
Stand for bases of the ammonia type, in describing their salts. Thus the 
hydrochloride would be B'HCl or B'’2HC1, according as the base is 
monacid or diacid, & 0 . 

Concentrated. 

Dilute.* 

grram. 

milligram, 

millimetre. 

molecole 




oil, . . 

pp. , . 
toppt. . 
PPB- • * 
PP. 3 ;- » 

SOI* . • 

inaol.. . 
v. e. sol. 
v. sol. 
m. sol., 
si. sol. 
t. si, sol 
v. . . 
cf .. . 


At. w. . 
Mol.w.or 
V. w. 
D.. . 
cor. . 
uncor. 
i.V. . 
V.D. . 
S.G. . 
S.G.tf 
S.G. V 

S.G. G 

S.H. . 
S.H'.v. 
S.H.p. 
H.C. . 


H.O.V. 

H.O.p. f» 
H.F. 


H.F.V. . 

H.F.p. . 
H.V. . . 


T.O. . 
S.Y. . 


S.V.S. . 

E.O. . . 
3.E. (10° 
to 20°) 

. 

). (alco¬ 
hol) 

• 

>D| <*Ce • 

f 


*0 

■oo. 


ABBREVIATIONS. ■;** 

liquid, nearly, or quite, insoluble in water, 
precipitate, 
ft precipitate, 
precipitating, 
prqpipitaled. 
soluble i£. 
insoluble in. 
very easily 
verf 

moderately (soluble in, 
slightly 
very slightly 
see. 

compare. . 
about. 

a melting-point, 
a boiling-point. 

Hardness (of minerals). 

Atomio weight. 

Molecular weight. 

Density, 
corrected, 
uncorrected, 
in vapour. 

vapour-density, i.e. density of a gas compared with hydrogen or air. 

Specific gravity compared with water. 

„ „ at 10 ‘ compared with water at 0°. 

». i, ,» 10° i, ,f ,, i, 4°. 

„ „ „ 12°; compared with water of which the temperature is 

not given. 

Speeiiic heat. 

„ „ of a gas at constant volume. 

„ „ „ „ „ pressure. 

Quantity of heat, in gram-units, produced during the oomplete com¬ 
bustion of the mass of a solid or liquid body represented by its 
formula, taken in grams. 

Heat of combustion in gram-units of a gram-molecule of an element or 
compound, when gaseous, under constant volume. 

The same, under constant pressure. 

Quantity of heat, in gram-units, produced during the formation of the 
mass of a solid or liquid body represented by its formula, taken in 
grams, from the masses of its constituent elements expressed by 
their formulie, taken in grams. 

Heataof formation of a gram-molecule of a gaseous compound from the 
gram-molecules of its elements under constant volume. 

The same, under constant pressure. 

Heat of vaporisation of a liquid, i.e. gram-units of heat required to change 
a gram-molecule of the liquid compound at fi.F. into gas at satue 
temperature and pressure. 

Thermal conductivity (unit to be stated). 

Specific volume; or the molecular weight of a gaseous compound divided 
by the S.G. of the liquid compound at its boiling-point compared with 
water at 4°. 

Specific volume of a solid; or the mass of tbs solid expressed bysits 
formula, taken in grams, divided by its S.G. . 

Electrical conductivity (the unit is stated in each case). 

Coefficient of expansion (between 10° and 20°). 

I"of a gas = volume dissolved by t volume of water, t 
Solubility in water J of a liquid or solid = number of grms. dissolved by 
„ „ alcohol ] 100 grms. of water. In both cases the temperature 

Us stated. 

Index of refraction for hydrogen line 0. 

„ „ „ sodium „ d, *o. 

Molecular refractiqn for sodium light, i.e. index of refraction for line s 
minus one, multiplied by molecular weight, and divided by S.G. at 16" 
compared with wate»at U*. . 

The same; S.G. being determined at*16 o -20 o and referred to water at 4°. 
The same for line of infinite wave-length, index being deteemindi by 
paueby’s fofpmla (Brilhl’s B„). 



Mi- 

Mt 


M. II 


Ac 

Bz 

Cy 

Et 

Ue 

Ph 

Pr 

ft 

H,E' 

prim 

sec 

Urt 

n . 

m, o, 

c . 

i . 

s . 

« . 

+ . 


itc. 


Specific rotation tor sodium tight 


A 


neutral tint, [a]- 1 .®** 


100 mm. oi liquid, d-8.0. of tiqu; 
substance in 100 grammes gt liquid. 

Molecular magnrtie rotatory power =* 


j. a-obeer^d rotation for 
p -no. of grammes of active 


'd*Jxm * w **ere m “ nftleajlar 
weight of the body of 8.G, - d, a - angle of rotation under magnetic. 
. influence, a'»angle of rotation of water under same influence, and 
m'. molecular weight of water (18). 

Acetyl C.,H,0. 

Benzoyl C,H,0. 

Cyanogen ON. 

Ethyl CA- 
Methyl CH,. - 

Phenyl CA- in formal*. 

Normal Propyl CHj. CH.. CH,. 

Isopropyl CH(CH,),. 

Alcohol radioles or alkyls, 
primary, 
secondary, 
tertiary, 
normal. 

meta— ortho—para, 
oonsecutive. 
irregular, 
symmetrical, 
unsymmctrical. 
pseudo. 

attached to nitrogen. 

Employed to denote that the substituent is attached to a carbon atom 
which is next, next but one, or next but two, respectively, to the 
terminal carbon atom. The end to be reckoned from is determined 
by the nature of the compound. Thus CH,.CHBr.CO,H is o-bromo- 
propionic acid. 

denotes that the element or radicle which follows it is attached to a ter¬ 
minal carbon atom. 

indicate position in an open chain, only, 
indicate position in a ring only. 

Used when a, fl, <trc. are employed in a cense different from Idle above, 
e.g. (a)-di-bromo-camphor. 

Baeyer’s Nomenclature: 
benzene ring, 
pyridine ring. 

Thus (B. 1:3) dichloroquinoline, means a meta-dtohloroquinoline in 
which the ohlorine atoms are both in the benzene ring. 

While (Py. 1:3) dichloroquinoline, means a similar body, only the 
chlorinS atoms are in the pyridine ring. The numbers are counted 
from two carbon atoms which are in different rings, but both united 
to the same carbon atom. 

denotes the central ring in the molecule of anthracene, acridines, and 
azines. 

means that the element or radicle it precedes is in a dosed ring. 

„ „ „ „ „ not in a benzene ring, 

dfnotcs isomerism that is not indicated by ordinary formula; thus maleic 
acid may be called ai/o-fumnric acid, 
denotes displacement of oxygen by sulphur. 

_, the group SO A except in the word sulphocyanide. 

,, the group Sli. 

Tribromonitrobenzene sulphonio acid [i:2:3:4:5] means that th* three 
bromines occupy positions 1, 2, and 3; the nitro- group the poslu&n 4, 

1 and the aulpbo- group the position S. 

* “•Denotes that the formula to which it is affixed has not been determined by 
analysis. <£ut it by no means follows that formula without this mark are.those of 
analysed compounds. a 

All temperaturdl are given in degrees .Centigrade unless when specially stated 
otherwise. - I 

’ Wave-lengths are given in 10-’ mm. 

Rmnulw, when used instead of names of substances, here s qualitative metninfl 
only. 

Shorn sen's notation is used in thermoshemiea! data 


a,fl,7,*C. 
1,2,3, <bc. 

(«). M. 
*«. 

(B.) 

(*W 


W • . 

esc- . . 
exo- . . 
atif- . . 

thio- . , 
sulpho- . 
sulphydro- 




DICTIONARY OF CHEMISTRY 


ABIES.—The needles of A.pectinata contain 
a sugar called Abietite, C,H,0 3 , very much like 
mannito, but differing therefrom in composition 
and in solubility. The same plant contains a 
tannin identical with the solublo tannin of the 
horse-chestnut, and convertible by hy- 

drochlorio acid into an anhydride C K H 46 0 2 „ in¬ 
soluble in cold water, but soluble in boiling 
potash-lye, slightly in water and alcohol (Itoch- 
iodor, J.pr. 10.T, 63, 123).—The fruits of Abies 
Regina Amalia, indigenous in Arcadia, yield, 
by distillation with water, about 18 p.c. of a 
colourless volatile oil C|„H„, smelling like lemons, 
S.G. '868 (156-159°); slightly tevorotatory. Ite- 
sinifies quickly in the air, exerting an ozonising 
influence stronger than that of turpentine-oil. 
Dissolves iodine, and absorbs hydrogen chloride, 
forming a liquid compound C„H, ( .HC1 (Buchner 
a. Thiel, J. pr. 92,109). H. W. 

ABIETENE C,H 1S .—The heptane of Finns 
tabiniana ( v. Heptanes). 

ABIETIC ACID C„il,,0, [139°1 or [165°].— 
Caillot, J. Ph. 16,136; Maly, A. 129, 94 ; Em- 
merling, B. 12, 1441; Kelbe, B. 13, 8S8.-Oc- 
cusrence. The clear liquid turpentine of various 
species of pino'hontains abietio anhydride 
Oj,®,/),, which, on oxposuro to the air, absorbs 
moisture and is converted into abiotic acid, the 
liquid then coagulating to an opaque granular 
pulp. The anhydride is the chief constituent 
of common resin or colophony. 

Preparation.—1. Coarsely pounded colophony 
is digested for two days with weak spirit; tho 
liquid is decanted from the white crystalline pulp, 
and squeezed in a press; the press-oako dis¬ 
solved in hot strong alcohol, and tho solution 
left to itself at ordinary temperatures; a whito 
crystallino crust is thus obtained; tho mother- 
liquor, when cooled by ice, usually solidifies to 
a loose mass of white laminos, which constitutes 
the greater part of the product. Tho crystalline 
cruSt consists of sylvic acid C^H^O., tho lamina) 
of abietio acid (XI.).—2. Colophony is digested 
for two days with spirit of 70 p.o., and the undis¬ 
solved portion, after washing with weak spirit, 
Is dissolved ip the smallest possible quantity of 
glacial aoeljff aoid. From this solution the acid 
separates in orusts, and on adding a little water 
to. its solution in hot alcohol and stirring, it 
iis obtained in crystalline scales (E.).—3. Soda- 
lye which has been used for purifying crude 
resin-oil isemhffid with common salt, and the 
soap which separates is dried at 70°-80°, and 
nunfidtl by exhaustion with ether. The roddue 
dissolves m alcohol, and the solution, on evapo¬ 
ration, deposits needle-shapedcrystals of sodium 
instate, the aqueous Jplution of yhich yields, 

Yon. I, 


on addition of hydrochloric acid, a white pp. of 
abietic acid, which melts to a resinous mass if 
the mixture is boiled (K.). 

Properties. —Separates from hot alcoholic 
solution in irregular transparent pointed tri- 
elinio crystals melting at 165° (M., K.); 139" 
(E.); 135" (Fliickiger). Sol. alcohol, ether, Ben¬ 
zene, glacial JIOAc, CHCI, and CS 2 . 

Reactions. —1. Abietic acid distilled with sine 
chloride yields a heavy oil (70°-250°) containing 
heptylene (E.).—2. Strong hydrochloric and hy- 
driodic acids at 145° abstract tho elements of 
water from it, leaving the anhydride (E.) ; but 
when treated in alcoholio solution with gaseous 
HC1, it yields sylvio and sylvinolio acids: 

C.A.O, ♦ ii. 2 o= C 2 JI M 0 2 +C 2 ,H m O, (!) 
Sylvio acid is also formed when a hot alcoholic 
solution of abietic acid is mixed with sulphurie 
acid (M.).—3. Triturated with I‘C1 S it yields on 
distillation a volatile oil C„H W , called by Maly 
abiclonc, together with HCi and POC1,.—4. By 
oxidation with KXInO,, abietic acid yields car¬ 
bonic, acetio and formic acids.—6. Boiled with 
chromic mixture, it yields large quantities of 
acetic and formic acids, and, after removal of 
these by distillation, ether extracts from the 
liquid a small quantity of trimellitio aoid 
C,H s (C 0 2 H),(E.).—6. The anhydride (colophony), 
oxidised with nitric acid, yields isophthalicacid, 
together with trimellitio acid (Schreder, B. 6, 
413).—7. Abietio acid fused with potash yields 
propionio, but no protocatechuio, aoid (M.).—8. 
Sodium-anylgam added to a warm alcoholic 
solution of abieticsacid converts it into hydra- 
bietio acid G.,11a dibasic aei<^ which 
forms white unctuous lamina; melting at lGO* 
(M.).—9. Abietic acid with acetic chloride or an¬ 
hydride at 160° yields an oily acetyl-compound 
(E.).—10. Bromine added to a solution of abietio 
acid in OS 2 forms a bromo-derivative, probably 
C„H,,,Br. ! 0’, which separate# from alcohol as a 
red powder melting at 134° (E.).—11. Bistilled 
with zinc dust it yields toluene, m-ethyltoluene, 
naphthalene, methyl-naphthalene, and methyl, 
anthracene (Ciamician, (?.#, 305, B. 11, 269). 

Salts.— Abietio aoid is dibasio, mostly form¬ 
ing normal, rarely acid, salts. The alkaline salts 
are difficultly orystallisable. The normal abie- 
tates of the other metals C„H n M"O s are sparingly 
soluble in water, and are obtained bjepweipita- 
tion. Na.,A'', needles (from alcohol).—MgA", 
flocculent, v. sol. alcohol.—Xfgft,A/.—CaA".— 
BaA".—ZnA", si. sol. aftohol.— CuA", v. sol. C8, 
lor ether; pale green. 

Ethyl Abietate Et ? A", retained by decom¬ 
posing silver abietate with ethyl iodyle diluted 
with ether, forms a yellowish mass, having an 

B 



ABDOTO ACID. 


Lftherio odour; insoluble in water, slightly so¬ 
luble in alcohol, easily in ether and C8.„ 

Abietin C 51 H„0, i.e. # l4 H„(CHMe:CH) 1 0, 
is deposited from a mixture of glyoerin and a 
•conceptrated alcoholic solution of abietio acid, 
■after exposure to a low temperature for several 
'days, in small white crystals melting at 125°, 
soluble in ether and alcohol (ML). H. W. 

ABIETIC ANHYDRIDE C„H,,0, is not 
formed by direct dehydration of the acid, but 
exists, as already observed, in the clear fresh 
turpentine of certain conifers, and forms the 
essential part of colophony. H. W. 

ABIETIN. V. supra. 

ABIETITE CjH,Oj.— Abietol. The sugar of 
Abies pect inala. 

ABR0T1NE C, 1 II.,_X.O. An alkaloid from 
Artemisia abrotanum (P. Giacosa, J. 1883,1350). 
White crystalline powder or white needles. SI. 
sol. hot water. Its solutions fluoresce blue. 
Salts: B"H;PtCl„.—B.,."H..SO ) (iaq. Needles. 

ABSINTHIN or Absyntliiin O w IT „0„ [12l) a - 
125°].-(Mein, A. 8, 01; Luck, A. 78, 87; Kro- 
mayer, Ar. I II. [2] 108, 120).—The bitter prin¬ 
ciple of wormwood (Artemisia absynlhium). 
Prepared by exhausting the dry herb with cold 
water; absorbing the bitter principle from the 
concentrated extract with boneblack ; extracting 
with alcohol; purifying by treatment with basic 
lead acetate, precipitating the lead with 11.8, 
and evaporating the filtrate. 

Properties. — Yellow powder, composed of 
minute crystals. V. si. sol. cold water, si. sol. 
lot water, v. sol. alcohol or ether. Very bitter. 
Neutral to litmus. Smells like wormwood. 

Reactions. —1. Cone. 1180, forms a brown 
eolation, turning greenish-blue. A little water 
turns the colour to a splendid blue, destroyed by 
more water.—2. Boiling dilute R.SO, acquires 
a yellowish-green fluorescence, and deposits a 
brown resin.-3. Does not reduce Folding's solu¬ 
tion.— 4. Gives a mirror with warm ammoniacal 
AgNOj.- 5. An alcoholic solution gives a sticky 
pp. with tannin.- 6. Gives no pps. with metallic 
•its. H. W. 

ABSINTHOt.— C,„H lu O (195°) or (201-).- 
iBei&tcin a. Kupffer, Tl. 6, 1183, fi. 170, 290; 
Wright, C. J. 27, 1 and 31 tf).— Isomeric with 
oommo* camphor. Forms the essential principle 
of wormwood-oil, in which it is associated with 


Acajou or Cashew-nut tree, Anaeardium occu 
dentate , growing in the W«(t Indies and South 
Amerioa,pontains a large quantity of a red-brown 
resinous Vesicating substance, which may be ex- 
4 traded by ether, the solution Aheneevaporated 
r leaving a network & small crystal! of anaoardlo 
aoid soaked in an oily liquid called eardol, to 
which the resin owes it* aorid proporties«(St!i- 
deler, A. 03, 137). A oatochin C 1 ,H J1 0„ [165°] 
may be got from acajou-wood (Gautier, Bl. 30, 
508). H. W. 

ACAROID RESIN.—RcBin of Xanthorrhea 
hastilis, a liliaceous tree of Australia: also called 
resin of Botany Bay. Yellow, fragrant, soluble 
in alcohol, ether and caustic potash. The potash- 
solution treated with HCl deposits benzoio and 
cinnamic acids. Nitrio acid readily oxidises it 
to picric acid. Yields on distillation phenol and 
small quantities of benzene and styrene (Sten- 
i house, A. 57, 81). By potash-fusion it gives 
| p-oxy-benzoio acid, resorcin, and pyroeatechin 
1 (Illasiwetss a. Barth, A. 139, 78). H. W. 

ACECHLORIDE OF PLATINUM v. Acetone. 

ACECONITIC ACID C„H a O„.-The ethyl ether 
is formed, together with the (probably isomeric) 
citracetic ether, by the action of sodium on 
ethyl broino-acetato: 

SEtCHBrO, + 8Na - Et s C,H s O„ + 3NaBr + H, 

, (Bacyer, A. 135, 306). The product is distilled 
; in vacuo, and the ethers saponified by baryta. 

! Baric acoconitato crystallises, leaving the 
gummy baric citraeetate in solution. 

I Properties .—Nodular groups of needles. V, 

1 sol. other. Gives no crystalline sublimate. 

' Salts .—Barium salt forms small, sparingly 

; soluble crystals. A solution of the calcium salt 
i becomes turbid when heated.—Ag,A"'aq. Ethyl 
ether.— Et,A"'. Lighter than water. H. W, 

ACEDIAMINE Cdl 6 N s t.e*NH,.CMe : NH 
V. AcF.T-A»ftl>INE. 

ACENAPHTHEHE C,,.H I0 i.e. C,„H.: C,H„ 
CH CH 


a terpene (b.p. below 160°) and a deep-blue oil 
(270°-300 ) identical with the blue chamomile 
oil examined by Kachler (B. 4, 36). Abainthol 
boils at 195 3 (B. and K.j, at 200°-205 rJ (W.), 
217’ (Gladstone), differs essentially from cam¬ 
phor in chemical reactions, not being converted 
into camphoric acid by oxidation with nitric 
acid,nor into camphq-carboxylic aoid, C n H„0, = 
®„H lt (OH).CO,H, bifsod(jim andC0 2 ,and yield¬ 
ing Wth melting potash a large quantity of resin 
•but no acid. Heated with P,8 S it yields cymene 
C„H,„ and eymyl hydrosulphide C„Hu8H,boil¬ 
ing at 230°-240 ,J (W.). Cymene is also formed, 
though in tmaller quantity, by treating absinthol 
With zinc chloririedW.). H. W. 

ABSORPTION OF OASES BY LIQUIDS AND 
SOLIDS v. Gases. * . 

ABS0RPTIONJ3PECTRA v. Physical Me- 1 
ttnoos: sect. (JrricAt. 

ACACBi or Acacia gum v. Arabin. 

ACAJOU.—The pericarp of the nnts of the 


CH, — CH, 

M.w. 151. r95°] (Bohr a. Dorp, A, 172,265), [103°) 
(Hcliiff), (278° i. V.). V.D. 5-35 (for 5-33). S.V.8. 
149-16 (Schiif, A. 223, 203). 

Occurrence ..—In coal-tar oil (Berthelot, ' Bl. 
[2j 8, 226). 

Vonnatum.—I. By passing a mixture of 
ethylene and benzene or naphthalene through 
a red-hot tube (Berthelot).—2. JBy passing 
(a)-ethyl-naphthalene through a red-fcol tube.— 
3. By treating (a)-ethyl-naphthalene with Br at 
183 ’ and decomposing the product, G, ( H„C,H l Br, 
with alcoholic KOH at 100° (Berthelot a. Bardy, 
C. R. 74, 1463). „ 

Preparation .—Heavy coal-tar otl^260 o -290°) 
is carefully fraotioned, and the fraotioik2C0 A - 
270° cooled strongly till it solidifies. Reorystab 
Used from alcohol (Terrisse, A. 227,184). 

Properties.— Long needles (from aloonol).^Y. 
sol. hot alcdbol, v. si. sob cold alcohol. 



ACETAX. 


Bedctions. —1. A mixture of alcoholic sola- 
tions of aeenaph%ene and picric acid de¬ 
posits orange-yellow needles of the picrate. 
p l «H 11 .O t H,(NO a ),OH_[162°].—2. Co#. H,SO, ■ 
forms a suIphoaMe wHose salts are very soluble .i 
A little HNO^turns the soliHSon in H,SO, green. 
B. Cold HNO, forms di-nitro-acenaphthene. 
bellow needles (from b»nzotine); insol. in alco¬ 
hol. — 4. CrOj and H,SO, give naphthalie acid, 
OjflMCOjH), (B.&.D.).—6. Bromine added to an 
sthereal solutionfo,rms bromo-acenaphthene, 
OjoHjBrCjH, (53']; tables (from alcohol); oxi- 
lises to bromo-naphthalio acid (Bluraenthal, 
B. 7, 1095).—6. A further quantity of bromine 
idded to a solution la CS, forms C„H,,Br„; 
vhite needles (from alcohol).—7. Iodine at 100 s 
iolymerises it.—8. Cono. Ill at 100° forms a 
lydrocarbon (? C,,H rJ ) (o. *270°).—9. Cone. III 
(20 pts.) at 280° produces naphthalene di-hydride 
and ethane.—11. Potassium gives off hydrogen, 
forming C I2 H„K (Berthelot). 

ACENAPHTHYLENE Cl.-H, i.e. C 10 H,:C,H.,; 
probably 


pa. Schiff, A. M0 104); (21°) at 22 mm., (50-5 
at 121 mm., (102-22) at 760 mm. (Kablbaum 
S.G. ¥ -8314 (Brflh^n -8319, % -8233 (Perkin; 
j--7364 (So.). V.D. 4-141. Critical lemperatu: 
254-4° (Pawlewski, B. 16, 2833). S. 4-(Tat 25 
^S®-)- ft# 1'38C. Bo, 52-52 (B. 
M.M. 6-968 at 16-1° (f.). ' 

Occurrence.— In crude spirit, after filterir 
through charcoal (Geuther, A. 126, 63). 

Formation. — 1 . By the imperfect oxidatio 
of alcohol (Doebereiner; Liebig, A. 5, 25 ■ 1- 
156; Stas, A. Ch. [3] 19, 146; Wurtz, A. Ci 
[3] 48, 370; A. 108, 84). Hence its occurrenc 
in raw spirit and in old wines.—2. Bv action < 
chlorine on alcohol: 



[93°] (265°-275°). 

Preparation. —Aeenaphthene (6g.) is put into 
a combustion tube, and the rest of the tube filled 
with litharge. The aeenaphthene is heated 
strongly, and the vapours pass over the litharge, 
which must not*e red hot (Blumenlhal, B. 7, 
1092 ; Behr a. Dorp, B. 6, 753). 

Properties.— Largo golden plates (from alco¬ 
hol). Is partly decomposed by boilingi V. c. sol. 
alcohol, ether or benzene. 

Reactions. —1. Sodfaiy/1 amalgam reduces it, 
in alcoholic solution, to aeenaphthene.—2. Chro¬ 
mic mixture oxidises it to naphthalie acid.— 
3. Combines, in ethereal solution, with bromine , 
forming 

.CHIBr 
C,A / | 

\CIIBr 

[121°-123°]. This forms white needles (from 
benzene mixed with alcohol). Chromic mixture 
oxidises it to naphthalie acid. Alcoholic KOI! 
oonyerts it into bromo-acenaphthylene, 
yCRr 
C,„H, <J 
'OH 

This is aliauid, but its pierate forms yellow 
needles. Ikimo-accnaphthyleno is converted by 
bromine into orange-rod platos of di-bromo-ace- 
naphthylene, 

XBf 

OisHjBr <; B 

. • M3H 

P*craf&—C 14 H S C S H,(NO,) 1 OH[202°], Yellow 
neealeg. V. si. sol. cold alcohol. m 

* A0KT ACETIC ACID v . Aceio-aoktic Aoid. 

ACETAL C,H„0, U OH,.OH(OEt),— Di- 
UJ%l-acetal, di-ethyl aldchydate (v- Aldehyde). 

JW .119* Jl<W°) (Stafl); (108-2 J fat 762 mm. 


30,11,0 + Cl,= C„H h 0 2 + 2HC1 + HjO. 

3. One of the products of action of alcohol o 
ethyl di-bromo-acetate (Kessel, B. 11, 1917 

4. By passing non-inflammable PH, into a mis 
ture of equal volumes ol aldehyde and alcohc 
at -21° (K. Engel a. Do Girard, C. B. 91, 692 
C. J. 38, 458). 

Preparation.—I. From Alcohol.—L By im 
perfect oxidation under the influence of plati 
num-black. Fragments of pumice are moistenei 
with nearly absolute alcohol in a wide-mouthe< 
flask, the upper part of which is filled witl 
shallow glass capsules containing platinum 
black, and the flask, covered with a glass plate 
is left in a room at 20° till nearly all the alcohol 
is converted into acetic acid. Alcohol of 60 p.o 
is. then poured in, and the flask, again covered 
with the glass plate, is exposed to the same tem¬ 
perature for a fortnight or three weeks, by whici 
time the liquid above the pumioe will have be. 
come viscid. This liquid is then poured off, mow 
alcohol is added, and this coarse of proceeding 
is repeated till a few litres of very acid liquid 
have been obtained. This product is saturated 
with potassium carbonate, dried with caloium 
chloride, and about a fourth of it is distilled off; 
the distillate is treated with calcium chloride; 
the lower layer of liquid—consisting of aldehyde, 
ethyl acetate, and alcohol—is again mixed with 
calcium chloride, and distilled till the distj)late 
no longer rluuces#ilver nitrate; and the residue 
is treated with potash-lye, washed, dried with 
calcium chloride and rectified (Stas).-*-2. By 
distilling alcohol (2 pts.) with manganese dioxide 
(3 pts.), sulphuric acid (3 pts.), and water (2 pts.), 
and rectifying the produot, which consists of 
acetal mixed with aldehyde, ethyl acetate, &o., as 
above.—3. By passing chloijne throughalcohol 
of 80 p.o. cooled to between 10° and IB 0 till a 
portion becomes turbid on addition of water, in¬ 
dicating the formation of substitution-products. 
One fourth of the aoid liquid is then distilled 
off; the distillate is neutralised with chalk; a 
fourth part again distilled oft; and the disffiate, 
consisting of alcohol, ethyl acetate, aldehyde, 
and acetal, is treated as above to separate the 
acetal (Stas). According to Lieben {/L+Ch. [3] 
52, 313), the ohief products of the action of 
ohlorino on 80 p.o. alcohol mono- and di- 
chloracetal. • 

l II. From Aldehyde.—1. By passing gaseous 
hydrc%en chloride into a mixture, of 1 vol. aide- 
hydo and 2 vol. absolute alcohol, cooled by a freez¬ 
ing mixture, whereby the compound 0,11,010 
is obtained, as an ethereal liquid fioathrg on tha 



ACETAL. 


aqueous hydrochloric acid, and treating this 
oompound with sodium ethylate: 

C,H,0 + 0..H.0 + HC1 ~ H,0 + C.H.C10 •, 
and C,H,CfO + C,H i ONa=.NaCl + C,H,,0, 
(Wurt».a. Frapolli, C. B. 47, 418; A. 108,223). 

2. By treating aldehyde with PBr s ,;yhereby it is 
eonverted ih!o ethylideno hforaido, and acting on 
this compound with sodium ethylate: 

CHMeBr,+2NaOEt - 2NaBr + CHMe(OEt), 
(W. a. P.). 

Properties.-— Colourless liquid, less mobile 
than ether, having a peculiar agreeable odour 
and refreshing taste, with an after-taste like that 
of hazel-nuts. Separated from aqueous solution 
by calcium chloride and other soluble salts. 
Miscible with ether or alcohol. 

Beaclions. —1. Not altered by mero exposure 
to air, but quickly oxidised in contact with pla¬ 
tinum-black to aldehyde and acetic acid. Oxi¬ 
dised also by nitric and by chromic acid. —2. Not 
decomposed by caustic alkalis if air is excluded. 

3. Forms substitution-products with chlorine. 

4. Strong sulphuric and hydrochloric acids dis¬ 
solve and decompose it, the mixture turning 
black.—5. Dilute acids, even in the cold, split up 
acetal into alcohol and aldehyde.—C. A solution 
of acetal does not give tho iodoform reaction, 
unless it be first acidified (Grodzki, B. 10, 512). 

7. PCI. forms CH,CHC1.0Et, EtCl and FOCI, 
(Buchanan, A. 218,38).—8. Heated with glacial 
HOAc it forms acetio ether, thus : 

CH,.CH(OEt), + 2AcOH ■» 

CH,CHO + H,0 + 2AcOEt. 

9. Does not reduce AgNO,Aq.—10. Chromic 
mixture forms acetic acid.—11. Heated with 
MeOH it is almost completely converted into 
EtOH and CH,CH(OMe),.—12. Heated with 
PrOH it is mostly unchanged, but some 
CH,.CH(OEt)(OPr) and some CH,CH(OPr), are 
formed.—13. Healed with iso-amyl alcohol it 
behaves as in 12. 

References. —Homologues of acetal are de¬ 
scribed under the aldehydes, to which they cor¬ 
respond. Bromo- and chloro-acctals are described 
under bromo- and chloro-acetic aldehyde. For 
oxy-qcetal v. glycollic aldehyde. 

ACETALDEHYDE v. Alde ¥ tde. ' 

ACETAMIDE C,H s NO i.c. NILAo or 
CH,.COfNH,—Amide of acetic acid. M.w. 59. 
[83°] (Hofmann, II. 14, 272D) (222’ cor.). S.G. 
i 1’169 (Schroder, B. 12, E62). It,- 21’35 in a 
34-p.e. aqueous solution (Ivunonnikolf, J. pr. [2] 
31,347). Discovered by Dumas, Malaguti, and 
Leblanc in 1847 (C<,R. 25, 657). 

Formation. —1. By heating ethyl acetate with 
strong aqueous ammonia at 120° 

AcOEt + NH, = AcNH- + HOEt. 

2. By action of ammonia on acetic anhydride : 

Ac,0 + 2NH,=,NH i Ac + AcONH,. 

8. ByMiatillation of ammonio acetate: 

AcONH, ■» AcNH, + H,0 (Kundig, A. 105, 277). 

4. When dry NaOAc (580 g.) is distilled with 
NH,C1 (22£ g.) very little acetamide (70 g.) is 
got : the distillate is chiefly NH, and acid am¬ 
monio acetate, rihfcb boils at 145°. 

Preparation.— 1. Acetio ether and aqueous 


ammonia are left in a closed vessel until the ether pforrqyd in nodular groups of needles (1808), sol 


has disappeared, c The product is distilled. 

2. Glacial acetio acid (1 kilo.) is saturated with 
dry NH a and the product distilled in a current 
of dry NH.. Above 190° acetamide (460 g.) comes 


over; the first distillate (below 190°) is treated 
in the same way; it gives mog) acetamide (170 g.). 
A third repetition of this operation gives more 
aoetamidfl (110 g.). Total yield: 740 g. (Keller, 
wL pr. [2] 81, 864).—3. A&moMio chloride and 
Bodio aoetate are fixated in an eflamelled iron 
digester for six hours at 230’. The p?oduct is 
distilled (Hofmann, B. 16, 981).—4. A mixture 
of ammonio aoetate (20 g.) and acetio anhydride 
(26 g.) yields on distillation 96 p.c. (12 g.) of 
acetamide (Schulze, J.pr. [2] 27, 612).—5. Am¬ 
monio sulphocyanide (1 mol.) is boiled for four 
days with glacial acetio acid (21 mols.): 
NH,CNS + 2AcOH = 2AcNH, + COS +11,0 (S.). 

Purification.— Acetamide can be freed from 
ammonic acetate by drying over lime (Menschut- 
kin, J. 11. 17, 259). 

Properties. —White hexagonal soales, smell¬ 
ing like excrement of mice. Deliquescent. V. 
e. sol. water. Conducts electricity and is easily 
electrolysed. 

Reactions. —1. Besolved by distillation with 
P,O s into water and acetonitrile, C,H,N.—2. With 
P-Sj it also yiolds acetonitrile, giving off H,S, and 
leaving a blackish tumefied residue.—3. Heated 
in dry HCl-gas it yiolds: a. A liquid distillate 
consisting of acetic acid with a small quantity 
of acetyl chloride; b. A crystalline distillate of 
(C,HjNO),HCl, and a compound of acetamide 
and diacetamide CjHjNO.CjHjNO,, tho latter of 
which may be dissolved out by ether; c. A non¬ 
volatile residue of acetamidine hydrochloride 
mixed with sal-ammoniac: 

2C.,H i NO + HC1 = C,H a N,HCl + 0,11,0, 
(Strecker, A. 103, 328).—4. Acetamide heated 
in sealed tubes with saturated hydriodic acid 
yields ammonia, acetic acid, and ethane: 

2C ,H s NO + 311. = 0,11,0, + 2NH, + C,H, , 
(Berthelot, Bl. (2J 9, 183).—5. With CS, at 
about 210° it gives off H,S, COS, CO, and pro¬ 
bably ethane, leaving ammonium sulphocyanide 
mixed with undccomposed acetamide: 

2C,H s NO + CS, = NH..SCN + COS + CO t C,H, 
(Ladenburg, Z. [2] 4, 051). V. Aldehydes. — 
6. Nascent hydrogen (copper-zinc couple or 
sodium-amalgam) forms somo alcohol and alde¬ 
hyde (Essner, Bl. [2] 42, 98).—7. Heated with 
NaOEt at 180’ it forms ethylamino (Seifert, B. 
18,1357).—8. With ethyl orlhoformate at 180° 
acetamide yields ethyl alcohol and diacetyl, 
formamidine: 

2NH,Ac + CH(OEt),=SEtOII + N,(CH)Ac,H. 
Another reaction, however, takes place at tho 
same time, producing alcohol, ethyl acetate, and 
formamidine: , 

2NH,Ac + CH(OEt),** 

EtOH + 2EtOAc + N,(CH)H, 
(Wichelhaus, B. 3, 2).—9. Acetamide heated in 
sealed tubes with bemaldehyde is converted into 
benzylidene-diacetamide: S . 

2NH,Ac + PhCOH = H,0 + PhCH(NHAo),. 
With aldehyde in like manner, it yields 
MeCH(NHAc), Marge prisms (169°), partly de¬ 
composed by distillation, and giving off aldehyde 
whon treated with aoids (Taw(ldjrow a B. 5,477). 
With anisaldehyde the compound CuI^NjO, is 


uble in water, insoluble in alcohol and ethefl 
decomposed by HOI, not altered by boiling with 
potash (Schuster, Z. [2] 6,681). With salicfiic 
aldehyde a yellow neutrif body is formed (Cred- 



ACETAMIDINE. 


Mr, ib. 80). With chloral Acetamide unites 
directly, forming* the crystalline compound 
CyijNO.CjHCljOrte. Chloral),— 10. Heated with 
mesityl oxide it forms a basio substance, C,H„NO, 
• oxu-hydro-aolliiHne.’ A yellowish liquid 
(176°-180°) ^Canzoneri a. |pica, 0. 14, 349). r 

Combinations. — Acetamide unites directly 
wit)} the stronger agids. The hydrochloride 
(NHjAo)^HCl is formed by passing gaseous HC1 
into its solution in ether-alcohol. Long needles 
(from alcohol); insol. in ether.—NHjAoHCl 
(Pinner a. Klein, B. 10, 1890).—The nitrate, 
NHjAoHNO, [98°], separates from a solution 
of acetamide in strong HNO,. It is very acid, 
and is deliquescent. 81. sol. ether. Gives off 
C0 2 , NjO and UNO, when heated. 

Salts. —AcNIIAg. Scales.—(AeNII).Hg. Six- 
sided prisms [195°]. Both formed by dissolving 
the oxides in acetamide.—(AcNII)..Zn. Prom 
ZnEt. and acetamide. Amorphous. (Frankland.) 

Chioro-acetamides,—The amides of the chloro- 
acetic acids are described under those acids. 
Aceto-chloro-amide NAcCIH [110°] is formed 
by passing chlorine into fused acetamide, or by 
pouring aqueous HC1 upon aceto-bromo-amide • 

2NAoBrH + HC1 = NAcCIH t NAcH, + Br, 
(Hofmann, B. 15, 410). Sol. ether. Split up 
by HC1 into chlorine and acetamide. 

Bromo-acetamides v . Bbomo-acetic acids. 

Aceto-bromo^imide 

NHBrAc [108°]. NHBrAc aq. [70°-80°]. 
Formed by adding aqueous KOII to a solution of 
Br (1 mol.) in acetamide (1 mol.). Striated 
rectangular plates (from ether). 

Reaction: . 1. Boiled with water it forms 
acetamide, Br, HBrO, methyl-acetyl-urea, and 
methylamine.—2. Heated with Ag a CO, it forms 
methyl cyanate: 

• 2CH-CO.NlIBr + Ag.CO, ™ 

2CH a NCO + 2AgBr + CO, + 8.0. 

3. Boiled with KOHAq it forms Hllr, CO., and 
methylamine, the methyl cyanate formed ac¬ 
cording to the last reaction being decomposed 
in the usual way.—4. Acetamide and NaOHAq 
form methyl-acetyl-u^a.—5. Ammonia reacts 
violently, thus : 

SNAcHBr + 5NH, - 3NAcH, + 3XII.Br + N,. 

6. Aniline forms acetanilide and tri-bromo- 
aniline.—7. Phenol gives tri-bromo-phenol and 
acetamide (Hofmann, B. 15, 407). 

Salts.— NAcBrNa. Hair-like neodles, ppd. 
byconc.NaOH. NAcBrNaBr.aq. Made by adding 
cone. NaOH to a mixture of acetamide (1 mol.) 
and bromine (1 mol.). Rectangular plates. De¬ 
composed by water into NaBr and aeeto-di- 
bromo-amidc. 

Aceto-di-broma-amide NAcBr., [100°]. 
Made by adding aqueous KOH to a dilute solution 
of bromine (Imol.)andbromo-acetamide (lmol.) 
(Hofmann|B. 15,413). Golden needles or plates; 
sol. warm water, alcohol, or ether. Boiled with 
water, it gives HBrO, NAcBrH, and NAoH.. 
Potash decomposes it into nitrogen, acetic acid 
and potassio hypobromite. H. W. 

Bromo-chlaro-acetamide v . Culoro-broho- 

AOBTIC ACJD. 

^do-acetamide v. Io do-acetic acid. a t 
i Di-acetamide NAo,H. M.w. 180 [82°]1210°’ 
216°). 

.$ Preparation. —1. The ethereal solution of 
the crystalline oompdhnd of aceStmide and di¬ 


acetamide got by heating acetyunide in a current 
of HC1 ( v. Reaction 3), deposits, when gaseous 
HC1 is passed thfcugh it, spicular crystals of 
acetamide hydroohloride, and the filtrate yields, 
by evaporation over H a 80„ crystals i ' 


mide.- 
HOAc, or 


!. By 
race! 


diaceta- 

ly heating acetonitrile with glaoial 

--- „Jetamide with Ao,0 at ?50° (Gautier, 

Z . 1809, 127).—3. By boiling methyl-acetyl-urea 
with Ac.,0 (Hofmann, B. 14, 2731). 

Properties. — Long needles (from ether). 
Neutral. V. e. sol. water, v. sol. alcohol or ether. 
Does not combine with acids, so that HC1 gives 
no pp. in an ethereal solution. 

Reactions.— 1. By boiling with acids or by 
healing with ZnCl. it is resolved into acetic acid 
and acetonitril.—2. Fuming HNO, reacts, giving 
off N.,0. H. W. 

Tri-acetamide NAc, [79°].—Formed in small 
quantity when a mixture of acetio anhydride and 
acetonitrile is heated to 200°, and may be dis¬ 
solved out by ether after the exoess of Ao,0 has 
been distilled off. Whiio flexible needles [78°- 
79°]. Neutral. Gently warmed with silver oxide 
it yields silver acetate; so likowise do aceta¬ 
mide and diacetamide (Wichelhaus, B. 3, 847). 

H. W. 

Tri-acet-di-amide N a Ac,H, [212°-217°]. — 
This is the compound of acetamide and di-acet¬ 
amide mentioned under acetamido (Reaction 8) 
and di-aectamide (Preparation 1). 

Di-azo-acetamide v . Azo compounds. 

Ethyl-acetamide v . Ethyl-amine. 

Methyl-acetamide v. Mkthyl-amine. 

Phenyl-acetamide v . Aniline. 

ACET-.—If compounds whose names begin 
with aert or accto are not here described, remove 
this prefix and look for the remaining word, 
changing the termination idc, if present, into ine. 

ACETAMIDINE CJl.N, i.e. CH,.C(NH).NH, 
Acediamine, Ethenyl-amidine, Acet-imid^imide 
(Streeker, A. 103,328; Hofmann, B. 17,1924).— 
The hydrochloride of this base is left as a residue 
when acetamido is distilled in a current of HC1 
( v . Acetamide, Reaction 3). The mass is extracted 
with alcohol, which leaves NH,C1 behind. 

Properties. —When liberated from solutions 
of its salts, it splits up into ammonia ai!d am¬ 
nionic acetate. 

Salts. - B'HCl: prisms (from alcohel), [165°], 

—(B'HCI).J?tCI,: yellowish-red prisms. 

—B'jHjSO, : pearly lamina. 

Reactions.—1. The hydroohloride boiled with 
Ac.0 and NaOAo for 1) hours fonn3 anhydro- 
di-acetyl-acet-amidine and anhydro-di-acetyl- 
acet-amidii (Pinner, B. it, 173).—2.#F. Aoaxo- 
aceiic ether, Reaction 25. 

Anhydro - di - acetyl - acetamidine C,H,N,0 
[253°].—Prepared as just stated, the product 
being treated with Muemis NaOH and the pp. 
boiled with water, which dissolves the ‘fftnidii, 1 
but not the amidine. 

Silky needles (from aloohol). Insol. water, 
si. sol. cold aloohol, v. sol. hot alcohoj, v. e. sol 
dilute aeids. Forms a platino-chloAde. 

Anhydro-di-acetyl-acet-qpidil C,H 11 N,02aq. 

XNH.CO.CH 

[185°]. Obtained as above. Nodules of small 
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prisms. Loses 2ag over H,80,. SI. sol. cold 
water, v. sol. hot water, v. e. sol. aloohol and in 
dilate adds. Forms a platinlm salt. 

ACETAMIDOXIM v. Ethknyl-amidoxw. 

ACETANILIDE v. Aniline Acetyl deriva¬ 
tive. 

ACETIC ACID OM,«' CH..CO.OH or 
AoOH.— Methane carboxylic acid, Pyroligneous 
acid.— M.w. 60 [16-5°] (Zander), [17-5°] (Sonstadt, 
C. N. 87,199). (118*29°) (Z.), (117-5°) (Schiff.). 
Critical temperature 821-6° (Pawlewsky, B. 16, 
2684). S.G. Solid. § 1-0701 (Z.); V 1-0607 
(Mendelieff, J. 1860,7). S.G. Liquid. 10576, 
< 1*0548, 10503 (Pettersson, J. pr. [2] 24, 

801) j 1-0495 (Briihl); at boiling-point -9325 
(Ramsay, C. J. 35, 463). V.D. 29-7 at 250° and 
upwards. C.E. (0°-10°) -00106 (Z.). H.F.p. 
105,290. H.F.V. 104,130. S.H. (between 0° and 
100°) *497. Latent heat ot fusion ior 1 mol. (at 
1-5° to 4-2°) 2619. ft, 1-3765. R™ 20’69 (B.). 
M.M. 2-526 (Perkin). S.V. 64-3 (B.). 

Occurrence. —In the j uices of plant s, especially 
Of trees, and in certain animal secretions. 

Synthesis. —1. From acetylene (i.e. from C 
and H) by converting that hydrocarbon into 
ethylene by direct addition of hydrogen, then 
the ethylene into alcohol, and oxidising the 
alcohol; or more simply by heating acetylene 
dichloride with aqueous potash at 230’ or with 
alcoholic potash at 100' for ten hours: 

GJiA + SKHO = CjH, 0 2 K + 2KC1 + H.O 
(Berthelot, Z. (2] o, 683).—2. When a mixture, 
1 vol. acetylene and 2 vols. air, is exposed to 
daylight over dilute potash-lye, the acetylene is 
slowly oxidised to acetic acid, which is absorbed 
by the alkali: C..H„ + O + KOH = C.,H ; ,0.,K (Ber¬ 
thelot, A. Ch. [4J 23, 212).—3. From sodium- 
methyl anjJ carbonic acid: 

CH,Na + CO, = CH,.C0 2 Na 
(Wanklyn, A. Ill, 234).—4. By boiling aceto¬ 
nitrile (methyl cyanide) with potash : 

CHjCN + KOH + H z O = CH.CU.K + NH S 
(Frankiand a. Kolbe, A. 65, 298).— 5. By passing 
CO over sodium methylate at 160°: 

v CHjOKa + CO = CH a CO a Na , 
(FrOhlich, A. 202, 294). 

Formation.— 1. By dry distillation of organic 
bodies, especially wood.—2. By the action of 
atmospheric oxygen, chromio acid, nitric acid, 
hypochlorous acid, and other oxidisers, on al¬ 
cohols and other organic bodies, especially under 
the influence of ferments which act us carriers 
of Oxygen.ty-3. By thrf action of KOH or NaOH 
at a high temperature on various organic bodies, 
e.g. tartaric, citric, and malic acids, sugar, alco¬ 
hol, Ac.—4. In various processes of fermentation 
and putrefaction (J. 18W, 1017,1019,1023). 

Prefaralion. —1. By oxidation of ethyl al¬ 
cohol, the alcohol being first converted into 
aldehyde: CjH s O + 0 = H S 0 + 0,11,0, and the 
aldehyde then oxidised to acetic acid. 1'he oxi¬ 
dation maV He effected: 

a. By the inflwc^e of spongy platinum. If 
a tray containing this sub^ance be placed over 
a dish containing a little alcohol, the whole 
being covered with a bell-glass open belov^as 
well as at the toj5, on gently warming the dish 
the alcohol will be rapidly oxidised, acetio acid 
condensing in abundance on the inside of the 


jar. Much of the aloohol is, however, converts) 
into aldehyde and lost by volatilisation. 

b. Under the influence ot ferments. This i 
the ordinary process of making vinegar iron 
ajcoholio liquids, wine being generally, used fo; 
the purpose in FrancSand GermanyPand malt ii 
England. The most favourable temperature ii 
25°-80°. The experiments of Pasteur hjtvi 
shown that the oxidation of aloohol in the ordi 
narv process of vinegar-making depends essen 
tially on the presence of a fungoid plant callec 
Mycoderma vini, Mycoderma aceti, or 1 mother 
of-vinegar,’ and is invariably preceded by it: 
development on the surface of the liquid. II 
appears to act like platinum-black, as a carriei 
of oxygen. The plant may be sown on the sur. 
face of the liquid by introducing a small portion 
of it from another vinous liquid already in the 
fermenting state, or by simply exposing the 
liquid to the air in which the germs of this 
fungus, as of many others, are always floating. 
Like all other plants, it requires food for its de¬ 
velopment, and this it finds in the albuminous 
matter and mineral salts contained in ordinary 
vinous liquors. If these are absent the plant 
cannot grow, and aeetification cannot take place. 
Thus, pure aqueous alcohol may be exposed to 
the nir for any length of time without turning 
acid, because the germs of the mycoderma which 
fall into it from the air remain barren for want 
of nutriment. Moreover, pure aqueous alcohol 
may be acetified without the aid of any albu¬ 
minous matter, provided tho mycoderma have 
access to it, and be supplied with the nitrogen 
and saline matters necessary for its growth. 
Pasteur has in fact shown that this nutriment 
may be supplied in the form of alkaline and 
earthy phosphates and ammonium phosphate, 
the latter furnishing the nitrogen Under these 
circumstances the mycodorm grows, though los3 
quickly than in ordinary vinous liquids, and the 
alcohol is slowly converted into acetio acid. If 
the mycoderma be allowed to remain in the liquid 
after the aeetification is complete, tho whole of 
the acetic acid may bo dfetroyed and tho liquid 
rendered perfectly neutral. (Pasteur, Atu0.es sur 
le Vinaigrc, Paris, 1868; also A males Scicnti- 
fiques de I’A'cole normale supiricure, tome i. 
1861; Bl. 1861, p. 94; J. 1861, 720.) 

Malt Vinegar is prepared from a fer¬ 
mented wort obtained by mashing malt, or a 
mixture of malt and raw barloy, with water, aa 
in brewing. 

Quick Vinegar Process. —The oxidation of tho 
alcoholic liquor may be greatly accelerated by 
allowing it to trickle down in a fine showor over 
chips of wood covered by the mycoderma, and 
exposed to an upward current of air. 

Wood Vinegar—Pyroligneous Acid. —Th* 
greater part of the acetic acid now u£ed in arts 
and manufactures is obtained by the destructive 
distillation of wood. The wood is heated in large 
iron cylinders connected with a series of con¬ 
densers. The watery liquid which condenses in 
the receivers, consisting of watei, tar, methyl 
alcohol or wood-spirit, methyl acetate and acetio 
Mid, is redistilled after separation of tho Aar, 
tne wood-spirit passing over among the first 

S ortions of the distillate and the aootio or pyro- 
gneous acid afterwards. The acid thus 0 W 4 
tained is coloured and has » strong tarry flavour. 
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not removable by distillation. To purify it, 
the ornde Uquor ^saturated with lime, which 
removes part of tlft tarry matter, the rest re. 
maining in solution with the calcium acetate. 
The liquid, darned bjr repose or by fiS-ation, is 
evaporated in*au iron pot (a half its bulk, and< 
mixed with enough hydrochlorio acid to give a 
Blight acid reaction, wljpreupon the greater part 
Of the tarry matter separates, and may be skimmed 
ofl the surface. The hydrochloric acid also de¬ 
composes certain compounds of lime with creo¬ 
sote and other volatile substances, which may 
then be expelled by heat. The calcium acetate 
thus purified is completely dried and distilled 
with hydrochlorio acid. The density of the 
noetic acid thus obtained is about TOfi. If it 
contains hydrochloric acid it may be purified by 
redistillation with addition of a small quantity 
of sodinm carbonate, or, better, 2 or 3-p.c. potas¬ 
sium dichromate, this latter at the same time 
destroying certain organic impurities which give 
the acid a peculiar odour (Volckel, A. 82, 49). 
Crude wood vinegar contains small quantities of 
propionic, n-butyric, n-valerio, and two crotonic 
acids (Grodzki a. Kramer, B. 11,1356). 

Crystallisable or Glacial Acetic Acid 
—the pure acid, CjH^, so-oallcd because it 
crystallises at ordinary temperatures—is ob¬ 
tained : 1. From the ordinary aqueous acid by 
fractional distillation, repeated till the residue 
solidifies on cooling. 2. By distilling certain 
dry metallic acetates with strong sulphurio acid 
or with hydrogen potassium sulphate, 

2C 2 H,K0 2 + I1.SO, = KjSO, + 2C.,H,O a ; 

and Oftm, + HKSO,=K 2 SO, + Cil,0 2 . 

8. Together with acetone and other products, 
by dry distillation of cupric acetate (Spiritus 
JSruginis or Sp. Ycncris). 

• Physical Properl ids,—The solid acid forms 
prismatic or taoular crystals. TliotUquid acid 
is transparent, colourless, and mobile. Vapour, 
density at 250° and upwards is 2-08 (air = 1) or 
29'7 (H ~ 1), which is nearly half the molecular 
weight of the acid, showing that at those high 
temperatures the vapotr exhibits the normal 
condensation. But at temperatures nearer to 
the boiling-point the density of the vapour is 
much greater, showing a condensation to I! vol. 
or even less (Caliours, C. It. 11), 771; 2<K 51). 
The pressure of the vapour of solid acetic acid 
is 1-3 mm. at-5-7°, 2-0 min. at 0“, and 9-5 mm. 
at 16-4°; the vapour-pressure of liquid acetic 
acid being 3-2 mm. at 0°, 0-3 mm. at 10°, 11-8 
mm. at 20°, 11)'3 mm. at 30° (liamsay a. Young, 
O.J. 47,45). _ J b 

Glacial acetio acid has a pungent sour taste 
and odour and blisters the skin. It docs not 
redden litmus paper per sc, but reddens it 
strongly when mixed with water. It does not 
attack CaCfi, until water is added. It is hygro¬ 
scopic. * 

Aqueous Acid.— Acetio acid mixes with 
water in all proportions. IJJie density of the 
aqueouB acid does not vary in proportion to the 
amount of rcs^ acid present; and consequently 
the strength of any sample cannot be inferred 
from its density, but must be determined bv 
ditrafon with standard alkali. The foUfcwin? 
table has been constructed in this manner by 
stf anAM)^''' * or temperatures 0°, 


Density of Aqueous Acetic Acid (Oudemans). 


O.H.O, 

• 

Density 


p. O. 

At 0° 

»tis» 

at 40® 

V 

0 

»9999 

0-9992 

* 0-9924 

l 

I'OOIG 

’ 1-0007 

0-9936 

2 

10033 

1-0022 

0-9948 

3 

1-0051 

1-0037 

0-9960 

4 

1-0069 

1-0052 

0-9972 

5 

1-0088 

1-0067 

0-9984 

6 

1.0106 

1-0083 

0-9966 

7 

1-0124 

1-0098 

1-0008 

8 

1-0142 

10113 

10020 

9 

1-0159 

1-0127 

1-0032 

10 

1-0176 

10142 

1-0044 

11 

1-0194 

1-0157 

1-0056 

12 

1-0211 

1-0171 

1-0067 

13 

10228 

1-0185 

10079 

14 

1-0245 

10200 

1-0090 

15 

1-0262 

10214 

1-0101 

1G 

1-0279 

1-0228 

1-0112 

17 

1-0295 

10242 

1-0123 

18 

1-0311 

1-0256 

1-0134 

19 

1 0327 

10270 

1-0144 

20 

1-0343 

10284 

1-0155 

21 

1-0359 

1-0298 

1-0166 

22 

1-0374 

1-0311 

1-0175 

23 

1-0390 

10324 

1-0187 

24 

1-0405 

1-0337 

1-0197 

25 

1-0420 

1-0350 

1-0207 

26 

1-0435 

10363 

10217 

27 

1-0450 

1-0375 

1-0227 

28 

1-0465 

10388 

1-0235 

29 

1-0479 

1-0400 

10245 

30 

1 0493 

1-0412 

1-0255 

31 

1-0507 

1-0424 

1-0264 

32 

1-0520 

10436 

10274 

33 

1-0534 

1-0447 

1-0283 

34 

10547 

10459 

1-0291 

35 

1-0560 

10470 

1-0305 

36 

10573 

1-0481 

10308 

37 

10585 

1-0492 

10316 

38 

1-0598 

10502 

10324 

39 

1-0610 

10513 

1-0332 

40 

» 1-0622 

10523 

1-0349 

41 

10C!?4 

10533 

1-0348 

42 

1-0646 

1-0543 

140355 

43 

1-0657 

1 0552 

1-0363 

44 

1-0668 

1-0562 

1-0370 

45 

1-0679 

10571 

1-0377 

46 

1-0690 

10580 

1-0384 

47 

1-0700 

1-0589 

1-0391 

48 

1-0710 

1-6698 

1-0397 

49 

1-0720 

1-0607 

1-0404 

50 

1-0730 

1-0616 

1-0410 

51 

10740 

1-0623 

10416 

62 

1-0749 . 

f0631 

1-0423 

53 

10758 

1-0638 

1-0*9 

54 

1-0767 

1-0646 

10434 

55 

1-0775 

1-0053 

10449 

56 

1-0783 

1-0660 

1-0445 

57 

1-0791 

1-0666 

• 1*0459 

58 

1-0798 

1-0B* 

1-0455 

69 

1-0806 

. 1-0679 

1-0460 

60 

1-0813 

1-0685 

1-0464 

W 

1-0820 

1-0691 

1-0468 

62 

1-0826 

l-0btr 

1-0472 

63 

1-0832 

1-0702 

• 1-0475 
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t Density 



at 0° 

Itl6° 

at 40* 

64 1 

1-0838 

1-0707 

1-0479 

65 

<1-0845 

1-0712 

“ 10482 

86 

1-0851 

130717 

1-0185 

67 

1-0856 

1-0721 

1-0488 

68 

1-0861 

1-0725 

10491 

69 

1-0866 

1-0729 

10493 

70 

1-0871 

1-0733 

1-0495 

71 

1-0876 

1-0737 

1-0497 

72 

1-0879 

1-0740 

1-0498 

73 

1-0883 

1-0742 

1-0499 

74 

1-0886 

1-0744 

1-0500 

75 

1-0888 

1-0746 

1-0501 

76 

1-0891 

1-0747 

1-0501 

77 

1-0893 

1-0748 

1-0501 

78 

1-0894 

1-0748 

1-0500 

79 

1-0896 

1-0748 

1-0499 

80 

1-0897 

1-0748 

1-0497 

81 

1-0897 

1-0747 

1-0495 

82 

1-0897 

1-0746 

1.0492 

83 

1-0896 

1-0744 

1-0489 

84 

1-0894 

1-0742 

1-0485 

85 

1.0892 

1-0739 

1-0481 

86 

1-0889 

1-0736 

1-0475 

87 

1-0885 

1-0731 

1-0469 

88 

1-0881 

1-0726 

1-0162 

89 

10876 

1-0720 

1-0155 

90 

1-0871 

1-0713 

1-0447 

91 

— 

1-0705 

1-0438 

92 

— 

1-0696 

1-0428 

93 

— 

1-0686 

10416 

94 

— 

1-0674 

1-0403 

95 

— 

1-0660 

1-0388 

96 

— 

1-0644 

1-0370 

97 

— 

1-0625 

1-0350 

98 

— 

1-0604 

1-0327 ' 

99 

— 

1-0580 

1-0301 

100 

— 

10553 

1-0273 


The maximum density corresponds at 0° to 
about 81 p.c., and at 40° to about 76 p.c. Ortho- 
acetic acid, OH,C(OH)j, would contain 77 p.c. of 
HOAc. i 

Reactions. —1. Vapour inflammable, burning 
with Mpe flame to water and CO..— 2. Tartly 
decomposed by passing through a red-hot tube 
yielding carbon and combustible gases, together 
with acetone, benzene, phenol, and naphthalene 
(Berthelot, A.Ch. [3] 33,295).—3. Dropped upon 
not ZnClj it gives CO, CO„ C,Ii„ C,H„ isobu¬ 
tylene, Mtd a little GH 4 (Lebel a. Greene, Am. 2, 
26).—4. Passed over zinc dust at 300°-350° it 
gives hydrogen, acetone, CO, and some propylene 
(Jahn, M. 1, 683).—5. Mixes with strong sul¬ 
phuric acid without devolution of gas, but the 
mixtve becomes hot, afid if further heated 
gives off CO, mixed with S0 2 . Dissolves 80, 
without giving off gas, forming sulpho-acotio 
acid. Not sensibly altered by nitric acid. —6. 
Periodic acid converts it into carbonic or formic 
acid, with formation of iodic acid and separation 
of iodine.—7. With chlorine in sunshine it forms 
mono- and tri-chloro-a!etic acids (q .«.), the 
one or the other predominating according as 
the acetic acid>o*-the chlorine is in excoSB—8. 
Heated with bromine in a scaled tube it forms 
mono- andai-bromo-acetic acids. Not acted upon 


by iodine, even in sunshine.—9. With PCI, it 
forms AoOl, HOI, and POCl. a With PCI, it reaots 
thus: 3AcOH + 2PC1, - SAjci + P,0, + 8HC1.— 
10. With P s S, theproduots arethio-acetio acid and 
phosphoso oxide: SAcOHg- P,S a = P„0, + SAcSH. 
ill. With ehromyl*diehloride CrQ,,CS, it forma 
the compound Cr s 0,(C 2 H,0,)„8H,0 (Ktard, A, 
Ch. [6] 22, 286). « 

Detection. —The solution supposed to cdhtain 
acetio acid or an acetate is acidified with 
H.SO, and distilled. The distillate, if acid, is 
neutralised with KOH and should then give the 
following tests: (1) FeCl, a brown-red colour, 
and a pp. on boiling. (2) AgNO, a white floccu- 
lent pp., sol. hot water, separating in spangles 
when tho solution cools. (3) Evaporate to dry¬ 
ness, mix with As.,0, and heat: a disgusting 
odour of cacodyl is perceived. 

Aoetio Arid Dibromide C^,O r Br, [37°] ia 
formed ou treating acetic acid with bromino in 
presence of a small quantity of carbon bisulphide. 
Orange-red needles or thick roseate prisms, very 
deliquescent; dissolving in water with great fall 
of temperature and separation of bromine, in 
alcohol, benzene, and glacial acetio acid with 
partial formation of substitution-products. At 
100’ dissociation first takes place, but finally 
HJJr and C,H,13rO, are formed. 

Compounds of acetic acid with Br and HBr. 
On adding bromine to well-cooled glacial acetio 
acid saturated with HBr, the whole solidifies to 
a mass of thick, rather largo, tabular, crystals, 
which when dried have tho composition 
(C.11,0.)J3r,HBr; they fume in the air, molt 
and decompose at + 8°, and are decomposed by 
water and by potasli-lye, yielding (C 2 H,0 2 ),.Br, 
and KBrO,. Heated in a sealed tube, they 
yield bromacctic acid (Steiner, 73. 1874, 184). 
The compound (C,H,0,)..Br,.HBr has also 
been prepared by Hell a. MiihmSuser (B. 1878, 
241), who by using larger quantities of bromine 
have further obtained (C 2 H ( 0,),Br s (BrH) 2 in 
radiate groups of hard roseate crystals, which 
may be dried in tho lime exsiccator. 

Acetates.— Aceticucid is monobasic, the 
general formula of its normal salts being: 

»»>(CH 3 .COO).-B(»'A'. 
the symbol R<“> denoting an n-valcnt radiclo 
metallic or alkylic, and A' standing for 0,11,0,. 

METALLIC ACETATES.—The nor¬ 
mal acetates all dissolve in water, and most 
of them readily. Tho least soluble are the silver 
and mercury nails, so that solutions of other 
acetates added to mercurous nitrate or silver 
nitrate throw down white shining scales of mer¬ 
curous or silver acetate. But for the most fart 
acetates are formed not by precipitation, but by 
the action of acetic acid on metallic oxides or 
carbonates; many carbonates, however, those of 
barium and calcium for example, erg not decom¬ 
posed by acetio acid in its most c&ncentrated 
state. All acetates are decomposed by heat, most 
of them yielding carbon dioxide, acetone and an 
empyreumatio oil. Those which are easily de¬ 
composed, and likewise contain bases forming 
stable carbonates, are almost wholly resolved into 
, acetone and carbonate, e.g.: 

- 0 Ba(0. CO. Me), ~ COMe, + BaCO,. 0 0 
Those which, like the potassium and sodium 
salts, require a higher temperature to decom^jBe 
them, yield x^pre complqj products, but always a 
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oertaln quantity of acetone. Among the products aqueous solution known in the Pharmacopoeia os 
are found methyl efiyl ketone and methyl propyl Spiritus Uindereri is prepared by saturating 
ketone, together with dumasm C s H J# 0 (Fittig, aqueous acetic acid with ammonia or ammonium 
4.110,17). Acetates containing weake| bases give carbonate. The acid salt NH 4 HA' ? (145°) is ob- 
o£f part 04 the acetic%cid undeoomposed, the re» tained as a crystalline sublimate with evolution of 
i'iaining poiron being^resowed into acetone ana ammonia bv heating powdered ammonium chlo- 
carbonio anhydride, or if the heat be strong, yield- ride with potassium ^r calcium acetate (u. Acst- 
ing gmpyreumatic oil Aid charcoal: the residue amide). When commercial ammonium acetate 
consists sometimes of oxide, sometimes, as in the is dissolved in its own weight of glacial acetic 
caseof copperandsilver,of reduced metal; inthis acid, an acid salt is obtained in long needles, 
case part of the acotic acid is burnt by the oxygen having the composition 2NH,A'3HA' (Berthelot, 
abstracted from the metal. The decomposition Bl. 24,107). 

of silver acetate may be expressed by the eijua- Barium Acetate BaA'.giq, prepared by do- 
tion: composing the carbonate or sulphide with acetic 

4CH,.COjAg - 3CH,.CO.,H + C0 2 + C t4Ag acid, is obtained, on evaporating the solution at 
(Twig a. Hecht, B. 10, 238). Acetates heated a gentle heat, in flattened prisms; and on cool* 
with a large excess of fixed caustic alkali, are ing to 0°, in monoclinic prisms, BaA'.3aq. The 
resolved at a temperature below redness into crystals dried at 100 ° yield the anhydrous salt 
marsh gas and alkaline carbonate, e.g. : as a white powder, resolved at a high temperature 

KO.H.O., + KOH = KjCOj + CH t . into barium carbonato and acetone. S.G. (of 

Acetates distilled with sulphuric acid and alco- BaA' 2 aq) 2-02; (of BaA'J 2-47 (Schroder). V. e. 
hoi yield ethyl acetate. The acetates of the sol. water, insol. alcohol, 
alkali-metals, and probably others also, treated Acid Sails.— BaA'„IIA'2aq.—BaA' s 2HA'2aq. 
with phosphorus oxychloride, yield acetyl cblo- (Villiers, El. 30,177; C. H. 85, 1231). 
ride, together with a tribasio phosphate: Double Salt.— BaA'(NO,)4aq (Lucius, A. 103, 

3NaOAo + POC1, = 3A c Cl + Na s PO t . 113). 

Many acetates may bo decomposed by water Bismuth Acetate separates in micaceous 
into acetic acid and metallic oxide. This de- Iuminaj from a warm mixture of bismuth nitrate 
composition in the case of aluminic and ferric and potassium acetate. Acetic acid mixed with 
acetates occurs at 100°, whileat 175° the acetates a solution of bismuth nitrate prevents the pro¬ 
of Mn, Co, Ni, Zn, Ur, Cu, and Ag, as well as cipitation of that salt by water, 
ferrous and mercuric acetates, are slowly de- Cadmium Acetate CdA' s 3aq. — Monoclinio 
composed (Biban, C. It. 93, H40). prisms. V. e. sol. water, deliquescent and difli. 

Aluminium Acetates—The normal salt A1A ' 3 cult to crystallise (Hauer, Sits. B. 16,131). S.G. 
exists only in solution, being decomposed on 2-01 (dry, 2-34, Schroder), 
evaporation. The solution, which is much used Calcium Acetate CaA'./q. Small efflorescent 
as a mordant in dyeing and calico-printing, and needles. V. sol. water, si. sol. aloobol. S.G. of 
is called ‘red liquor’ because it yields madder aqueous solutions of CaA ' 2 at 17*6° (Franz, J.pr. 
refts and pink% may be formed bv dissolving .[ 2 ] 5 , 298): 
freshly precipitated aluminium hydroxide in 
strong acotio acid, or by precipitating a solution 
of normal aluminium sulphate with lead acetato: 

Ai,(SO t ), + 3PbA' s =. 3PbSO, + A1 2 A' S . 

When quickly evaporated at a low temperature, 
by spreading it out in*thin layers on glass or 
porcelain, it leaves a soluble basic acetato: 

A1 2 Oj.2C,H s Oj.4H.jO or Al 2 0(AcO),.4H,0, 
forming a gummy mass perfectly soluble in 
water j but, if heated, or left to evaporate at ord. 
temp., it deposits insoluble basio salts, containing 
in the first oase two, and in tho second fivo mo- CaCO, and acetone, 
leculcs of water, instead of four. The soluble Acid salt CaA'-HA'l^aq. Hygroscopio. 
acetate exposed in dilute solution to the tempera- Double salt CaA' 2 CaCl 2 10aq. Monoolimc 
ture of boiling water for several days, undergoes prisms, permanent in air. 
a remarkable change, tho whole or nearly the Cerous Acetate Ce 2 A* 3aq fornti radiate 
w&ole of the acid being expelled and a peculiar groups of small needles, which become anhydrous 
modification of alumina remaining dissolved (y. in dry air without losing their crystalline form; 
Aluminium) (Walter Crum, C. J. 6 , 216). A after drying at 115° they carbonise at a higher 
dilute solution of aluminic acetate, free from temperature withou^/usmg, and when strongly 
alkali, mtulbe boiled without a pp. being formed heated leave a residue of oerous oxide ff-arge, 
(Beinitzef, M. 3, 259). J. pr. 82, 129). _ 

Ammonium Acetates.—The normal salt NH 4 A' Chromium Acetates.—The chromous sal^ 

[89°], obtained by saturating*glacial acotic acid CrA' 2 aq, obtained from tho chloride by deoom- 
with dry ammonia-gas, is white, odourless, ex- position with potassium or sodium afietate, forms 
tremely solubfc, and difficult to crystallise, its red transparent crystals whjoh when moist ab- 
aqueous solution when evaporated giving off sorb oxygen very rapidly from the air, sometimes 
ammpnia and leaving the aoid salt (Berthelot) taking fire (Peligot, A. Gh. [3] 12, 641).— Nor. 
«B{.ffli,440; Smit, Bl. 21,539; Bahrmannl/.pr. mal^Ghromic Acetate Cr 3 A'„2aq is obtained by 
[21 27, 296). When distilled with phosphorio evaporating a solution of chTofiiio hydroxide in 
■•hydride it loses 2 mol. water, and gives oft acotio aoid, as a green orystallino m*s, insoluble 
scetonitrile C 2 H,N - JiH.O.H.O^ 2H 2 0. The in alcohol. Its aqueous solution, green by w- 


P.C. 

S.G. ! P.C. 

S.G. 

P.C. 

S.G. 

1 

1-0066 11 

1-0527 

21 

1-0925 

3 

1-0198 13 

1-0597 

23 

1-1027 

5 

1-0330 15 

1-0666 

25 

1-1130 

7 

1-11394 17 

1-0750 

27 

14248 

9 

1-0158 ;• 19 

10834 

29 

1-1366 


* 


Calcic acetate splits up on distillation into 
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fleeted, red by transmitted light, is not decern* Tribasie: 2CuO.GuA' a 2afl ~ %CnOA6*0\tM 
poaed either by boiling or ^addition of lime- ~2(H0.CuA')Cu(0H),. # 

water; but ammonia throws down from it a They are contained in common verdigris 
green precipitate of chromio hydroxide, soluble (vert-de-gT$s)> a substanoe obtained by exposing 
in exoes^/H. Schiff, A . Ch. [8] 71,140; Schtitz- plates of copper to Uie air fn coiftant with acetic 
enberger, BL [2j 4, 86). The eolutiqp of the nor- acid, and much ubotI as a pigment and as a 
mal acetate heated for several days with excess mordant in dyeing wool black. There are two 
of ohromio hydroxide loses its acid reaction, and varieties of this substaice, the blue an& the 
yields by evaporation a green powder soluble in green, the former consisting almost wholly of 
water, consisting of a basic acetate Cr^A^OH)* dibasic cupric acetate, the latter of the sesqui- 
Sohiff, *4.124, 1G8). basic salt mixed with smaller quantities of the 

Chromic Diacetotctrachloride , Chr ? A / JI Cl 4 is dibasic and tribasie acetates. The dibasic salt 
obtained by dissolving Cr 2 OCl 4 in strong or blue verdigris is prepared at Montpellier and 
acetic acid. It is an unstable salt, which gives in other parts of the south of France, by ex- 
off acetic acid when heated above 100°. The posing copper to the air in contact with fer* 
chlorine is but very slowly precipitated from it inenting wine-lees. The same compound is ob- 
by silver nitrate at ordinary temperatures, but, tained by exposing copper plates to damp air 
on the other hand, the salt easily yields acetic in contact with normal cupric acetate made into 
ether when heated with sulphuric acid and a paste with water. It forms delicate, silky, blue 
alcohol (Schiff), — Chromic Diaceto-sulphate crystalline needles and scales, which yield a 
CftftAVSOJ, obtained by dissolving chromic beautiful blue powder. They contain 6 mol. 
disulphate in acetic acid, is a crystalline salt water, which they give off at 60°, and are then 
which becomes anhydrous at 100 % and gives off converted into a green mixture of the monobasic 
acetic acid at a higher temperature (Schiff).— and tribasie salt. 

Chromic Pentaceio-nitrate Cr 2 A' 4 N0 3 4aq is ob- Green Verdigris is manufactured at Grenoble 
tained by mixing a solution of chromio hydroxide by frequently sprinkling copper plates with vine* 
in a slight excess of acetic acid with a solution gar in a warm room; and in Sweden by dis- 
of the same quantity of chromic hydroxide in posing copperplates in alternate layers with flan - 
the exact quantity of nitric acid required to nels soaked in vinegar, 
dissolve it. The concentrated solution, when Calcio-cupric Acetate C&MnCuM.Jd&q, obtained 

left to itself, deposits an abundant crystallisation by heating a mixture of 1 mol. CuA' 2 and 1 mol. 
of a dark green salt, which may be purified by Ca(OH) 2 with 8 pts. water and sulliciont acetic 
recrystallisation from water or from glacial acetic acid to dissolve the precipitated CuO, and evapo- 
acid. It forms dark green bulky lamina?, which rating the filtrate at 25°-27°, crystallises in large 
give off nitrous fumes at 100°, the chromium blue square prisms, slightly efflorescent, giving 
being at the same time converted into trioxide, off acetic acid and falling to powder at 75°; 
(Schiitzenberger). readily soluble in water. Another calcio-cuprio 

Cobalt Acetate CoA' 2 4aq.—Bed needles. acetate often exists in crystallised verdigris. 9 
Copper Acetates.—The cuprous salt Cu 2 A' 2 Cupric * Aceto-arscnitc CuA' 2 3Cu(As0 2 ) 2 .— 
sublimes towards the end of the distillation of Schweinfurt green , Imperial green , Mitis green, 
normal cupric acetate. According to Berzelius, and when mixed with gypsum or heavy spar, 
it is contained in green verdigris and sublimes Neuiccidcr green , Mountain green. Used as a 
on distillation. Soft loose white flakes which pigment, and prepared on the large scale by 
redden Utmus and have a caustic astringent mixing arsenious acid §dth cupric acetate and 
taste. Decomposed by water, yielding normal water. 5 pts. of verdigris are made up to a thin 
ouprie acetate and cuprous oxide. ^ paste, and added to a boiling solution of 4 ptB. 

The normal cupric salt CuA' 2 aq is prepared or rather more of arsenious acid in 50 pts. 
by dissolving cupric oxide or common verdigris of water. The boiling must be well kept up, 
in hot a<»tic acid, or by decomposing noimal lead otherwise the precipitate assumes a yellow-green 
acetate with cupric sulphate. Dark-green mo- colour, from formation of copper arsenite; in 
noclinic crystals (S.G. 1*9), efflorescent, soluble that case acetic acid must be added, and the 
in 14 pts. cold and 5 pts. boiling water, sparingly I boiling continued a few minutes longer. The 
also in alcohol, insoluble in ether. The solution • precipitate then becomes crystalline, and ac- 
boilcd wi^h grape-su^ar yields a rod precipitate quires the fine green colour peculiar to the aceto- 
of cuprous oxide. Cupric acetate crystallised, at arsenite. The salt is insoluble in water, and 
a temperature near 8° yields crystals contain- when boiled with water for a considerable time, 
ing CuA'gSH^O. A solution of cupric acetate becomes brownish and gives up acetic acid, 
heated in a sealed tub«at 200° forms crystallised Acids abstract the whole of the copper, and 
cupraiss oxide and cupric ^lycoliate (Caseneuve, aqueous alkalis first separate blue^ cupric hy- 
C. R. 89, 625). ^ droxide, which when boiled with rot liquid is 

Acid Cupric Acetate CuA' 2 HA'aq (Vil- converted into cuprous oxide, an alkaline arsenate 
liers, O. R. 85,1234). being formed at the same time. 

Basks •Cupric Acetates. —These salts Didymium Acltate DiA',4aq. S.G. 1*882. 
magr be regardeditacompounds of the normal salt S.V. S. 207*8.-DiA'jaq. Bed needles. S.G. 
with CuO, as compounds of Ac 2 0 with CuO, or, 2*237. S.V.S. 160*6 (Cldve, Bl. fSj 43, 365). 
by taking account of waflr of crystallisation, as Erbium Acetate EbA',4aq. — Isomorphoua 
aceto-hydrates, e.g.: •with^lidymium acetate (Thomsen, B. 6, 742). 

Sesquitasio* *u0.2CuA' 2 .6aq» • Iron Acetates.— Ferrous acetate FeA' 2 4a<f, 

8Cu0.jyLc 2 0.6Aq«=2CuA / (0H).CuA' 3 .5aq. obtained by dissolving iron or ferrous sulpbtifo 
Dibasic : CuO.CuAi6Aqss2CuOA0gO.6aq- in strong acetic acid, separates on concentration 
2(HO.Cu^)5aq. in small colot&ieas silky needles, which distolt* 



AOETIO ACID. 

Itt w»Mr ani quickly absorb oxygen from 
the air. ' % 

FsrrioAcetate is not kndwn in the solid state 
»» a salt of constant composition. The dark 
red solution of lerrio%ydroxide in aoetio acid 
(Liquor ferrit&etici) oontait#a basic salt. The 
followings baste ferrie acetates have been dia- 
*“8awhed: Fe^' (OH)# obtained by dissolving 
at 50° the ferric hydroxide from 1 pt. Fo in 10 
pts. aoetio aoid of 30 p.o. and evaporating at 
70 . Amorphous, soluble in alcohol and water 
(Ondamans, /. 1858, p. 282),-Fe 1 A' J (OH) 3 , pro- 
bably contained in the red solution formed on 
beating Fe,A',{OH)Cl 2 (infra) with silver oxide. 

Becomes syrnpy in a vacuum but does not 
crystallise; decomposes quickly at ord. temp., 
forming an oohreous jelly (Scheurer-Kestner).— 

Pe 2 A j(OH).2PejO s is the ochreous deposit 
formed in a solution of ferrous acetate exposed 
to the air. Other basic salts appear to bo formed 
in the decomposition of the normal salt by heat 
or otherwise, A solution of ferric acetate, quito 
free from other salts, is not ppd. by boilinc 
(Beinitzer, U. 3, 257). fa 

Acctonitrates (Kcstner, A. Ch. [3] 63, 422: 

68, 472; J. 1861, 307).—Formed by mixing so¬ 
lutions of ferric nitrate and acetate in various 
proportions, or by dissolving ferric hydroxide in 
various mixtures of acetic and nitric acids. 

Mostly very unstable, decomposed by boiling 
irithwator.—FeA',(OH) a NOj forms deep red flat- 
iened prisms, vory soluble in water and in alco- 
rol,insol.in ether.—FeA 3 ,(0H)N0 3 4aq forms red- 
irown rhombio prisms, sol. in water and alcohol, 
locomposing on flight rise in temperature. The 
liformi-diaccto-nitrate Fe a (COH)„ (OAc) 2 (NO,),, 
s very soluble in water and alcohol, insol. in 
ithjjr, vory unstable. 

, Acetochlorulem — Fe s A' a Cl a (OH)3ag is ob¬ 
tained on cautiously adding nitrio acid to a 
solution of Fed. in acetic acid at 80°; also when 
ferric hydroxido (1 mol.), acetic acid (1 mol.), 
and hydrochlorio acid (1 mol.) are digested 
together at 40° for two or three days. Very hard 
crystals, black by reflected, red by transmitted 
light, very soluble in water. With silver oxide 
they yield ferric triacetate (K.j SchitI, A. Ch. 

[3] 60, 136).—Fe,A',CL, obtained by dissolving 
1 mol. ferrio hydroxide in a mixture of HC1 (2 
mol.) and C-11,0. (4 mols.), or by oxidising ferrous 
chloride dissolved in very strong acetic acid 
with nitric acid. Yellowish-red crystals, sol. in 
water and in alcohol, easily resolved into acetic 
acid and FajA'.jOHJCl,. Heated at 50° for 
twelve hours with silver nitrate, it i3 converted 
into ferric tetraceto-dinitrate : 

FejA'.Clj + 2AgNO s = 2AgCl + Fe.A'dNOA.. 
lanthanum Acetate LaA'.liaq. — Small 
needles (C15ve, Bl. [2J 21,196). ‘ 

Lead AgAates, or Plumbic Acetates. —The 
normal salt PbA' v 3aq, Sugar of lead, Sel sac • 
elmnim Batumi, [75°] S.G. 2-5.—Prepared by 
,' s ® o vln g lead oxide or earbonftte in aoetio acid 
(Wiohmann, J. 1853, 738). 

Properties. 4Monoclinio efflorescent crystals, 
easily voluble in water and in spirit of ordinary 
etrengUi, insoluble in oold absolute alcohol, epm- 
i Jr “ eh J rdrated 6y prolonged boiling with ab- 
ioluge alcohol. An aqueous solution saturated at 
l e'Tipntalng 387-623g. salt in a litre, and has aden- 
«*y ot 1-2367 (Michel a.*Kraft, /. 1854, p. 296). 


Density of the Aqueous Solution at 14°. 
(Qudemans, F% 7, 419 i J. 1868,29.) 


Oryat.Sftltp.o. 

Density 

Cryst.Salt p.c. 

Density 

i 

* 1-0057 

! 20 

/I-1399 

5 

1-0317 » 

25 

1-1808 

10 

1-0659 

1 30 

1-2248 

15 

1-1018 

83 

1-2625 


Normal lead acetato melts at 75°, begins tc 
give off water with a portion of its acid a little 
above 100°, and is completely dehydrated at 280°, 
Above that temperature it decomposes, giving 
off acetic acid, carbonic anhydride, and acetone, 
and leaving metallic lead very flnely divided and 
highly combustible. The aqueous solution is 
partially decomposed by the carbonio acid oi 
the air, carbonate of lead being precipitated, and 
a portion of acetic acid set free, which prevents 
further decomposition. The solution is not pre¬ 
cipitated by ammonia in the cold, but yields 
crystals of lead oxide when heated with a large 
excess of ammonia. Normal lead acetato forms 
crystalline compounds with chloride and peroxide 
of lead ( Gm. 8, 310). Bromine added to a solu¬ 
tion of the normal salt throws down a brown 
precipitate of Pb0 2 , which, if the liquid be 
warmed, continues to form till 2 at. Br have 
been added to 2 mol. PbA' 2 . The solution then 
contains lead bromide and acetic acid: 

2PbA' a + 2H.0 + Br 2 - PbO. + PbBr., + 4HA' 
(Chapman a. Smith, 6. J. ‘22~, 185). 

Basio Lead Acetates. — Pb„A',(OH), 
formed by repeatedly drenching the normal salt 
with absolute alcohol; the residuo crystallises 
from hot absolute alcohol in nacreous six-sided 
plates, easily soluble in wnter, sparingly in cold 
alcohol (Plochl. B. 13, 1047).—PbA',Pb02aq. 
Lead-vinegar, Acetiim Saturni. Prepared by 
dissolving litharge in the aqueous normal salt, 
and evaporating at a gentle heat, whereupon it 
crystallises in needles. According to Wittstein 
(A. 52,253) the crystals contain only 1 mol. H a O. 
Easily soluble in water and in alcohol of 90 p.c. 
Beads alkaline. Decomposed by CO.. A so¬ 
lution of this salt mixed with alcohol forms 
Goulard's lotion.— PbA' 2 2PbOaq, obtained by dis¬ 
solving PbO in normal lead acetate, or by mixing 
a solution of the normal salt with ammonia. 
Crystallises in silky needles, soluble in 5-55 pts. 
water at 100°, insoluble in absolute alcohol 
(Payen, A. 25,124 ; A. Ch. [4] 8, 6; Lowe, J. 
pr. 98, 385; J. 1866, 235). “ » 

An Aceto chloride CIPbA' is formed by heat¬ 
ing recently precipitated lead chloride with nor¬ 
mal lead acetate and acetic acid at ISO 3 , and 
crystallises in monoclisiio prisms. Decomposed 
by water into lead chloride and the more sorable 
salt PbA' 2 ClPbA'. The analogous compounds, 
BrPbA' and IPbA' obtained in like manner, form 
small monoclinio crystals (Carius, A. 12§, 87), 
Sodio- and Potassio-plumbic Acetates. — 
PbA'jNaA'iJaq. Monoclinic oifAala (Rammels- 
, berg, J. 1855,503).-Pb^2Pb04KA' is formed on 
padding potash-lye (S.G. 1'06) with agitation to 
' a boiling solution of normal Igpd acetate (S.G. 
1-25 to 1-80). Crystalline pulp, modetately so¬ 
luble in water (Taddei, X 1847-8, 548f. 
Accto-formate (CH0 2 )Pb 1 (0 2 H I O t ) 1 2aq. 



ACETIC ACE). 


Needles, easily soluble in water, sparingly in 
alcohol (Plflcbl. B. 13,1646). 

lithium Acetates. —*LiA'2aq. Ehombio 
prisms [c. 70°]. Dissolves in less than ^ pt. 
water at 16°; in 4-64 pts, alcohol oi density 0-81 
at 14° (tleisch. Zeilschr.f. Phyaik, 4,108). Ac¬ 
cording to itammelsberg ^1.56,22? 1, the orystals 
contain only 1 mol. H,0.—LiA'HA, obtained by 
spontaneous evaporation o£ a solution oi the 
normal salt in glacial acetic acid [99°]. Ko- 
iates on water. Under somewhat different cir¬ 
cumstances it crystallises in small four-sided 
plates, containing Aq and melting at 85° (Les- 
cceur, Bl. 24, 616). 

Magnesium Acetate MgA' 2 4aq. — S.G. 1-45 
(Schroder). Monoclinic, slightly deliquescent, 
very soluble in water and in alcohol (v. Hauer, 
J. 1855, 601; Patrouillard, C. It. 84, 553). 

Manganous Acetate MnA'.Aaq.— Pale red 
transparent monoclinic plates, permanent in the 
air, soluble in 3-3-6 pts. water, also in alcohol. 
S.G. 1-6 (SchrSder). 

Acid Salt MnA' a HA'2aq (Villiers, Bl. 30,177). 

Manganic Acetate MnA'„2aq.—Browncrystals 
(Otto, A. 93, 372; Christensen, J.pr. [2J ‘28,14). 

Mercury Acetates.—1. Hg,A' 2 . Obtained by 
preoipitation. Micaceous scales. S. -75 at 13°. 
—HgA'j. Brilliant micaceous lamina;. S. 25 at 
10°, 36 at 19°, 100 at 100‘. Dissolves with par¬ 
tial decomposition in 17-7 pts. alcohol (S.G. 
■811) at 19° (Grn. 8, 332).—An aceto-sulphide, 
HgA'jHgS, is precipitated, on passing H„8 into 
a solution of mercuric acetate, as a white crys¬ 
talline powder.— Mercuro-diammonium Acetate 
N,H,HgA' s H 2 0. Rectangular plates; easily so¬ 
luble in water, nearly insoluble in alcohol; 
smells of acetic acid, and decomposes gradually 
on exposure to the air (Hirzel, J. 1851, 437). 

Nickel Acetate.—Apple-green prisms, sol ulde 
in 6 pts. cold water, insoluble in alcohol (Tup- 
puti, A. Ch. 78,164). 

Potassium Acetates. — Normal salt KA'. 
Terra foliata tartari.— S. 188 at 2’; 229 at 
13‘9° ; 492 at 62° (Osann). A boiling saturated 
eolution contains 8 pts. salt to 1 pt. water, and 
boils at 169° (Berzelius). Soluble in 3 pts. cold 
ana 2 pts. hot alcohol. Exi|ts infcnany plant- 
juices. White, difficult to crystallise, extremely ■ 
deliquescent, insoluble in ether. Chlorine passed 
into its aqueous solution liberates C0 2 and forms 
a bleaching liquid. On passing an electric 
current through a concentrated aqueous solu¬ 
tion of the salt, hydrogen is evolved at the 
negative pole, and at the positive a mixture of 
ethane%nd CO... itie principal decomposition is; 
2(CH ! .CO i H) = C H, + 2C0 2 + H,, methyl oxide 
and acetate being secondary products (Kolbe, A. 
69, 257). On passing COj-gas into a solution of 
the salt in alcohol 8f 92-100 p.c., a large quan- 
tifJM potassium carbonate is thrown down, and 
ethyl acetate is formed (Pelouze, A. 5, 265). 

Add Potassium Acetate KA'JfA' is formed 
when (he normal acetate is evaporated with an 
excess ot strong acetio acid, and separates in 
needles or laauitiffi, or in long flattened prisms. 
Very deliquescent; gjelts at 148°, and de¬ 
composes at 200°, giving off pure AcOH. This 
affords an easv method of obtaining (glacial 
acetic acid. * Acid potassium acetate is also 
formed When the normal salt is distilled with 
butyrio or valeric acid; but neither of these 


acids decomposes the salt thus produoed. Henc 
when butyrio or valeric aoiefia mixed with aceti 
acid, a separation more or less complete may h 
effected jj>y half neutralising the liquid wit 
potash and distilling, K the«acetic acid is i: 
excess, acid potasHum aoetate alone remains be 
hind, the whole of the butyrio or valeric aei< 
passing over, together Aith the remainder,#! th 
acetic acid. If, on the contrary, the other aoii 
is in excess, it passes over unmixed with aceti* 
acid, and the residue consists ot potassiun 
acetate mixed with butyrate or valerate. Byre 
peating the process a certain number of times 
either on the acid distillate or on the acid sepa 
rated from the residue by distillation with sul¬ 
phuric acid, complete separation may be effected 
Acetic acid, therefore, is an exception to the rule 
that when a mixture of fatty acids and their po¬ 
tassium salts isboiled the most volatileacids distil 
over (Liebig, A. 71, 355).—KA'2HA' [112°]. S.G. 
1-4, Deliquescent plates (Lescceur, Bl. 22,156). 

Anhydrous Potassium Diacetatc or Potas¬ 
sium Pyroacetale K 2 C,H,jO, = 2KOAo.Ac a O, pre¬ 
pared by dissolving melted KOAo in boiling 
acetic anhydride, forms colourless needles very 
soluble in water, less deliquescent than normal 
potassium acetate. Decomposed by heat, giving 
off Ac.,0 (Gerhardt, A. Ch. [3] 37, 317). 

Bhodium Acetate RhA',2iaq (Claus, J. 1860, 
213). 

Bubidium Acetate BbA'.—Plates (Grandeau, 
J. 1863,184). 

Samarium Acetate SmA' 3 4aq.—S.G. 1-94. 
S.V.S. 205-0. Yellow crystals (Cieve, Bl. [2] 43, 
171). 

Silver Acetate AgA' (S. 1-02 at 14°) sepa¬ 
rates on mixing the concentrated solutions of 
AgNOj and NaOAo. Dissolves in hot watei( and 
on cooling separates as naorcoos flexible laminae. 
Heated with iodine it is resolved into silver 
iodide, methyl acetate, hydrogen acetate, C0 2 . 
acetylene,and hydrogen (Bimbaum, A. 162, 111). 
When dry, it combines with NH„ forming 
AgA'2NH a (KeychlcrJS. 17, 47). 

Sodium Acetates,—NaA'3aq. [58°] (128°). 
S.G. 1-4. S. 26 at 6°, 42 at 37°, 69 at 48° 
(Osann). S. (alcohol of S.G. -8322) 2-1 at 18°. 
Crystallises with 3 li t) in monoclinio prisms, 
melting below 100°. According to Reischauer 
(J. I860, 50), the crystals give off the whole of 
their water in a vacuum at ord. temp. The 
fused salt in damp air quickly takes up about 
7ILO, forming a supersaturated solution, whereas 
the’unfused salt takes up from the air only the 
original 3H a O. When the aqueous Bolutipn of 
NaA' turns mouldy, oxygen is absorbed, and small 
quantities of alcohol and formic acid are pro¬ 
duced (Ib'chanip, . 6, 438). 

The S.G. of solutions containing the follow¬ 
ing percentages of NaA'is given l$»Franz (J.pr. 
[2] 6, 297) as follows: 


P.C. 

S.G. ( 

P.O. 

S.G. 

P.C. 

S.O. 

1 

1-0058 

11 

1-059V 

21 

1-1134 

3 

1-0174 

13 

1-0697 

28 

1-1264 

£ 

1-0292 

15 

1-0802 

25 

J-1874 

1 

1-0390 

17 

1-0910 

27 

T[16M 

9 

1-0488 

19 

1-1018 

29 

1-^038 


The S.G. <&a saturated solution being 1-1842. 
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Acid Sodium Acetatee {Villiers, Bl. 29,153; 
30,175 ; 0. B. 85,1814; Lesecsnr, Bl. 22, 156). 
—NaA'HA'aq. Cubio (Fehling).—NaA'2HA' or 
NaA'2HA'aq. Long needles. [127°]—. 

6NaA44HA(6aq.-»4NaA'HA'llaq.- 
» # *6NaA'2HA'l£%. 

The three'last are, perhaps, mixtures. 

Stwntlum Acetates %rA', Jaq.—Below 15° 
it crystallises with 4Aq in monoclinio prisms. 

An aceto-nitrate N0,SrA'i}H 2 0 forms triclinic 
crystals (Hauer, J. 1858, 281; Zepharovicb, /. 
1860, 309). Villiers (Bl. 30,176) describes the 
following acid acetates: 

SrA'sHA'2aq. SSrA' 2 4HA'6aq. 2SrA' s 3HA'liaq. 

Thallium Acetates.— Thallous acetate T1A'. 
White siliy needles, easily soluble in water and 
in alcohol, and deliquescent (Crookes, C. J. 27, 
149). 

Acid Salt TIA'HA' [64°J (Lescoeur, Bl. 24, 
516). 

Basic Thallic Acetate T1A', 2T1 (OH), l^aq. 
Colourless plates, readily resolved into acetic 
acid and tliallic oxide. 

Tin Acetates.—Tin dissolves slowly in boiling 
acetioacid, with evolution of hydrogen, and stan- 
, nous hydroxide dissolves readily in the boiling 
acid, the solution when evaporatod to a syrup 
and covered with alcohol yielding small colour¬ 
less crystals. Stannio hydroxide also dissolves 
in the acid, the solution when evaporated leaving 
a gummy mass. Stannic chloride forms a crys¬ 
talline compound with glacial acetic acid. 

Uranium Aoetates ,—Uranous acetate. Warty 
groups of green needles.— Uranic acetate or 
Uranyl acetate UO,A',, obtained by heating 
uranic nitrate till it begins to give off oxygen, 
dissolving the yellowish-red mass, which still 
contains NO„H, in warm concentrated acetic 
acid, and evaporating to the crystalltaing point. 
Crystallises from Btrongly acid smutions in 
yellow transparent monoolinic prisms,containing 
UOjA' 2 2aq, which dissolve in boiling water with 
separation of XJO„ but are reproduced on evapo¬ 
rating the solution. A weaker solution cooled 
below 10° deposits qusaratio octahedrons of 
XiOjAVlaq, which give off 1 mol. 11,0 at 200°, the 
rest at 275°. Double Salts.— NH 4 A'UO a A 2 3aq, 
NaA'UOjA', (regular tetrahedrons), and 
KA'DOjA'jSq (quadratic prisms), aro obtained 
by adding the respective alkaline carbonates to 
a solution of uranic acetate till a precipitate is 
formed consisting of alkali-metal uranato, redis¬ 
solving this in a slight excess of acetio acid, and 
cooling to crystallisation. The other double 
sal(p of the group are formed by boiling the 
oarbonates with uranio acetate till all the UO, 
is precipitated, redissolving in acetic acid and 
evaporating.—BaA',2UOjA' s 6aq. Small yellow 
crystalline spangles, easily soluble in water; 
give off theft crystal-water at 276° (Wertheim, 
J. pr. 29, 227).-CaA' s 2UO ? A' ! 8aq. Sulphur- 
yellow rhombic orystals, easily solublo in water, 
permanent in the air, becoming anhydrous at 
200°(Weeelsky, J.pr. 75,55).—CdA' s 2UO,A'„Eaq. 
Diohroio crystal*.— PbA',UOsA'j 6aq. Tufts of 
pale yellow needles.— MgA'j2UOsA', 8aq. Kect- 
angular prisms.— NiA' a 2U0 2 A' 2 7aq. Emerald-! 
(jtemrrhombio crystals.— SrA',UO,A’, 6aq.*Sul- 
phjft-yellow orystals. — ZnA',200A'i 8aq. Sul¬ 
phur-yellow crystals, isomorphous with the 
nickel salt' . 


MnA'jUOjA', 6aq‘. FeA',TJO,A', 7aq. 

TIAOTOjA'j 2aq. - LiA'UO,A', 3aq. 

BeA'jUOjA', 2aq? AgATJOjA', aq. 

Zino Aoetate—ZnA', 3aq. [236°-257°] S.C 

1- 72.—ZnA'„ [242°] S.G. 1'84.—Monoclinio It 
pninra. Very soluble in water. May be,„bblime 

as ZnA'„ espclially in.vacua (FrancHimont, 1 
12, 11). ZnA' 2 may he crystallised, in anhy 
drous state, from HOAo (Peter a. Bocbefontaim 
Bl. [2] 42, 573). 

Yttrium Acetate YA' S 8aq(?).—Isomorphon 
with the acetates of didymium and erbinn 
(Cldvc). 

ALKYL ACETATES. Acetic Ethers. 

Methyl Acetate CJI,0 2 or MeA'. M.w. 74 
(55°) at 754-4mm. (B. Sehiff); (56-3°) at 760mm 
(Kopp) ; (57-3°) (Gartenmcisler) ; (57'5°) ai 
760 mm. (Elsasscr, Perkin). S.G. § "9643 (G.) 

2 -9577 (E.); U ’9398 (V .); -{ -9039 (Briihl): 
U -9286 (P.); -8825 (S.). V.D. 2-563 (foi 

2- 564). C.E. (0^-10’) -00133 (G.); -00136 (E.) 

S. 33 at 22° (J. Traubo). S.V. 83-66 (S.) -, 83-2 
(G.); 83-77 (E.). 1-3654. E*, 28'78 (B.). 

H.F.p. 90,720. H.E.v. 94,980. M.M. 3-362 at 
22° (P.). 

Occurrence. —In crude wood-vinegar (Weid- 
mann a. Schweizer, P. 43, 593). 

Preparation.—1. By distilling 2 pts. wood- 
spirits with lpt. very strong acetic acid and lpt. 
strong sulphuric acid, removing the excess of 
wood-spirit by means of fused calcium chloride, 
and rectifying over sodium carbonate (Dumas a. 
Peligot [1835], A. Ch. [2] 58,46). 2. By heating 
H,SO, (50 c.c.) and MeOH (50 c.o.) to 140° and 
running in slowly a mixture of equal parts of 
MeOH and HOAo (Pabst, Bl. [2] 38,350). 8. By 
distilling 3 pts. wood-spirit with 14-5 pts. dried 
lead acetate and 5 pts. Btrong sulphuric acid, 
agitating the distillate with milk of lime, treating 
the supernatant oil with calcium chloride, and 
rectifying (Kopp, A. 55,181). 

Properties. — Colourless fragrant liquid. 
Soluble in water; mixes in all proportions with 
alcohol and ether. 

lteactions. —1. Aqueous solution only slightly 
decomposed by boiling.—2. Besolved by caustio 
alltalis inti methyl alcohol and acetio acid.—3. 
When poured on pulverised soda-lime it is 
violently decomposed, with formation otsodium 
acetato and formate, and evolution of hydro¬ 
gen.—4. With sodium it reaots like ethyl acet¬ 
ate ( q . «.), yielding as chief products sodium 
methylate, NaOCH, and methyl sodio-aceto- 
acetate, COMe.CHNa.COOMe.—5. Decomposed 
by strong Bulphurio acid, beAming hot, giving off 
acetic acid, and forming methyl sulphurio aoid. 

Chloro-methyl Acetate CII 2 C10Ao (116° 
i.V.). S.G. it? 1-195. V.D. 8-70 (for 3-74).—Made 
by passing chlorine i%to ftethyl aoetate at 10°. 
An oil. Slowly decomposed by water, quickly by 
alkalis, giving HC1, HOAc, and formio aldehyde: 

CH 2 C1(OAc) + 2KOH- 
CH 2 0 + H 2 0 + KC1 + KOAo. 

With alcoholic KOAo it gives methyhSie aoetate, 
CH 2 (OAe) 2 v. formic aldehyd* 4L. Henry, B. 6, 

^Di-chloro-methyf Acetate CHClyOAo 
(145V148°), S.G. 1-26, is formed by passing dry 
chlorine through methyl acetdtebt a gentle heat. 
Colourless, pungent-smelling liquid, decomposed 
slowly by water, quickly by aqueous potash, 
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violently hj alcoholic potash, yielding formio, 
&petio, and hydrochloric Midi, 

CHOL(OAc) + SitOH - 
CH,(0K)0 + HjO + 2K01 + KOAo 
(Malaguti, A. 82,47). 

TrilritJorinated Methyl Acetate 
C.H.Cl.O, (145=). Laurest, A. Ch. [2] 73, 25. 

Per-chlorinated, Methyl Acetate 
CClj.O.CO.CCIj. Formed by prolonged action of 
Cl on methyl acetate v. fri-CHLOiio-AOETic Aero. 

Ethyl Acetate 0,11,0, or TAM.—Acetic 
(tier. M.w. 88. (75-5=-7G'6°) at 745-5 mm. (R. 
Scliiff); (77-1°) at 7C0 mm. (Elsasser); (77-5°) 
(Gartenmei8ter). S.G. § -9253 (G.); g -9239 (E.); 
¥ -9007 (Briihl); -9072, §5 -8971 (Perkin); 

® -8306 (8.) V.D. 3-087 (for 3 079). S.H. -48. 
C.E. (0 J -10 3 )-001203 (E.). S. 6 at 17-5°. S.V. 
105-7 (S.); 106-1(0.); 100-15 (E.). 1-3771. 

K* 85-46 (B.). H.F.p. 114,710. H.F.v. 112,290. 

formation. —(Lauragais,/. d. Sravans, 1759, 
324; Thenard, Mini. d'Arciieil, 1,153; Dumas 
a. Bonllay, J. Ph. 14,113 ; Liebig, A. 5, 34 ; 30, 
144; Malaguti, A.Cli. [2] 20,367; [3] 102,58). 

1. By heating alcohol with acetic acid or with 
an acetate and strong sulphuric acid. 2. By dis¬ 
tilling calcium or potassium ethyl-sulphate with 
glacial acetic acid (Liebig). 

Preparation. —1. By distilling a mixture 
of 8 pts. potassium acctato, 3 pts. absolute 
alcohol, and 2 pts. sulphuric acid; or 10 pts. 
sodium acetate, G pts. alcohol, and 15 pts. sul¬ 
phuric acid; or 16 pts. dry lead acetate, 4) pts. 
aloohol, and 6 pts. sulphuric acid. The acid is 
first mixed with the alcohol, and the liquid is 
poured upon the pulverised salt; the mixture 
is then distilled to dryness, and the product is 
purified by digestion with calcium chloride and 
rectification.—2. Frankland a. Duppa prepare 
ethyl acetate by gradually pouring a mixture of 
3-0 kilo, of 97-p.c. alcohol, and 9 kilo, strong 
sulphuric acid, on 6 kilo, sodium acetate pre¬ 
viously fused and dried, leaving the mixture at 
rest for 12 hours, then distilling and rectifying 
the distillate (which is free from alcohol and 
amounts to 6 kilo.) over fused and pulverised 
calcifm chloride. The best mode ofioixing the 
alcohol and sulphuric acid is t5 pour the alcohol 
tbrough-a narrow glass tube to the bottom of 
the vessel containing the acid, stirring the liquid 
continually by means of the tube. It is best to 
leave the ethyl-sulphuric acid thus formed for 
24 hours before pouring it on the sodium acetate. 
8. A mixture of alcohol and acolic acid in 
molecular proportions is allowed to run into sul¬ 
phuric acid at 130°, w hereby ethyl-sulphuric acid 
is first formed, and this with the acetic acid 
forms ethyl acetate, which distils over, leaving 
the sulphuric acid to Se farther acted on by the 
alcohol. By this process 10 g. sulphuric acid 
yield 232 g. ethyl acetate (Eghis, B. 6,1177; 
Pabst, SI. [2] 38, 850). 

Properties.— Colourless fragrant liquid. So¬ 
luble in* 1C pts. water at ord. temp.; dissolves 
*086 pts. of watery freely miscible with alcohol 
«ld ether. 


Reactions. —1. Sums with yellowish flame. 
2 . By dilute chromic acid it is oxidised to 
aceiic acid +0 2 = 2C S H ) 0, (Chapman a. 
Thorp, C.J. 19, 484).—3. Permanent in the air 
when dry, but gradually decomposing when moist 
into alcotol and acetic aoid; more quickly inJ 


contact with alkalis.—4. Converted by heatlnj 
with sulphuric acid into ethyl oxide and aeetii 
acid; with hydrochloric acid into acetio aoid and 
ethyl cUpride.—5. The vapour passed over tine- 
I dust at 80Q o -850° gives < aceto8e„C®, hydrogen 
( - and ethylene (Jalfft, B. 18,2107).—6. With lime 
in sealed tubes at 250°-280° it yields butyrio 
acid as chief product, <&lcium acetate and ethy¬ 
late as intermediate products : 

2CaO + 2EtOAo - Ca(OAc)., + Ca(OEt),- 
Ca(OH) J + Ca(C,H,0.) I 

(Lubavin, Bl. [2] 34, 079).—7. With alkaline 
hydroxides it yields acetic acid and ethyl alco¬ 
hol ; with the anhydrous oxides, acetic acid and 
a metallic othylate: 

2EtOAc + Ba(OH),=Ba(OAc)., + 2EtOH; and 

2EtOAo + 2BaO - Ba(OAc)j + Ba(OEt), 
(Berthelot a. Flourieu, A. Ch. [3] 17, 80).— 
8. With a mixture of lime-water and chloride of 
lime (bleaching powder), it yields chloroform 
(Schlagdenlmuffen, J. 1'h. [3] 36,190).—9. With 
alcoholio KH8 it forms, on heating, KOAo and 
ILK, but no mercaptan (C. Gottig, j.pr. [2] 33, 
90).—10. With sodium-ethylatc, forms, at ISO 0 , 
sodio-acoto-acetio other. — 11. Ethyl acetate 
heated with sodium dissolves the metal, and the 
whole solidifies to a crystalline mass of sodium 
ethylate and ethyl sodio-aceto-acotate C,H„NaO,. 
Tho reaction is either 

2(C.,H,.O.Ac) + Na^NaOCA + C„H,NaO a + H,; 
or 3(CjH s .O.Ac) + Na,=8NaOC,H s + C.IIjNaO,. 
The quantity of hydrogen evolved varies con¬ 
siderably according to the temperature and pres¬ 
sure at which the reaction takes place, and the 
proportions of the materials used; sometimes 
no gas is evolved (oqu. 2), and under no circum¬ 
stances yet observed is the quantity of hydro¬ 
gen evolved exactly equivalent to the sodium 
dissolved, as required by tlu first equation. 
Probably, therefore, tho two reactions generally 
take place together (see, further, Aceto-acetio 
Aero).—12. With iodine and aluminium foil ethyl 
acetate yields ethyl iodide and aluminium ace¬ 
tate, 6EtOAc +Al 2 + 3Xj=6EtX +Alj(OAc),, and 
a similar reaction takes place with all the alkyl 
acetates of the series C„H w+ iOAo (Gladstone a. 
Tribe, C. J. 30, 357).—13. Ethyl acetate com¬ 
bines with titanic chloride in various propor¬ 
tions (Dcmanjay, Bl. [2] 20,127; C.R. 70,1414). 

Chlokihated Ethvl Acetates.—C hlorine is 
abundantly absorbed by ethyl acetate, and acts 
strongly upon it, even at ordinary temperatures, 
replacing two or more atoms of hydrogen; the 
action ie accelerated by heat and by direct snn- 
sliino. Seven compounds have been described 
as thus formed, coutaining 2 to 8 at. chlorine in 
place of hydrogen, but only three of them have 
been obtained of constant composition, viz., 
those containing 2, 3, and 5 at. chlorine. 

Dichlorethyl Acetate 0 4 UgCl,O t i.e. 
CjHjClj.C.,H,O a is the product formed when ethyl 
acetate is kept cool and in the shade during the 
action of the chlbrine. Transparent oil. S.G. 
8-01 at 12° (Malaguti, A. Ch. [2] 70, 307). 

Trichloro-ethyl-acetate 6ikI01j.CHCl.OAe, 
metamerio with ethyl tri-omoBo-AOBTATE (j,.t>.) 
Wa fanned by the action of ohlorine at 120°, in 
'presenceof iodine,onethylideneaoeto-oh&rid#, 
CHjOHO.OAo (Kessel, B. 10,1999). \ 

-CCl..Ctf,OAc(72°) at 18mm, (167°)at736ifcn. 
S.G. «H 1 - 89 W.VJ). 6-89 (for 6-68). From tri- 
ohloro-sthyl alcohol and AoOl at 180°, Rectified 
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m weui (GarsarbUi-Tlramlaokh, A; 810, 63). 
Vowing HNO, con'jfcrts it, at 15 s ,into tri-chloro- 
aaetic acid; KOH forms tai-ohloro-ethyl-glTcol- 
Lioacid, CCI,.CH. j .O.CH,CO ! H. 

Octo-chlottnayd Ethyl •Acetate 
0,01,0s i.t. Qtdlj.OsOljO, i» slowly formed oi# 
exposing the diohlorinated ether, together with 
ohlorine, at 100° to flight summer sunshine. 
The ^product, after distillation in a stream of 
carbon dioxide to remove excess of chlorine, 
forms a colourless pungent oil which remains 
liquid below 0 J . S.G.1-79 at 25°. Boils, with 
partial decomposition, at 245°. Its vapour 
passed over fragments of glass heated to 400° 
is oonverted into the isomeric oompound chlor- 
aldehyde 0,01,0 - CC1,.C0C1. It is decomposed 
by water and moist air, and more completely by 
KOH, into hydrochloric and trichloracetic acids: 

C f Cl l .C,Cl,Os + 2H,0 = 2HC1 + 2(001,-00,11) 
(Leblanc, A. Ch. [3] 10,197 i Malaguti, ib. 15,258). 

The following chlorinated acetic ethers are 
also known: the compound of aldehyde with 
AoCl, glycol chloro-acetin, and the ethyl salts 
of the three chloro-acetic scum. 

Brominated Ethyl Acetates C 4 H,Br,0,= 
CH,Br.CO.OCHBr.cn, (bromethyl bromacetate), 
formed on heating ethylidene ncetate-olilorida 
OHMeCl(OAo) with bromine at 100 —103°, boils 
underredueed pressure at 130 Kid ', and dissolves 
in boiling water, with formation of aldohydo, 
acetio aoid, crotonaldehyde, acetal, ethyl bro¬ 
mide, and HBr. The crotonaldehyde and acetal 
arc secondary products formed from acetalde¬ 
hyde, produced in tho first instaneo as shown 
by the equations: 

CH.,Br.CO.OCHBr.CH., + C ,11,OH = 
CHjBr.COOO H, + CH,.CII Ilr(OH) 

and GH,.CHBr(OH) = HBr + CH,.CHO. 

ATri- and Tetra-brominated Ethyl Acetates 
C,H : Br,0, and OjH.Br.Q,, formed bj*the action 
of 1 or 2 mol. bromine at 120° and 160°, respec¬ 
tively, on C,H„Br,0„ and freed from absorbed 
HBr by heating in a stream of carbon dioxide, 
are oily strongly fuming liquids, partly decom¬ 
posing on distillation ; d«omposed also by water 
and alcohol, the products containing substances 
which reduceammoniacal silver solution, whence 
it appears that both these ethers produce 
aldehydes. The pentabrominated compound 
0,H,Br,0„ probably CH 2 Br.CO.OCBr..ClIlir,, 
formed by boating 0,H,11^0, with 1 mol. bro¬ 
mine at 170°, is a liquid which scarcely fumes 
in the air (I7B°). Its product of decomposition 
by water does not reduce ammoniacal silver so¬ 
lution. Heated with excess of bromine, it forms 
C,&Br„0, (195°-198°) (Kessel, B. 10, 1991; 11, 
1917). Other [nominated acetio ethers are 
OH,CHBr.OAo v. Aldehyde, CH,Br.CH,.OAo v. 
Glycol, and the etbylic Bromo-acetatkb. 

Bthyl Ortho-acetate CH,.C(OEt)„.—Triethylic 
aoetatej (fta 3 ), S.G. '94, formed, together 
with CH,CLC(OKt)„ by heating CH,.CCI, witli 
NaOEt in a sealed tube at i 10°. Fragrant 
liquid. Decomposed by water into aloohol and 
acetio acid (Geuther, J. 1870, 636). 

The aeetate“f the higher alkyls, C„n„,+„ 
are analogous in their properties and reactions 
acetate, and are obtained, in like Aan- 
nWiSpher by heating the corresponding aloohol s 
wiOfFwatio and sulphurio aoid, or by the action 
of silver aoetate on the corresponding alkyl 
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points and their S.g. in the liqu id 


state. 
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Propyl Acetatet C.EEgOAo 
Norma! Propyl aoetate 
Mc(Cn t ),OAo or PrOAo 
Isopropyl acetate 
MOaCIi.OAffor PrOA^, 

Butyl Acetates O.H.OAo: 
Normal Primary: 

Mo CH,).OAcor 
OlI.PrOAo .... 
Isoprimary: Mc a CirCH..OAc l 
or CII a PrOAc . . f 

Secondary: Methyl ethyl) 
carbyl acetate !• 

MeEtCH.OAo . . ) 

Tertiary: Trimethyl-carbyl i 
acetate CMoj.OAo. , } 

Amyl Acetates 0,11, t OAo : 
Normal Primary: ) 

Mi;(CII,),.OAo . . } 

Isoprimary: } 

Me a CH(CfT a ) a OAc. . \ 

Secondary : Diethyl - oarbyl 1 
acetate Et.CII.OAo J 
Mcthyi-isojiropyl-carbyl) 
acetate MePrCJ 10A o } 
Methyl-propyi-carbyi ) 
acetate Mel’rOHOAc ( 
Tertiary : Dimethyl - ethyl- i 
carbyl acetate Me a EtC.OAo J 

Hexyl Acetates O.H lt OAo: 
Norma' Primary: 

Me((;H,).OAo . . , 

Secondary : Methyl-bntyl- ) 
carbyl acetate }■ 

Mt'((jrf,)jCH Me.OAo ) 
Met 1 1 y I -tert-butyl-carby 1 j 
orPinacolyl acetate [ 
Me.CH OAc.CMe, . ) 
Etliyl-propyl-carbyl i 
acetate KtPrCllOAc J 

Heptyl Acetates: 

’ Normal from n-heptane 
Do. from (Euanthol 
Methyl-amyl-carbvl acetate | 
MeiC.H.JClI.OAc . f 
Mcthyl-iso-auiyl-oarbvl ac*e-) 
tate Mo(C,ir n )CH.OAc f 
Ethyl-iso-butyl-carhvl ace-» 
tate Et(C 4 H,)C110Ao. f 

Octy^ Acetates: 

Normal (from oil of ) 

Iferaclemn) . , . j 

Mcthyl-hexyl-earbyl acetate j 
MetC.lI„)CU.OAo . J 

F.nnyl Acetates: 

From Ennane in petroleum . 
Ethyl-bcTyl-oarhyl acetate ) 
Et(C,U„)CHOAc . J 


Norma!C 10 ir ai OAo. Crystal-) 
line. tU5-') at 15 mm. j 

Dodecyl Acetate i % 
Normal C, a H„OAo. Solid.) 
(151°) at 15 mm. . j 

Cetyl Acetate: 

C,«TT S3 OAo. Need’ 03 . [13’5°] i 
(200°) at 15 mm. , J 

Octadecyl Aoetate: j 
O ia n„OAo. [31 °] (223°) at 1 
15 / 

Iso-ceryl Acetate: 
C a ,H„OAo [57°] . . . 


B.P. 

102 ° 

90°-93° 

124° 

116-6° 

111 0 

96" 

148-4° 

137« 

132° 

125° 

133° 

125° 

1C9-5 0 
155°-157° 
1 lO^-HS 0 
150° 

1R0° 

192° 

17U° 

187° 

163° 

207° 

192° 


210 ° 

211 ° 


#• 


S.Gk 

0-913 at 0° 


0-9018 # 
0-8596 # 
0-892 - 


0-8963 , 
0-8837 9 
0-9090 „ 

0-9223 M 
0-8909 j| 

0-8890 at If* 
0-8778 at 0° 


0-874 at 18° 

0-880 at 23° 


0-872 at 18° 


0-878 
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Auyi «mi e. allyl aoetati. 

Fkenyl Acetate v. Phsnol. 

Benzyl Aeetate ». Besz* acetate. 

■ethylene Si-acetate v. Formic aldehyde. 

Ethylene Acetates v. Glycol. 

Folye&wlenio Acetates v. Glycol. 

Ethylene Aoeto-butyrate v. GltSjol. 

Ethylene Aoeto-chloride v. Glycol. 

Propylene Acetate v. Propylene-glycol. 

Bntylene Acetate v. Oxy-butanes. 

Amylene Acetate t). Oxy-pentanes. 

Glyceryl Acetatee v. Glycerin. 

Substitution products of Acetic Acid v. 
Bromo-acetic acids, Chloro-acetic acids, Iodo- 

ACETIO ACIDS, CyANO-ACETIO ACID, SOLPHO-CYANO- 
ACETIO ACIDS, SOLPIIO-ACETIC ACID. 

Other derivatives of Acetic Acid v. Acetyl 

BROMIDE, BrOMO-ACETYL BROMIDE, ChLORO-ACETYL 
BROMIDE, CYANO-ACETYL BROMIDE, ACETYL CYANIDE, 

Acetyl chloride, Acetyl iodide, DI-azo-acetic 
acid. H. W. 

’ ACETIC BBOHIDE v . Acetyl bromide. 

ACETIC CHLORIDE r. Acetyl chloride. 

ACETIC CYANIDE v. Acetyl cyanide. 

ACETIC IODIDE v . Acetyl iodide. 

ACETIC OXIDE or ANHYDRIDE 0,11,0, or 
Ae,0.— Acetyl oxide. Acetic acid, Anhydrous 
acetic acid.— M.w. 102. (137-8°) at 755 ram. 
(Kopp.); (44'0) at 15 mm., (136-4°) at 700 mm. 
(Kahlbaum). S.G. a 1-007, '£* 1-700 (K.); "£ 
1-0816 (Briihl). V.D. 3-47 (for 3-51). ft, 1-3053. 
Bo, 35-82 (B.). H.F.p. 132,850. II.F.y. 130,820. 

Formation. — 1. By the action of phos¬ 
phorus trichloride or oxychloride on potassium 
acetate, SKOAc + POCl 3 = K,PO, + 3AcCl, and 
AcCl + KOAc = KC1 + Ac,0 (Gerhardt, 1853, C. It. 
34, 755, 902 i A. Ch. [8] 37,285).—8. From po¬ 
tassium acetate and benzoyl chloride, tlio first 
product of the reaction being acetobenzoic 
oxide, which, if the potassium acetate is some¬ 
what in excess, and the mixture is heated to a 
temperature somewhat above that required for 
its formation, is resolved into acetic and ben¬ 
zoic oxides: KOAc + BzCl = KC1 + AcOBz; and 
2Ae0Bz=Ac,0 + Bz,0. Similarly from potas¬ 
sium benzoate and acetyl chloride (Gerhardt).— 
3. By digesting glacial acetic acid c‘.nd acetyl 
chloride in molecular proportions (Kanonuikofl 
a. Saytii9ff, A. 185,192).—4. From lead or silver 
acetate and carbon bisulphide 

2Pb(OAo), + CS,= 2PbS + 2Ac,0 + CO, 
(Broughton, Z. 1865,308).—5. From acetal chlo¬ 
ride and barium oxide at 100° (Gal).—6. In small 
quantity by the action of phosphoric anhydride 
on glacial acetic acfil (Gal; Etard, II. 9,444).— 
7. By the action of lead nitrate on acetyl chloride 
(Lachowicz, B. 17,1281). 

Preparation.— 1. Acetyl chloride (1 pt.) is run 
into sodium acetate ft pV) or potassium acetate 
(lfpt.), and the product is distilled. As, how¬ 
ever, aeetyl chloride is formed by tho action of 
the chlorine compounds of phosphorus on acet¬ 
ates, it Js clear that, for the preparation of the 
anhydndl, this chloride need not be quite free 
from phosphoui oxychloride. It is sufficient, 
indeed, to add FOCI, (3 rjs.) directly to an exoess 
of NaOAo (10 pts.) or KOAc (12 pts.) and^ 
distil; or to prepare a mixture of I’OQj, and' 
AcCl, by the action of PCI, (7 pts.) on glacial 
acetic acih (2 pts.), and distil this mixture with 
NaOAo (20 pts.) or KOAo (24 pts.). In all these 


modes of preparation-ft is necessary to heat the 
mixture strongly towards tht and of the distilla¬ 
tion, because a portion of the aoetio oxide unites 
with the exoess of metallic acetate present, form¬ 
ings compbund which requires a high temperature 
«to decompose it. She acetic oxide thus obtained 
must be subjected to fractional distillation to free 
it from residual ohloridenand acetie acid (Kekuld, 
Lehrb. 1, 570).—2. Hentschel (B. 17,1283) pro- 
pares acetic anhydride by passing a stream of 
carbonyl ohloride, COCl„ into fused dry sodio 
acetate. 

Properties .— Colourless, very mobile, Btrongly 
refracting liquid, having an odour liko that of 
glacial acetic acid, but stronger. 

licactions. —1. With HCl-gas acetic oxide 
acts strongly at 100°, forming acetic acid and 
chloride: Ac,0 + HC1 = AcOH + AcCl (Gal, A. 
Ch. [3] 60, 187).—2. With chlorine at 100° the 
products are acetyl chloride and ehloraeetio acid: 

(C,H,0),0 + Cl, = OjHjOCl + C,H,CIO. 

(Gal). Similarly with Br. With iodine no aotion 
at 200°, but at higher temperatures HI is 
given off (Gal).—3. With PCI,, it yields aeetyl 
chloride : Ac.,0 + PCI, = POC1, + 2AcCl. — 4. 
Heated with solid aluminium chloride it forms 
acetyl chloride and aluminium aoetate: 

3Ac,0 + A1C1, = 3AcCl + Al(OAc), 
(Andrianowsky, J. It. 11,110).—5. With pulverised 
sine chloride at 100° it yields acetic acid,.acetie 
oxide, and a dark brown residue having the 
composition C,H,0 (Bauer, J. 1801,438).— 0. By 
heating with einc-dust it yields acetone (Jahn, 
M. 1, 090).— 7. Reduced by sodium amalgam it 
forms aldehyde, and afterwards alcohol: 

(CH.CO)O + 2H, = 2CH,CHO + H,0; 

2CH,CHO + 2H,=2CH,CH,OH 
(Linnemann, A. 148, 249).—8. Heated in CO,- 
gas at 00° with C1.SO..OH, it forms an acid, 
C-HjSO, jfcral).—9. With sired, at the boiling- 
point, it forms acetyl carbamide, NHAcCO.NH w 
No reaotion with oxamide (Scheitz; Marsh a. 
Gcuther, III. [2] 10, 460).—10. With nascent 
zinc-ethyl (2 mol. Ell and 1 mol. Ac,0 added to 
zinc-sodium) it yields Inetbyl-cthyl ketone: 

(COMe),0 + ZnEt, = ZnO + 2(Me.CO.Et). 
With zinc-methyl in liko manner: acotone, 
Me.CO.Mo (Saytzcff, Z. [2J 0, 104).—11. Forms 
crystalline compounds with NallSO, and with 
NH,. The latter is formed by passing NH, into 
an ethereal solution of Ac,0 at - 26° (Loir, O. B. 
88, 812).—12. Gives a mirror with ammoniaoal 
AgNO, (Loir).—13. Decolorises aqueous KMnO, 
(Loir).—14. Converted by II.SO, at 130° into 
Bulpho-acetic acid (Franchimont, G. R. 92,1054). 

Compounds.—A. With potassic acetate 
Ac,02KOAe, obtained by dissolving dry potas¬ 
sium acetate in Ao,0 at 100°, crystallises in 
needles, and is resolved into its constituents by 
heat (Gerhardt). B. With aldjhydes.—(1.) 
With acetaldehyde acetic oxide forms the com¬ 
pounds C,II,OAc,0 and C,H,02Ac,0. The 
first is obtained by heating its constituents 
together in molecular proportion at 180° in a 
sealed tube, and purified by fractional distillation, 
washing the portion whioh distils above 140° 
with hot water, and drying over CaCl,. It is a 
liqvAtl which boils at 108°, has an alltoceous 
odour, and is resolved by heating witH^KuH 
into acetie acid and aldehyde—distinuion 
from the istgnerio compound, ethylene acetate 
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CJEL(OAo)„ whfoh, when (imQ&rly treated, yields 
•glycol, G&mf, (ffefither, A.-.106, 249). The 
second compound, 0,H,0.2AdjO.- formed by 
heating paraldehyde with Ao,0' at 180°, is a 
I liquid havinaa density 1-07 at 10° JOKither, 
I. 1864, 8297. (B.J With acroitin.—Tbo com¬ 
pound 0,H,0Ac,0 is obtained by heating its 
cofilpSsents in molecular jroportion at 100° for 
six houft, or 1 mol. acrolein chloride with 2 mols. 
silver aoetate at about 160°. Liquid immiscible 
with water, having a fishy odour and very sharp 
taste. S.G. 1'076 at 22°; (180°). C,H ( 02Ac s O, 
formed by'heating metacrolein with Ac.fi at 
160°, ij an oily liquid boiling at 180° (Biibner a. 
Geuther, A. 114, 86; J. I860, 306). (3.) With 
bentaUUhyde. —C,HjOAc,0 is formed on hoating 
bitter-almond oil with excess of Ac,0 at 160°, 
and separates on washing the product with water 
and potash as an oily liquid, which solidifies to 
a crystalline mass melting at 44°-45° (Hiibner, 
Z. [2] 3, 277). These compounds may be 
looked upon as derived from ortho-aldehydes, 
XCH(OH),. Similar compounds will be described 
in articles on the several aldehydes. C. With 
other oxides.—Vapour of SO, is absorbed by 
cooled Ac.,0, forming a gummy mass soluble in 
Ivater. boric oxide dissolves slowly in Ac.O, 
forming a vitreous hygroscopic mass. Insoluble 
tartaric oxide or anhydride , 0,11,0,, dissolves at 
100° in aeetio oxide, forming a syrup. The 
same syrupy product is formed, together with 
PbCl., by the action of AcCl on lead tartrate. 

Aceto-arsenious Oxide 0,H c O,As„O s or 
Ac.O.OAs is formed by dissolving As.O, in acetic 
oxide at boiling heat, as a syrupy liquid, which 
on cooling forms a vitreous hygroscopio mass. 

Aceto-liypochlorous Oxide AcOCl and 
Aceto-hypoiodous Oxide AcOI have been 
described as unstable compounds by foliiitzen- 
berger (C. 11. 62, 359 ; 54, 1026 ; J. 1802, 240), 
but their existence has been called in question 
by Aronhoim (B. 12,26). 

Aceto-silicic Oxide Si(OAc), [110 ] (149°) 
at 6mm. From Aefi and SiO, (Friedcl a. Laden- 
burg, A. 145,174). Deconlposed by water, heat, 
alcohol, or NHj, into silica and IfOAeAc-0, 
EtOAc, and NH,Ac, respectively. A compound, 

. Si(OEt) 3 (OAo) (c. 195°), is formed from Ki(OFt), 

: and Ac.O. 

Aceto-benzoic Oxide C,,H„0, i.e. AcOIiz, 
trom acetyl chloride and sodium benzoate, is a 
heavy oil. Begins to boil at 150°, and is resolved 
: at the same time into Ac.O and Bz.,0. By boil¬ 
ing with Water, and moro quickly with alkalis, 
it is converted into acetic and benzoic acids 
. (.Gerh. 3, 209). HC1 converts it at low tempe¬ 
ratures into AcCl and HOBz; at 150° BzCl and 
HO Ac are also formed. Chlorine forms AcCl and 
ejphlorb-benzoie acid (Greene, C. N. 60, 61). 
i d Acetp-ciwamic Oxide Ac.O.C,H,0. Ob- 
thined like the preceding, which it resembles. 
Cifl, heavier than water, very unstable (Gerhardt, 
it, 887). • 

\ Aceto-euminic Oxide Ac.O.C„II u O. Like 
the preceding (Qglfrardt, ib. 509). 

Aceto-ialicylic Oxide Ao.0.0,11,0,. Solid; 
dissolves in aqueous sodium carbonate, with 
losnatAn of sodium acetate and salicylate Aer- 
Wdjptb. 319). 

l^iRetto Peroxide C 4 H,0 4 or Ac,0,j-Prepared 
te adding Ba&'to a solution of aeetio anhy- 
fftdiv'Jt 


IT 

drlde in ether. The mixture is effected gf». 
dually, being attended with evolution of hope. 
The ether is distilled gfl at a low tempetature r 
and the fluid whioh remains is washed with 
water. It is a viscid liquid with pungenj taste. 
It decolorises indigo, oxidises mangajxiua hy¬ 
drate to peroxide, and potassic ferro- to ferri- 
cyanide. It acts generally as an oxidising 
agent. It does not reduce CrO, or KMnO,. 
Baryta-water is converted by it into barium 
peroxide and acetate. It explodes when heated 
(Brodie, Pr. 9, 363). H. W. 

ACET-IMIDAMIDE v. Achtahjdkb. 
ACET-IHIDO-ETHYL-ETHEE 
//NH 
CH,.Cf 

'OEt 

(97°). Liquid. The hydrochloride is obtained 
by passing dry HCl-gas into a mixture of aceto¬ 
nitrile and ethyl alcohol (equal mols.) diluted 
with j their volume of ether, cooled to 0° C. 
B'HCl, long trimetrie plates, decomposes at 
about 100° into ethyl chloride and acetamide 
(Pinner, B. 16,1654). 

ACETIMIDO-NAPHTHYL-AMIDE v. NiPH- 

THVn-ACETASIIOIKE. 

ACETIMID0-T0IYI-AMIDE v. Tolyl-aceta- 

raniNE. 

ACET0-ACETIC ACID CH,.CO.CH,.CO,H 

orCH,.C(OH):CH.CO,H. 

Occurrence. -In urine of diabetic patient# 
(Geuther a. Bupstein, Pr. 14,419; Deichmiilier, 
A. 209, 30; Tollens, A. 209, 36; Jaksch, B. 7, 
487). 

Preparation.— Theethyl ether (4-5 g.)is mixed 
with water (80 g.) containing KOH (2T g.), and 
after 24 hours tho liquid is acidified and shaken 
with ether (Ceresole, B. 16, 1327,1872). 

■Properties.—A thick acid liquid, miscible with 
water. At 100° it splits up into CO, and ace¬ 
tone. Nitrous acid gas forms CO, and iso-nitroso- 
acetone. 

Salts.— BaA'.aq. Amorphous. V.e. sol.water. 
Violetcolourwith Fed,.—CuA',2aq. Amorphous. 

Ethyl Aceto-acetate or Aceto-aeeUc Ether 
CIIj.CO.CHj.CO-Et or CH 5 .C(OH):CH.CO,Et. 
Di-acetic etirtr (Geuther, J. 1863, 323), ethyMi- 
acetic acid (Geuther, J. 1865, 302), acetone-car¬ 
boxylic acid (Frankland a. Duppa, A. 138,211) 
(180°) (B. Schiff, B. 19, 561); (ISO'S® cor.) 
(Geuther); (180-6°-181-2°) at 754 mm. (Bruhl); 
(152-5°-153°) at 330 mm. (Perkin). S.G. V 10256 
(B.); 2 1-040 (S.J; 1-0317 (P.); 1-0235 (P.). 

He 1-4253. B® 61-62 (B.). B.V. 153-34 (S.). 
M.M. 6-501 at 16-25 (P.). e 

Formation.—The formation of aoeto-aeetio 
ether by the saponification of cyano-aeetone by 
alcoholio HC1 (Matthews a. Hodgkinson, B. 
15, 2679) is denied by J»m<* (A. 231, 245). 

Preparation. —Ethyl acetate (1 kilo.), that As 
been carefully dried, is treated with sodium (100 
g.) in small pieces. As soon as the first motion 
abates it is heated with inverted condenser over 
a water bath for 21 hours until the sodium is 
dissolved. Dilute (50 p. o.) acptyp acid (550 g.) 
is then added, and wherythe liquid is cool, it is 
Igmixed with water (600 o.o.). The light oily layer 
is wa^ied with a little water and fractioned. 
The yield (175 g.) is small, bafstnnch ethyl ace¬ 
tate (400 g.) is recovered (Conrad, A. 486,214). 
Aoeto-aoeuo ether may be still further purified 

• O 
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I» Ahakliig with eonc. aqueous NaHSO,, with 
which it combines. Impurities may then fee ex¬ 
tracted by ether, anil ttt oompound of aoeto- 
'aoetic ether with NaHSO, afterwards decomposed 
by K,CQ, (Elion, 7?. 8, 246). 

Theiwmation of aceto-aoetio ether may bb 
expressed by the equation: 1 

2CH,.CO,£t + Na,= 
CH,.OO.CHNa.CO,Et + NaOEt + H,, 
the sodio-aceto-aeetie ether being afterwards de¬ 
composed by the added acetic acid: 

CH,.CO.CHNa.CO,Et + HOAc ™ 
CH,.CO.CH,.CO,Et + NaOAo. 

See also p. 21. 

Properties. —A liquid with an agreeable sweet 
odour. Slightly soluble in water, the liquid giving 
a violet colour with FcCl,. Unlike its ethyl and 
acetyl derivatives, it forms a crystalline compound 
with NaHSO, (indicating presence of the ketonio 
carbonyl group, CO). 

Salts. —Aceto-aoetio other behaves as a mono¬ 
basic acid. ThiB may either bo ascribed to the 
situation of the group CH, between two CO 
groups, or else by having recourse to tho formula 
OH,.C(OHi:CH.CO„Et, which represents a com¬ 
pound that might be expected, as a tertiary al¬ 
cohol, to possess a phenolic character. Like 
phenol, it gives a violet colour with FeCi,. 

Sodio-aceto-acctic Ether 
CHj.CO.CHNa.CO_.Et or CH,.C(ONa):CII.CO-Et. 
Needles. Produced by the action of sodium or 
eodic ethylate upon aceto-aeetie ether in the cold. 

Preparation.— Sodium (10 g.) is dissolved in 
absolute alcohol (too g.); when cold, dry ether 
(90 g.),followed by aceto-acctic ether (56‘5 g.) di¬ 
luted with ether (60 c.c.), is added. If the liquid 
in well Btirred with a little water (2 c.c.) solid 
sodium acetacetic ether separates (Harrow, C. J. 
83, 426). The pp. is a hydrate, which becomes 
■dry in an exsiccator (Elion, 3, 240). 

Reactions. — [a) With iodine in ethereal so¬ 
lution it gives di-aceto-succinieether {q .».).— {b) 
Heated alone or with NaOEt it gives acetone, 
aceto-acetic ether, NaOAc, and sodic dehydrace- 
t&to.—(c) With alkyl iodides it forms alkyluiceto- 
acetic ethers (q. t>.): 

1 CH,.CO.CHNa.CO,Et + It'h= 

Nal + CH,.CO CHB'.COF.t. 

Other podo- bromo- and chloro- compounds act 
similarly.— (d) But witli tri-ritusvi.-MK'nivr, mio. 
him Ph.CBr it forms CH.,CO.C(CPh,),CO,Et 
(Aliena. Ivolliker, A. 227,110).—(e) Chloroform, 
in presence of NaOEt forms oxv-cvmc etiikh : 
C,H,Mc(OH)(CO,H), [1:3:4: 6j, tho first 
Stage probably being: 

sCKjtiuon v».co,i:t+.NsOEt+c:ici,= 

CO,3t.CHAc.OH:C(00,Et).CO.i:ll,+.l.\.iOI+lIOEt 

S penheim a. Piaff, B. 7, 92!); 8, 884; 9, 321; 
rad a. Guthzeit/ A. 222, 249). 

Other S a 11 s.—A1(C,H,0,),. Needles pO’]. 
Insol. water, v. e. sol. ether, benzene or CS,. 
May bo sublimed,—Co(C,H„0,).. Bed pp. Sol. 
hot feenzene or ether.—Cu(C ll H,0,)- [182’). 
Green needles (from alcohol). Insol. "water, v. 
sol. benzene,aether or CS 2 . Got by adding 
Cu(OAc), to a solution of aceto-acetio ether in 
alcohol, the calculated quantity of ammonii) 
beingalsoadded (Conrad a. Guthzeit, 15.16,19).— 
Mg(0 a H,0,). |tk0 !> ). From aceto-aoetio ether 
end ‘magnesia-mixture.’ Plates (from ether- 
bctizcnc).—Hg(C„H s O,), Amorphous. Formed 


by shaking acoto-aoetie .ether with HgO.- 
Ni(C„H,0,), * 

Reactions.—1. Boiled for a long time, oi 
passed.through a red-hot tubo, it forms dehy. 
dracetie acid, C,H,0„ anil alcalipl. * 

2. Boiled wit!? alkalis it gives CO„ acetone, 
acetic aoid and alcohol, according to the reao- 
tions: CH,.CO.CH.,*O s Et + 2KOH» , 
CHj.CO.CH,"+K.CO, + HOEt; 
CHj.CO.CHj.COjEt + 2KOH= 
2CH,.CO.0K + HOEt. 

8. Decomposed by water at 150’, or by strong 
acids, into CO- acetone and alcohol. 

4. Action of sodium akoholatcs.—(a) Heated 
with dry NaOEt, or with alcoholic NaOEt, ethyl 
acetate is got in small quantity (12 p.o. of 
the theoretical) (Wislicenus, A. 186,193; Isbert, 
A. 234, 100).—(6) 50 g. heated with NaOEt 
(from 8-0 g. Na) and MeOII (75 g.) at 130’ gives 
methyl acetate (7 g.) and ethyl acetate (1 g.). 
Similar results are obtained by using PrOH in¬ 
stead of MeOII (Isbert).—(c) At 130° with NaOPr 
and excess of MeOH gives methyl acetate and a 
little propyl acetate.— (d) Heated with alcohol 
at 180’ it is not affected, hut it a very little 
NaOEt be present it is completely decomposed, 
yielding KtOAo. .Similar results are got by 
using PrOH and NaOPr. Resacctic Acid 
C, JI--0, is found in ail these cases as a resinous 
body, not volatile with steam. It forms brown 
amorphous salts, NaA‘, KA', and NH,A', sol. 
water (Isbert, A. 234,107). 

6. Sodium-amalgam formsB-oxy-butyrioacid: 
CH,.CO.CH,.CO.,Et + H.. = 
CH J .CII(OH).CH,.CO,Et. 

6. Phenyl-luidrasine in the cold forms, as 
with all ketones, a phcnyl-hydrazide: 

Ph.N, 

u | >CMc.CH„.CK>,Et (?), “ 

Imt at 100° this loses EtOII and becomes methyl - 
o.n/-QuiNimE {q. r.) (Knorr, B. 17,2032). Pseudo- 
cumyl-hydrazine produces the homologous hy- 
drazide CII 3 .C(N,H(iri.,Me :< ).CH,.CO,Et [78 J j. 
Longj'ellow needles (from alcohol), or thick prisms 
(from ether). V. sol. hot alcohol or ether, si. sol. 
cold alcohol or benzoline. Very unstable, and at 
130°-140° changes to oxy-tctra-mcthyl-quinizine: 
X 0. ch 2 
Mc 3 C„H< | 

\N—CMe 

\/ 

NH 

(Haller, B. 18, 700). 

7. Ilydroxylamine forms, as with .other 
ketones, the oxim : CH,.C(N0iI).CII„.C045t, 
6-Oximido-butyric acid, CH,.C(NOH).CH".CO,H; 
colourless crystals, [140°], si. sol. water, alcohol 
or ether (Westenbergcr, B. 16, 2996). 

8. Fuming nitric acid yields $&lic aoid and 
OXISIIDO-ACEIO-ACETIC ETHEB (g. O.) (PrSpper, A. 

222,48). . 

9. Snlphurijl Chloride forms mono- or di- 
cbloro-aceto-acetic ether, according to tho pro¬ 
portions used (Aliihn, B. ll,c“7): 

CHj.CO.CH,.COJit + SO.Cl,» 
CH,.CO.CHCI.CO,Et + SO- + HCb 


CHj.CO.CH,.CO, Et + 2SO,CL 


VAI].W.VSJ.2,W]UV T *UV.iVtg “ 

CH,.CO.CCI,.CO,Et + 2SO, + 2HC1.>K 
10. Bromine gives mono-, di -, tri-, and per 
BBOMO-iCETO-AOETIO ETHKES (Wedel. A. 21 A. Stt 
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. lit Chlorine tortus only di-OHnono-iOETO- 
AtETIO ETBEB (g. V.). 

13. Phosphorus pentachloride forms the chlo. 
rides of two Obiobo-ceojohio acids (g, t>.)* 

18. Dry frusiifacid heated lith aoeto-aoetie 
Other for 8 days at 100’ forms a cyanhydrin, 
OH,.C{OH)(CN).CH 2 .COjE^ which is converted 
by boiling dilate HC1 into oxy-pyrotartario acid 
(6. H. Morris, 0. J. 37, 7). 

14. Cyanogen Monde passed into sodio- 
aceto-acetio ether forms CvANo-AcisTo-ACF/no 
ETHEB to.».) CH,.CO.CH(CN).CO,Et (Haller a. 
Held, C. R. 95, 235). 

15. Ammonia, whether dry (Precht, B. 11, 
1193), aqueous or alcoholic (Duisborg, A. 212, 
171), produces the imide of aceto-acetio ether. 

Aceto-acetic ether imide C,,H n NO, [34°]. 
(213° uncor.) at 760 mm., (154°) at 154 mm. 
S.O.M'1-014. 8. (oonc. NH,Aq) 1-25. Dry Nil, 
is greedily absorbed by aceto-acetic ether, the 
compound CH ) .C(OH)(NH i ).CH r CO,Et being 
doubtless at first formed. The liquid soon se¬ 
parates into two layers, water and the imide of 
aceto-acetic ether. The latter is purified by 
distillation (Collie, A. 220, 297). Properties .— 
Colourless monoclinic prisms. V. si. sol. water, 
v. sol. alcohol, ether, benzene, CS, and CHC1,. 
Moisture greatly lowers its melting-point. It is 
CH,.C(NH).CH,.CO,EtorCH,.C(NH..):CH.CO..Et. 
Reactions.—(a) Aqueous IIC1 splits it up into 
NH, and aceto-acetic ether (Duisborg).— (h) Cold 
dilute NaOH has no action, but on warming it 
gives NH„HOEt,acetone and CO..—(c)Pb(OAo),, 
HgCl„ ZnSO„ or FeCl, also splits it into aceto- 
acetic ether and NH„ the latter throwing down 
the metallic hydrate. AgNO, does not give any 
pp.—(d) Glacial acetic acid also regenerates 
sceto-fgietic ether on boiling.—(e) Sodium amal¬ 
gam gives fi-oxy-Sutyric acid.—(/) ifitroos 
fumes passed into alcoholic solution forms nitro- 
Bo-oceto-aoetio ether. A by-product C s iI 1; N,/.) J , 
forms plates [170°].— (g) Ac,() at 100° forms an 
acetyl derivative, C,H„AoN0 2 [C3°] (232 ),which 
combines with bromine, forcing C r ,H| n AcBr.NO. 
[140°].— (h) Paraldehyde gives di-hydro-tri-me- 
thyl-pyridine di-carboxylio acid, which is also 
formed from aceto-acetic ether, NH„ and aldo- 
hyde.—(t) EtI at 100° forms ethyl-aceto-acetie 
ether and a base (c. 290°), possibly ethoxy- 
di-methyl-pyridine. Condensation-products : 
0„H„NO, [100°]. Present in the brown resin 
got when C,H„NO, is distilled under atmo- 
Bpherio pressure. Insolublo in alcohol and ether. 
Boiled with KOHAq it forms oxy-di-methyl- 
pyridine carboxylic acid. 

16. Aceto-acetic ether mcthyl-imide, 

CH„.C(NMe):CH,.CO.,13t or 
CH,.C(NHMe): CII.Cd.,Et, 

(133°) at 50 mm.. (215 ) at 760 inm., is formed in 
like manner from aceto-acetio ether and methyl - 
amine (Kuchert, B. 18,618). With paraldohyde 
and H,80, it gives a condensaAion-product, 
0,,HaO,N, which forms trimetrio crystals with 
blue fluorescence [86°]. 

17. Diethylamtumormsfi-di-cthyl-amido- 

crotonic ether, OH,.C(NEL):OH.CO.,Et, a 
liquid (lffl°-163°) at 20 mm. « 

18. Mated with aniline (1 mol.) at 120° it 
yields crystalline body, C^H^NO,, which melts 
at 81° ehd is probably the anilide of adfet-acetio 
aeid CH 1 .0(NPb).CH r OO,H. By dissolving this 


•ubstauce in gold H,SO,, H,0 is eliminated 
with formation of 0%. H-oxy-p’y. Sj-methyl. 
QuntOLnna (Knorr, B. l6‘, 8593). 

19^o-Phenylene-diamine forms:' 

, C„II,(N : CMe.CH,.CO,Et),. ,/ 

20. o-Tolylei 0 -diamine gives: 

CH,.C,H 3 <^>?!Mo.CH,.COjat. 

(Ladcnburg, B. 12, 951; Witt, B. 19, 2977). 

21. With aldehydes (Claisen, B. 12, 346) 1 

Cn 3 CO.CH,.CO,Et + I1COH - 
H ,0 + CH r CO.C(CH.R).COjjEt. 

The bodies are mixed in molecular proportions, 
and HOI is passed in at 0 3 . Or the bodies may 
be heated with Ac.O. Examples (Matthews, C. J. 
43,200):— (a) Isobulyric aldehyde gives O 10 H, e O, 
(219°-222 3 ). Oil. Smells like peppermint. Com¬ 
bines with bromine. (6) Valeric aldehyde gives 
e n II ls 0 3 (237°-241 c ). S.G. -9612. Oil. 
Smells of strawberries, (c) Chloral gives 
C h H 9 C1 3 0 3 (154°-158°) at 25 mm. S.G. $ 1*3420. 
From chloral, acet-acetic ether, and Ao 2 0 at 
150°. (rf) Furfural gives C„H l2 0 4 [62°), (188°- 
189°) at 30 mm. From furfural, acet-acetic ether, 
and Ac./). Easily soluble in chloroform, acetic 
acid, alcohol, and benzene. Largo doubly-refract¬ 
ing crystals (from light petroleum and ether). 

22. Aceto-acetio ether (2 mols.) condenses 
with aldehyde-ammonia , forming di-hydro-tri- 

MKTHIL-PYIUDINE-DI-CARBOXVLIC ETHER (q. V.) I 

2CH 3 .CO.CIL.CO..Et + CH 3 .CH(OH)NH.- 
311,0 + C a H 2 NMe 3 (CO,Et) ll . 

Since the product contains three methyls and 
two CO.,Et groups, we may assume these to be 
identical with the same groups in the reacting 
bodies. And inasmuch as the product is not 
acted upon by nitrous acid gas and forms an 
ammonium iodide with Mel, it would seem to 
be a tertiary base. Nevertheless, inasmuch as 
methylamine and aldehyde give a similar body, 
the reaction may probably bo represented thus: 

CHMo 

<J0 3 Et.CH O HC.COjEt 

Mc.COH H, HOC.Me 
• NH 

Me 
,CH 


t.c \i 


8H,0 + COjEt.C C.CO-Et 

fl il 

MeC CMe 




(Hantsch, A. 215, 74 ; B. 18,2579). Other alde¬ 
hydes in presenco of NH, form similar derivatives 
ofthcpyridmeseriesfo.Min’im.-rTittuniE). Thus 
cinnamic aldehyde and .ampionia forms di- 
methyl.styryl-di-hydro-pyridine di-carboxylifr 
ether, H,C 5 NMe,(CH: CHPh)(CO^t)„ [148 •] 
(Epstein, A. 231, 8). 

23. With fonnamide and ZiiOL aceto-acetio 
ether gives di-mothyl-pyridine carboxylit dthor 
(Canzeroni a. Spica, 0. 14,449). # , 

24. With acetamide amd A1G1, it forms 
CH,.C(NAo).CHyOO a Et [65"]. Needles. Converted 
by KOH into the amide of aceto-acetio ether. 

25. Mixing with acetamidiOc hydrochloride 
and dilute NaOH, and, after standing fog some 
days, evaporating to dryness and extracting 
with aloohol, yields a di-methyl-oiy-pyrimjjine, 

o 2 
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Bi _. \ N N:0(OH)/ ' 

NH.CO.NH.CMe: CH.CO 

cthe/flO^g TahJlv to'vw ' ed -"’ ith ac eto-aoetic 

It dissolves in alkalis cry f alI,sed f rom water. 
Its melting-po^Uit 18 ^"; 1 ,^^ 11 ..^ acids - 

cteo? t^° 3 aa ^pLVs q pp°ot 

^H 4 Ag N 2 S0 (Neneki a. Sieber, /« r . roTas 

^^MF^^" urca i 

mi '• / <»"-j 0 O 8 + C 7 H„NyO = C.-n.^N-O + FTO 

Khff Si" s ti? 4 H» A * 

carbamie ether, PhNncOFt’^Th" 3 ph ?' y1 ' 
indicate that the body CH VO jf ho ., reac(l01 ! 3 
tution NPhH.CO.N: [ 

“CV^C^Et 


cH,. c r' ■ v “‘V 

'N:0(0H)/ 


- o> O.CS, 

( c °nrada.G C u^‘r^; 2 T sE ‘ 

PbO^t^ZmV^ot^ f‘ h CS ' «< 

ether ’ CH..CO CiCSl m n ' Meto ' >cetil 
needles (from al^hon ^i 156 - 1 ^ 0 ^ Yell °* 
3. 10, 703) ] (Norton *■ Oppenhoim 

suspend 8 ed C !'n°benze r ne inf Qm i a ^‘°- aoet “ ethej 
ether S (CHAc.CO,Et) 2 [ 81 °J P ftCX°8 

35 With swccinic ac « it rea ct s thus: 

(Fittig, D. is, 252V). ^ a ° ld °» H A [200°] 
forms s«n™, “.® d L‘ hTOn 8 h ® red-hot tube 


V 'NPll' / 

(Behrend, 233,1). « 

m pilsencVof'a little’“thVaUSO^fo 
e°ohollf^K 0<: convert™'?® I 

ass—»= ! 
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1 ; h ^f« c (°H)M e .CII,.CO,E 1 - 

80 H '°n IilN , , C0 ' N: OMe.CH,.cdjEt. 

Mtinzer, Z?. 17 inoo. (Richtera. 

81. rfo 1 ^' ™gW-. 
basei 

-oS ether is courted by 


T» I 2 - c . -v.„e,oyyy,; t Q 

it forms Mni-in.o-lcrtrfrcif/ r 1 di “‘ 
products (Perkins inn n r i?' acd otl ier 

'^SChS at 8»fo 2 r 4 m 0) -~ 2 V By 

chloride at 120' (Wcdel, A 219 UB) Tn' 
sulphuric acid-. lllj l—3. By 

rC2 c f ;;i i / } / c «' ij )- co - o - c t H,( c ojr ) (co i Et) 

ether (1 pt.) and “old conmHSo' ^‘vis)f° 

bestos. SI. sol.coldtvate^m “ 3 i r f St ; mb ‘ in « «‘ 
ether, v. sol. alcohol? v e ’sol’ rftW°r W ® ter ?? d 
composed by heat * Tt %J •,!'° r< ’. form - De- 
when hot, has a spicy odour* Vi 1U f mUS a ? d ’ 

may bo represented thus: »g formation 

d C*Hi»0, => CjjIijjO, + 3CJI Oil 

f orra , carbonate 

neutralising with alcoholic potash“decoJplVs 

C.",(01IXC0 a U|.C0.0.C.H,(C0,H)C0 1 Et + K0H 1 

O.II,(CO.K)^ ' 


O. •--nw^ Wl is»+ifcOH» 
(;Q ) +C.n,(C0.Et)/^) + 2}?,0, 




^ XXK 

SiT” -i^ 

in solution. * ^ ^ 1 ts etller re *Haina 

^“cHC-ffivurt Carboxylic Acid 
t.±t ^C.C(CO a H). CM e : CH.CO.O 

(SlVerlt^srVotcS i F1UfTy «*** 

bf at Bublim M eT 0Clir,iC PrfBmS ( fro “ al< cohol). 01 ' May 
tyl ““’~ DiStiU6d ^th lime it g^ 8 meei . 
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voto waeajaraoeBa^l^i into bxjr* 
mesitene die&rbojylic acid,"' 

CH,.0{0H)C:0(C0 a H).CMe:CH.C0,H, 
which forms a stable oopper salt Cu,HjA",, but 
its alkalinesaHsipdilJ split off CO,: * 


tf)(CO,Na), i-BaOHw 
„ „ i )H)(CO s Na) + Na,CO„ 
forming oxy-mesitene Ihrboxylates. These 
readily*undergo a similar decomposition: 
0,H,(0H)(C0,Na) + NaOH=NaXO, + C„II„OH, 
probably forming • mesitenyl ’ alcohol, which at 
once changes to mesityl oxide. Baryta is the 
best alkali to use in these decompositions. 

Mesitene Lactone . 

CH,.C: CH.CMo :CH.C0.0 


[61-5°] (245° cor.). From iso-dchydraeetic acid 
by distillation, or by heating with H.SO, at 170°. 
Glittering tables. Very soluble in alcohol, ether, 
or water, sparingly so in CS,. Tastes bitter and 
spicy. Neutral to litmus. Separated by K,CO, 
from aqueous solution. Gives with Br in CS, a 
bromo-derivative, C e H,BrCO, [105°]. Converted 
even by water into oxy-mesitene carboxylic acid. 
Bence it is a 8-lactone. 

Oxy-mesitene Carboxylic Acid 
’ C„H,(OH){CO,H) i.c. 

CH,.C{OH) :CH.CMe:CII.CO,H. 

From its lactono (mositene-lactonc) by boiling 
with water or, better, with baryta. A thick 
liquid, soluble in water. Its salts are amor¬ 
phous, e.g. BaA'„ CaA',. These salts on boiling 
form carbonate and mesityl oxide. 

Alesiiene-lactone Carboxylate of Ethyl 
C 8 H,(CO s Et)CO, i.e. 

CH,,C: C(OO,Et).CMe:CII.C0.Q. 


Fornjed, together with its potassium salt, by the 
action of alcoholitvKOII on the product of con¬ 
densation of aceto-acctic ether, as described 
above. Also from its potassium salt by EtI. Also 
got when aoeto-acctic ether, saturated with BC1, 
is left at 0° for a month (I’olonowska, B. 19, 
2402). Oil. Beactions.-s(a) Br in CS, forms 
C,H,Br(CO,Et)CO, [87°]. Needles (from alcohol). 
— to) NH, passed into an alcoholic solution forms 
Batiny plates of C s H,(CO,Et)(CO,NHJ(ONH ) ) 
melting at [104°], giving oft 2NH, + H,0, and 
changing to the lactone. Warm water or cold 
alcohol also ohange it to the lactone. Cold HClAq 
liberates C,H,(CO,Et)(CO.H)(OH), which may bo 
extracted by ether. Small plates [76°]. Boiled 
with water, two-thirds are changed to lactone, 
and when the lactone is boiled with water, one- 
thirAbecomes oxy-acid. It forms salts of the form 
C,H,(OH){CO,Et)(CO,H), viz. CuA'.aq, PbA',aq. 
When the acid is boiled with alkali there is 
formed dohydracetic aoid and its decomposition 
products, mesityl oxide, acetone, and CO„ and 
the following decomposition also occurs: 

CH,C.«(C0,Ht).CMc:CH.C0.0 +3H,0= 


. 0H,.00,H+n0Zt+0H,(C0.H).C»tc.'CH.C0,E, 
resulting in homomesaconic acid. 

■ Homomesacnnio Aoid 

CH,(uU,H).CMe: CH.CO.JI 
[147°]. Small prisms (from water). V. sol. cold 
waferjand aloohol, si. sol. ether. Not vofctile 
with Jtearn, but sublimes about 120°. 

Salta. —BaA"4Saq.—CaA"aq.—CuA"2aq. — 
ifol".—KHA".—NH,HA". .* 


SI 

Theory of the Condensation. —Aa acetone gives 
mesityl' oxide or CH,.CO.CH:C(CH 1 )„ 

so aeeto-acetic ether, if it is CH,,CO.CH,CO,Et, 
should'give the diearboxylio ether of mesityl 
qidde, C # H,0(CO,Et)„ or the acid, C a H,0(CO,H),. 
Instead of this,at gives an isomeride of the latter, 
C,H,(OH)(COJI)„ so that the group CO.CH 
must have changed to C(OH):C. Assuming 
that this group pre-exists in aceto-acetic ether, 
the condensation would be as follows: 

OH,.C(OM)*(CO,Et)H+HO.CMoi!H.CO,K= 

0 H,.C( OH) :C( CO.EtJ.CMe :OH.CO,Kt+H.O= 
CH,. 0:C(C0,EtyUMe4JH.C0.Q +HOE1 +H,0. 

Aoetyl-aoeto-acetio Ether 
CH,.CO.CIIAc.CO,Et or CH,.C(OAc):OH.CO,Et 1 
di-accto-acctic ether. (200°~205°). S.G. 14 1-064 
(James); 1 4 1-101 (Elion). From aceto-aoetio 
ether (65 g.), ether (50 g.) and sodium (9 g.), by 
adding a solution of AcCl (30 g.) in ether (50 g.) 
in the cold (.1. W. James, A. 226,210; C. J. 47,1). 

Properties.— Pleasant smelling liquid, slightly 
decomposed on distillation. Miscible with alco¬ 
hol, ether, and benzene, hardly soluble in water, 
but slowly decomposed by it into acetic aoid and 
accto-acetio ether. Fe,Cl„ gives a raspberry-red 
colour, removed by SO,. 

Salts.— Acctyl-aceto-acelio acid is a strong 
acid, and can expel acetio acid from its salts. 
—CuA'„2aq: insoluble in water; [148°].— NaA' 
(Elion,If. 3, 255).—NiA',2aq. 

Reactions.— 1. NaOEt decomposes it into 
EtOAe and sodium aecto-aeetio ether. 

Benzeyl-aceto-acetic Ether 

CH s .CO.CBzH.CO,Et 

From Bodium aoeto-acctic ether and benzoyl 
chloride alone (Bonne, A. 187,1), or dissolved in 
ether (James, A. 22C, 220 j C. j. 47, 10). 

• Properties.— A fairly strong acid, capable of 
displacing acetio acid. 

Salt.— CuA'j (from benzene) [180’-190°]. 
Formed by shaking the ether with aqueous 
I cupric acetate. SI. sol. alcohol or benzene, m. soL 
i ether. 

! o-Nitro-benzoyl-aceto-acetio Ether.—Pre¬ 
pared aa above, using nitro-bcnzoyl chloride. 
It is an oil.* Boiled with dilute H,SO, it forms 
o-nitro-phenyl methyl ketone and also o-nitro- 
benzoyl-acetone in smaller quantity. • Cone. 
KOI! forms a salt CH s CO.C(C,H 1 NO a )K.CO,Et 
(Govekoht, A. 221, 323). 


Constitution of Aceto-acetic Ether. 

Some chemists adopt Falkland’s formula 
for accto-acetio ether, CH,CO.CH,.CO ! Et; others 
prefer Geuther’s formula, CHj.CiOHj.CH.COjEt; 
while a third party, relying upon the results of 
Bacyer’s researches into tm constitution of the 
derivatives of indigo, consider that both formifli 
are equally correct, or rather that at the moment 
of reaction the lira: may change into the sesond. 
Against Frankland’s formula it is argued 
(1) That the copper salt is blua sir*green, 
whereas compounds in which #onper is united 
to carbon (e.g. copper acqjylide) are red or yellow. 
. (2) That it does not account for the existence 

of acotyl and benzoyl derivatives. 

(3)*Ihe formation of hydw-quinone di- 
carboxylio ether, a body containing two tydrozyls, 
by the notion of sodium on di-bromo-aoeto-aceti4 
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Aerintive OXCO.O,H,NHBa £170°) (Higgin, 
C./. 41,188). Dilute HOI at 120° liberates the 
tree bases, which are described as Amdo-benm- 
rawtoxBs (a. v.). 

n-BENZOYL-PHENYLCARBAMIC ETHEB 

OA-CO-O.H t .NH,CO,Et [189°]. Prepared by 
the action of chloroformio ether on p-amido- 
benzophenone {Doebner a. Weiss, B. 11,1889; 
A. 210, 246). Plates. Sol. boiling alcohol, 
boiling acetic acid, and chloroform, insol. cold 
water. Decomposed by boiling KOH. 

BENZOYL PHENYL-CARBAMINE 
C,H 4 .CO.C k H 4 NC. Iso - cyano - benzophenone 
[119°]. From p-amido-benzophenono (10 g.), 
chloroform (8 g.), and alcoholic KOH (Doebner, 
A. 210,216). Silky needles, volatile with steam. 
SI. sol. hot water, v. sol. alcohol. Split up by 
acids into formic acid and amido-acetophenono. 
BENZOYL - PHENYLENE - DIAMINE v. 

PnENYLENK-DIAMINK. 

BENZOYLPHENYL-DI-ETHYL-AMINE v. 

Di-ETHYL-AMIDO-HENZoPHENONB. 

BENZOYL - PHENY L - DI - METHYL-AMINE 

v. Dimethyl-ami no-nENZorn enone. 


Converted by potash-fusion into bensoio and 
propionic odds. Heduoed by sodium amalgam 
to 7 -oxy-phenyl.butyric aoid (or its lactone), 
C,p v CH(OH).CH t .CH r CO t H. 

, Salts.—BaA',: needles. — AgA': b 1. sol. 

water. 

Ethyl ether. Ft A'. [82 j: white crys- 

tads, turned red by heat. 

Phcnyl-hydrazide 

C l( TI v C(N 2 HPh).C1I..CI I...COJI. [65°]. White 
silky needles, v. sol. alkalis, acids, alcohol, and 
benzene, si. sol. ether. 

BENZOYL-PROPIONIC ALDEHYDE 
C # H v CO.CH.,.<;H ..CHO. (2 ir. ). 8.0. *’ 1 005; 
A4 ‘998. Prepared by the action of water upon 
the compound of phenyl propyl ketone with 
CrOXL. Oil, sol. ether and chloroform. It 
readily reduces AgNO„ hut does not combine 
with NallSO,. Sodium-amalgam reduces it to 
syrupy C ti H 1 XI](0H).CH...CH. i .CI1..0H (o. 200°) 
(Bureker, .4. Oh. [5J 26, 469; G. It. 94, 220). 

BENZOYL-PROPIONIC-CARBOXYLIO ACID 
t’. Phknyl KTMYL KETONE Dl-CAItnoXYLIO ACID. 

BENZ0YL-PYB0CATECHIN v. Di-oxy-benz- 


p-DI-BENZOYL-DI-PHENYL-THIO-UREA 

SC(N H.CJI ,.CO.C B II s ) 2 . [106°]. Prepared by the 
action of CS 2 on an alcoholic solution of />- 
ainido-benzophonone in presence of a little. 
KOH (Doebner a. Weiss, B. 14, 1839). Colour¬ 
less plates. Sol. chloroform, si. sol. hot alcohol, 
ether, benzene and CS 2 ; insol. water. 

BENZOYL-PHENYL-METHANE is Benzoyl- 

PHENYL-CAHBAMIC K THE It {•}. I?.). 

BENZOYL - PIPER - PROPYL - ALKElN v. 

Benzoyl Oxypropyl-fiperidise. 

BENZOYL-PROPANE. CARBOXYLIC ACID 
v . Phenyl pkopyi. ketone cahhoxylic acid. 

o-BENZOYL-PROPIONIC ACID C,„I I )tt 0 3 is. 
C # H v CO.CHMe.C< Ul. Phenyl ethyl ketone 
a-carboxylic acid. From the ether and cone. 
H. ; SO„ tim mixture being left for 3 weeks. It 
is an oil and gives a reddish-brown colour with 
FojCl # . Alkalis produce phenyl ethyl ketone. 

Ethyl ether CH 3 .CllBzXOJ't. (227°) at 
226 mm. Formed by the action of NaOKt and 
Mel on benzoyl-acetic ether (./. t\). Aromatic 
smelling oil. FcXl* gives no colour in its alco¬ 
holic solution. NaOKt forms the sodium de¬ 
rivative CH,.CNaBz.CO..Ft. Phosphorus penta- 
chloride forms C u lI v CCl:CMe.COdvt (Perkin a. 
Caiman, C. J. 49, 156). 

0-benzoyl-propionic acid 
C b Hj.C0.CH,.CHj.C0 2 H. Phenyl ethyl ketone 
w-carboxylic acid. [HC 1 ]; [114 V J (DischoiT, B. 
19, 95). 

Formation.— 1. By the reduction of benzoyl- 
acrylic acid.—2. By the action of Al 2 Cl a (ll pts.) 
on a mixture of succinic anhydride (1 pt.) and 
benzene (10 pts.). The produol is shaken witil 
water, when the acid remain * ilis3olvcdyh the 
benzene, whence it is extracted by shaking with 
KOH and ppg. with HC1 (Burcker, Bl [2] 85, 
17 ; A. Ch. [5] 26, 433 ; Pechmann, B. 15, 889). 
8. By oxidising its aldehyde.—4. Its chloride 
is formed by the action of A1,C1, upon a 
mixture of auccinyl chloride (1 mol.) and 
benzene (1 mol.) (Claus, B. 20, 1375).—5. By 
heating benzoyl-isosuccinic acid above its melt¬ 
ing-point, CO, being evolved (Hues a. Paal, B. 
18, 8825). 

Properties. -White prisma, v. sol. hot water. 


OPHKNoNK. 

BENZOYL PYRROL v. Pyrrol. 

iVm/o-benzoyl-pyrrol v. Pyhuyi. phenyl 

KETONE. 

BENZOYL PYRUVIC ACID C W H H 0, i.e. 
CjlIj.CO.C 11 r CO.CO..H. [156’]. Obtained by 
saponitication of the ethyl ether. Yellowish, 
white prisms (from hot benzene). Strong acid. 
Evolves CO, at. its melting-point. 

Ethyl ether A'Et: |43 ]. Prepared by 
adding 18 pts. of acetophenone to a cooled solu¬ 
tion of l'*2 pts. of sodium in 160 pts. alcohol, 
and then 58-4 pts. of oxalic ether. The precipi¬ 
tate 1 sodium compound is washed with ether, 
dried, dissolved in iced water, and decomposed 
by CO^iifhcn the benzoyl-pyruvic ether crystal¬ 
lises out; tile yield is 78 p.c. of the theoretical. It 
crystallises from petroleum-ether in long prisma. 
V. sol. all ordinary solvents. Fo,Ci fl gives a 
bit>od-red colouration. The aqueous alcoliolio 
solution gives with cupric acetate a light-green 
pp. of (0,jH,,(),),Cu, this crystallises from hot 
benzene or alcohol in long green needles. By 
heating with dilute aqueous NaOH the ether is 
split up into acetophenone, oxalic acid, and 
alcohol. By boiling its acetic acid solution with 
phenyl-hydrazine it is converted into di phenyl- 
pyru/.ol-tarboxyiio ether C,HP]iN(NP)i).CO,£it. 
By cold alcoholic Nil, it is con verted into aceto¬ 
phenone, oxamidc, and alcohol (Leyer a. Claisen, 
B. 20, 2181). . 

BENZ0YL-QU7NALDINE v . Methyl-qui*. 
olyl phknyl ketone. 

BENZOYL-RESORCIN v. Di-oxy-jiknzoPHI- 

NONE. 9 

Di-bonxoyl-resorcin v . Dioxy-phenylen* di¬ 
phenyl I»1KK TONE. 

BENZOYL-SUCCINIC ACID. Phenyl ethyl 
ketone di - carboxylic acid. Ethyl ether 
CO,Et.CIIBz.CJI r CO,Et. (c. 205°) at 160 mm. 
From sodium-benzovl-acctic ether and chloro- 
acetic ether (Perkin, jun., C. J. 47, 274). 

Properties.— Thick colourless oil. Its aleo- 
holio solution gives a olaret colour with Fe,^ 
Cone. H,SO, forms a yellow solution turned raa 
by heat. NaOEt forms a solid sodium com* 
pound. Boiling baryta water decomposes it 
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needlei; 7. aJ. «oL w»t»r, T. «ol. »loobol. Boiling 
KOHAq forms KOBz, KSCN, alcohol, CO„ NH» 
and H,S, Heated alone it gives bensonitrile, 
CO, and mercaptan. Salt.—BzDE.CO.BEt: 

needles. 

BENZOYL THIOCYANATE v. Benzoyl 

StJLPHOCYAMIDH. 

BENZOYL-THIO-DBEA v. Tuio-chea. 
BENZOYL-THYMOL v. Thymol. 
BENZOYL-TOLOENE-SCLPHAMIDE 0 . Ton* 

CENE SULPHONIG SOD). 

BENZOYL-TOLBIDE v. Toluidine. 
BENZOYL-TOLDIDINE -IMIDE - CHLOBIDE 

V. «-CnLfHlO-.lF.NZYLlJ>ENE-TOLTTII>ENK. 

BENZOYL.TOLYLENE-DIAMINE v. Ton- 

YLKNE-DIAMINK. 

BENZOYL-TROPElNE v. Tnopre. 
BENZOYL-CEEA v. Ukea. 
BENZOYL-CRITIC ACID t). Piienyl tolye, 

KETONE 1)I-CABH0IYLI0 ACID. 

o-BENZOYL-VALER^C ETHER v. Propyl- 

BENZOYL-ACETIC F.THKIl. 

BENZOYL.XYLENE v. Phf.nyl iy;,yl ki< 

TONE. 

BENZOYL-XYLIDE V. XyI.IMKE. 

(«) BENZ-PINACOLINE C., u lL 0 O i.e. 
iyi 4 Cv-C„II s 

I >0 (?) [201°]. 

CJI.-C / C (> H S 
Ti tra-jihoiyl-etluileitc oxide. 

Formation .- 1. Toother with the (^-modi¬ 
fication by boiling tv 5 p.n. alcoholic solution of 
beuzophenono with zinc and 1101 (Thorner a. 
Zincko, it. It, (»"»).— 2. Together with benz- 
pimioono by heating an alcoholic solution of 
benzophemme with zinc, anti 11.80, (Thornor a. 
Zincko, li. 11, 13%).- 3. By the action of zinc- 
duat on an ethereal s.-hition of acetyl chloride 
(1 niol.) and henzophenum: (1 nioi.). If the 
acetyl chlotido iti Used in the (a)-bcnz* 

piniieoline first formed is converted into tho 
(ii)-benz-pinacoline (l\i:il, It. 17, t»ll).—4. By 
tho oxidation of tetra -phenyl-ethyleno with 
chromio mixture (IVhr, li. 5, 277). 

I'ropi'rtirs. N. edles. Almost insoluble in 
cold alcohol and in cold acetic acid. 

/kY<fWii.m.s\- 1. By acetyl chloride, IICl or 
1I.,S0 4 , it is converted into the (/^-modification. 
2. By heatin'; with soda lime it gives a hydro- 
j carh.m [211 j whi-di is possibly totruphonyl- 
Mhylene. 15. By CrO, and acetic acid it is 
oxidit ?d to benzophenoue. 

(H)-Benx-pinacoline (C.H^C.CO.CJh 
(T. a. Z.); [lb2°] iZagiuneimy). 

Formation. By boiling a concentrated solu. 
tion of benzophenoue i.i alcohol with zinc and 
fiCI for 20 hovra (Thorner a. /ineke, U. 10, 
1473v 11, 2. From benzpiuacono and 

A “'"' n.rt it;.,.. a 1X{| W) 5 


into bensoio «od rocolaic Midi. ouuw 

B^BO* form* benzoyl-propionic Mid. 

Di-beuxoyl-iucoinie add 
C0£.CHBz.CHBz.C0,H. Obtained by dissolving 
the etttet in alcoholic K.0H and treating with, 

BoS 0 4 (Perkin, jun„ G. J. 47, 265). The acid 
dissolved in alcohol gives a dark-green pp. with 
Fe a Gl r Cone. 11,80, forma a yellow solution, 
turned crimson by heat. 

Ethyl ether CO ? Kt.CHBz.CHBz.CO,Et. 

[180°]. Formed by adding iodine to a solution 
of sodium benzoyl-acetic ether in dry ether 
(Perkin, jun., C. J. 47, 202). Crystals (from 
alcohol); b 1. sol. cold alcohol, v. sol. ether. 

Cono. ILSOq forma a colourless solution 
turned red, olive-green, and finally bluish- 
red by heat. Sodium ethylate forms j 
CO,Et.CNallz.CNaBz.CO^Kt. In the alcoholic 
Bolution FojCL gives a red colour. Boiling dilute 
Bulphuric acid (1:2) forms an acid probably 
dipnenyl-furfurane dicarboxylic acid, 0,„H 
(238°!, whence Ac.,0 forms an ariliyilridu 
C,^li«0 <t (255") (Baoycr a. Perkin, It. 17, 02). 

B-Benxoyl-inosuccinic acid v. PiirnyIa ktiiyi. 

KRTONK »-I)I CAU»OXYHC AGIO. 

BENZOYL SULPHIDE (0,ll v .CO).8. f48*]. 

From B/CI and potassium tliiobi'ii/oato (Kngel- 
hardt, LatschinotT, a. Malysehelf, /. IhOs, 357). 

Waxy prisms, insol. water, v. sol. ether. Am¬ 
monia forms benzamide. and ammonium thio- 
benxoate. Alcoholic KOH forms KOBz and 
' KHB*. Alcoholic KHH forms KSli/.. 

Benxoyl diiulphido (CJI.('<>) S... Mol.w. 

274. |I2H -J J. Formed from CJlAlO.SlI by 

atmospheric. oxidation of its solution in CS, 

(Cloez, A. 115, 27), or by treatment with iodine, 

Fo,Cl,|, or UNO,. Also, together with B/...S, by 
warming B/.t’l with PbS and ether (Muslim;, .1. 

118, 801). When heated ilmvo its melting- 
point it turns violet. Prisms or taljk.-j (from 
08*), si. sol. boiling ether and alcohol. Insol. 
water, NH,A«j, and KOIIA.p Alcoholic KoiI 
forms KOBz and KSlta. Alcoholic KHH forms 
K8B*. 

BENZOYL 8ULPH0CYANIDE rjl.CDSCN. 

8.0. 4* 120. From B/.Cl and Pb(SCN),in the 
cold (Miguel, A. Ch. (5) 11, 300), Pungent 
liquid. Pecomposed by boiling water into 
benxamido and 008. On long standing it de- 
poBitsnu isoworide f lt»t>°}, which is decomposed 
by water at 200° into Nll„ benzoic acid, and 

H S * • 

J BENZ0YL - TARTAKIC ACID v. Taktauio 

AGIO. 

BENZOYL-TEREP^THALIC ACID v. Bknzo- 
ril*NoNK niCAU»ox\l.tC Aill>. , 

BENZOYL THI0ARS£NrfEC.,H, i As8 J O,»\c. ■ 

A»(SBz) s . 1170'’}. From BzCl and As„8 a . An 
amuiouiacal solution gives with HgCl a a pp. of , 

HgfbB?). (Bayman, 1U. (z! 47, 8J)0). 

BENZOYL TH10-CARBAMIC ACID j 

C,H.NSO r Methul ether Bz.NIl.CO.S.Mo. j From benzpinacone and dilute II St/, or HCl at 
f?7°j- From bnizovl sulphoovanide and methyl 200 J . It is even slowly formed* by repeattHllj 
aloohol (Miguel, A. Ch. [51 *11, 330). Blender j r eery s tul It sing bcnzpinacono from hot alcohol 
needles (from dilute alcohol). 81. sol. water, v. i (Z.). 1. From (o)-benzpinacoiine by heating 

•oh alcohol. Water in largo excess at 100 s j with AcCI. HCl, or II S0 4 . 
forms BzNIB, methyl alcohol, H a S, and CO,, j Prej\i alien. HClAq is added to t saturated 
Tv § a 11.- Bz X Na.CO.SM e. From the ethereal solution of betupinaeoue in HOAe until a tor. 

MoONn. ; built j appears. Tho miiture is boiled 4$ 

*v<V.I/,rVvVnvV 1 f r BYNn.CO.SEt. From ; minutes,with gradual addition ot HCiAn (Earn. 

ZK, m; ku tFt i Of Irorn alcohol. BiCl, aud ; me.my, Bl. [Sj 91, 333 ; 85, 560). ^ 
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A.OETO-AOETIO ACID 


ether. This indioates the presence of hydroxyl 
in di-broino-aoeto-aoetio ether. 

(4) The action of amllonia, and especially of 
di-ethylamine. 

In favour of Frankland’s formula may be noted 
the compounds with NaHSO,, phenyl-hydrazine, 
and hydroxylamine. t r 

The aotion of sodium upon aceto-acetic ether 
would be represented by Franklaud’s formula, 
thus: 

CH,.OO.OH > .CO,Et+Na=Cn,.CO.CXuH.CO,l!t + H. 

Ethyl iodide converts the product into etliyl- 
aoeto-acetic ether: 

CII,.OOX)J« , aH.CO.Et+EtI=CtT > .CO.CI!tn.OO,Et+NiiT 

These two reactions may be repeated upon the 
ethyl-aeeto-acetio ether: 

CH-CO.CKtU.CO.Et+Nn=CH,.CO.CEtNa.CO,Et+II 

CH,.OO.OKtNa.CO,lit+E«=01l,.CO.CI!t.,.CO,Et+NiiI. 

Adopting Geuther's formula, the four equations 
become: 

OH..O(OH)BE.CO,Et+Na=OTI 1 .ClONii):Cn.CO,Ht+n 
CH,.0(ON#)<3H.CO,Et+EtI=CII,.C(OKt):01I.CO,Et + N:iI 
0H,.0(0Et)CH.C0 1 Et+Na=ClI J .C(0Et):CN:i.C0 J Et+H 
CH,.C(0E.)«Na.C0 a Et+taI=CH,.C(013t):CEt.00,Kt+NaI 

It will be seen that the third and fourth equa¬ 
tions are similar to the first and second on 
Frankland’a hypothesis, but different in kind 
to the first and second if Geuther’s hypothesis 
be accepted. Such a difference is not borne out 
by experiment. Thus if it be held tiiat the 
action of sodium upon aceto-acetic other depends 
upon its affinity for oxygen, the third equation 
presents a difficulty. And if we suppose that, 
owing to some intra-molecular change, the third 
equation ought to be written thus: 
Cn,.tXOEt):CH.CO,Et+Nn-C[l,.C(OXa):OEt.OO,K+K 
then by the action of acetic acid on the product 
we ought to get an ether CH 3 .C(OiI):CEt.COdit 
isomeric, not identical, with ethyl-aeeto-acetio 
ether, CH,,C(OEt):CH.C0 2 Et; but the two ethers 
are found to be identical (James, C. J. 47,1). -In¬ 
asmuch as the change of CH 3 .G(OII):CKt.CX) 2 Et 
into CHj.C(Or-it) :C1 i XO.E t would be contrary 
to all analogy, it is necessary, if we adopt 
Geuther’s formula, to assume that the mode 
of formation of di-ethyl-aceto-acetio ether is 
something very different from that of etliyl- 
aegto-acetic ether. Again Geuther's formula 
would make methyl-ethyl-accto-icctic ether, 
CH,.C(OF.t):CMe.CO.,Et and ctliyl-mcthyl-aceto- 
aoetiai other, CH 3 .C(OMe):CEt.CO,Et isomeric, 
yet thiB does not appear to be the case (James). 

It may be said that there is some improba¬ 
bility in the assumption required by Fraukland's 
formula, of direct union between sodium and 
carbon, but such a union is known to occur in 
sodium acetylide'and sodium etliide, and it is 
very probable in many eases, such as sodio- 
malonic ether, sodium nitro-ethane, and sodic 
barbiturate. In order that hydrogen attached 
to carbon may bs’displaceable by metals, it is 
necessary that very powerlul chlorous groups 
should also be attached to the carbon, such as 
.the nitroxyl in nitro-ethane. One carbonyl, CO, 
is not sufficient to produco an acid, but two are. 
Thus tffe hydrogen in the group CO.CH 2 .CO is 
displaceable If metals, as in barbituric acid, 
fftfl.COv 

CO< >CHj. * 

'NH.CCK • 

These considerations account for the acidity of 
oeeto-aAtic ether, if we assume Frankland's 
formula CH,.CO.CH r CO.OH. 


Although the existence of acetyl-aoeto-abetla 
ether favours Geuther’s hypothesis, yet the fact 
that this body is a strong aoid is wholly opposed 
to that view, and Is very much better explained 
by the formula OH,.<JO.OH(£0.<aH,).CO.OEt, 
sinoe if two carBbnyls oan make the group CHf 
acid, d fortiori three carbonyls can have a simi¬ 
lar effect. * 

The formation of ethyl and di-elhyl-aoetone 
from ethyl-aoeto-acetio ether and di-ethyl-aceto- 
acetio ether respectively cannot be explained 
on Geuther’s hypothosis. 

If, therefore, we have to choose between one 
formula and the other, the balance of evidense 
would indicate CH ;i ,CO,CH .CO_,Et. 

Methyl aceto-acetate C 3 H a O, i.e. CH,,Ao.CO,Me 
(170° cor.) S.G. a 1-037 (Brandes, J.Z. 3, 25). 
From sodium and methyl acetate. Givcsaoherry- 
red colour with 1-VGL. it oiled with acids or strong 
bases it gives C0 2 , acetone, and MeOH. 

Suits.—CHj.CO.CIINa.OO.Me. SI. sol. ether. 
—Cu(C s H,0 3 ) 2 2aq. Separates on adding cupric 
acetate and baryta water to the ether as palo 
green crystals, insoluble in alcohol. 

Iso-butyl aceto - acetate CjHhO, i.e. 
CII.Ac.CO.CJI,, (202 a -200°) S.G. 2 -979 ; SJ-932. 
From iso-butyl acetate and sodium. 

Iso-amyl aceto-acetate i.e. 

CILAc.COAH,, (223°) S.G. -954. From 
iso-amyl acetate and Na (Conrad, A. 18G, 228). 
Converted by Cl into an oily di-ohloro-dorivative 
(Conrad, A. 180,213) and by NH, into the imide 
of aeeto-acetato of iso-amyl [190 -195°] (Collie, 
A. 220, 319). 

ALKYBATED ACETO-ACETIC ETHERS. 
Sodium aeeto-acctie cthc-r is converted by alkyl 
iodides into inono-alkyl aceto-acetic ethers, 
CIIj.CO.CXH.CO.Et. The sodium derivatives 
of thcsl are in like magner converted by 
alkyl iodides into di-aikyl-aceto-acetio ethers, 
CHj.CO.CXY.CO.Et. Such ethers are of great 
service in organic syntheses, for they are split up 
by weak alkalis into carbonic acid and mono- or 
di-alkyl acetones: CIL.CO.CXY.CO .Et + 2KOH- 
CIIj.CO.CXYU i Hdr'.t + K 2 CO s , and by strong 
potash into mono- or di-alkyl-acetic acid and 
acetic acid : Cll ,.G<).CXY.CO.,Et + 2KOH- 
GH r CO,K + HCX Y.COJv + HOEt. 

In practice the ketonio and acetic decompo¬ 
sitions both occur, at the same time, but the 
acetic decomposition increases with the con¬ 
centration of the alkali (\Vislieenus,A.20G, 308). 

Vrejxiration. -Tlio alkyi-aceto-acetio ethers 
are prepared by dissolving the calculated quan¬ 
tity of sodium in 10 times its weight of absolute 
alcohol, cooling, adding tlio acoio-acetio ether 
and then the alkyl iodide until the liquid, which 
may bo warmed, if necessary, is neutral to 
litmus. The greater part of the alcohol is then 
distilled off and water is added.s ThiB dissolves 
the Nal and the new ether rises as an oil and is 
fractionated (Conrad a. Limpach, A. 192,164). 

A. With one monovalent radicle. 

Methyl - aceto - aoetlo Acid C,H,0, i.e. 
CH,.C0.CHMe.C0 2 H. A totok liquid which 
splits up on warming into CO, .and methyl 
ethyl ketone (Ceresolo, B. 16, 1874). Its barium 
saw is soluble and gives a violet editor With 
Fe,Cl,. Nitrous aoid forms iso-nitroso-n^thyl- 
ethyl-ketqpe. 

Vat Apt Ether OH*CO.CHKe.CO,Ms 
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(17T’4* oor.) S.G. K 1-020 (Bnlndes, Z. 1866, 
IBB). From sodium aoeto-aoetate of methyl 
ana Mel. Smells like mint. Gives a violet-red 
colour with Fe a Cl,. . . 

Ethyl Mhe* OH/CO-CHMe-CO^qise-S’ 
|Cor.) (Geuther, *. 1866, 6). S.«. 4 l'OOD. Gives 
a deep blue colour with FeXl,. 

Reactions. —1. Sodium amalgam gives an 
ory-vaterio acid CH,CH(OH).CHMe.CO.,H.-2. 
Potash forms methyl-ethyl ketone, alcohol and 
KjCOj.— 3. PCI. gives chloro-methyl-crotonic 
acid r69-5°] (206*) (Riicker),chloro-methyl-ftecto- 
acetio ether, C,H„C10 S (180°) S.G. w 1-003, 
smelling of peppermint, and di-chloro-methyl- 
aceto-aoetio ethif (210°-220°) S.G. « 1-225 
(Isbert, A. 234, l|8).—4. Sodium and cyanogen 
chloride fonttjflfyano-methyl-aceto-acetic 
ether CAoMeCy.CO,Et (c. 93°) at 20 mm. S. G. 
as ’998. It is a colourless liquid insol. water and 
alkalis (Held, C. R. 95, 522; Bl. [2] 41, 330). 

Acetyl, derivative C„H u O, i.c. CMcAcXO Et. 
Methyl-$acatyl-acctic ether (205°-220°). From 
methyl-aoeto-acetio ether in ethereal solution 
and AcOl (James, A. 226, 219, G. J. 47,1). SI. 
sol. water. Coloured raspberry rod by Fe,Cl„. 
Does not pp. cupric acetate, even on addition of 
‘dilute NaOH. 

Ethyl-aceto-acetio acid. 

Methyl ether CH 3 .CO.CElH.CO.,Mo (189-7° 
cor.) S. G. "995 (Brandos, Z. 1866, 457), Fe a Ci fl 
gives deep violet colour. Cone. Nil , forms an 
oil C,H,jN 0 2 , the imide of ethyl-aceto-acetate of 
methyl insoluble in water, and also silky needles 
[83°] of a solublo amide (probably C„H„N0 2 see 
below) (llrandes, Z. 1866, 457). 

Ethyl ether C H II,,O a i.c. CAc.KUI.CO.Et 
(198° cor.) S.G. « -998 (G.); 13 -983 (F. D.) 
(Geuther, Ar. Ph. [2] 116, 97; Frankland a. 
Dup(fe, C.J. [2] 4,4196; Wislicenus, A. *86,187). 

Preparation.— Accto-acetic ether is dissolved 
in benzene and four-fifths of the calculated quan¬ 
tity of sodium added, then EtI, and tho product 
rectified. The accto-acetic ether recovered is 
treated with the remaining fifth of the sodium. 
Yield 70 per cent. (Wedol.Ta. 219, 100). 

Properties.— An oil. Coloured blue by Fe.Cl,,. 

Reactions. —1. Reduced by sodium amalgam 
to an oxy-hoxoic add, CII a .CH(OH).CHEt.CO,H. 
2. Boiled with banfla or weak alcoholic KOH, it J 
gives methyl propyl ketone.—3. Boiled with cone, 
alcoholic KOH, or heated with dry N aOEl, it gives 
n-butyric acid and acetic acid, or their ethers.— 
4. Treated with NaOEt and cyanogen chloride 
it forms cyano-ethyl-accto-acetic ether, 
CH s .CO.CF,tCy.CO.,Et (c. 105°) at 20 ram. S.G. 

-976. A colourless liquid with agreeable odour. 
Insol. in water or alkaline solutions, miscible 
with alcohol or ether (Held, C. It. 98, 522, Bl. 
[2] 41, 330).—6. Bromine acting on an ethereal 
solution fornftemono- di- and tri- iiuomo-etiiyl- 
aceto-acktio ether (q. ».).—6. PCI, gives mono- 

' and di- CHHOBO-BTUVL-ACETO-ACETIC ETHER, and 
only one OBLOBO-ETHYL-cnoTONfc acid (q. v.) 
(Isbert, A. 234, 183).—7. Benzoic aldehyde 
and HC1 fonn^wne benzylidene-ethyl-aeeto- 
acetio ether or oinnamoyl-ethyl-aoetio ether, 
Ph.CH:CH.OO.CHEt.CO a Et (210°) at 22 mm. 
Co»ver4fed by NaOEt and EtI into cinnamo^-di- 
ethyl-acetic ether.—8. Cono. aqueous ammonia 
forms two amides,one soluble inwatenC 8 H n NO„ 
the other insoluble, C,H la NO a . They are formed 


in equi-moleoular quantities t the oily insoluble 
amide crystallises when cooled. On distilling 
tho soluble amide doetfkiot pass over with steam. 

insoluble amide C,H„NO, imide of ethyl- 
aceto-acetio ether CH a .C(NH).ClIEt.CO.,Et or 
«H,.C(NH s ):CEt.CO s Et [59-5°]. Monoclinie 
tablets (from afcohol), smelling of peppermint. 
Decomposed by water, or dilute acids, into NH a 
and ethyl-aceto-acetio ether (Geuther, Z. 1871, 
217). 

Soluble amideC u H n N0 2 i.c. CAcIIEt.CONH, 
(90']. Needles (from water, alcohol, or ether). 
May be sublimed. May be obtained Irani the 
preceding body by heating with water at 135°. 
On dry distillation it gives NH a ,CO a and methyl 
propyl ketone. The latter body is also formed 
by beating it with water at 200°, with boiling 
aqueous HC1, with CaCL, ZnCL, P a O a , or PCI, 
(Isbert takes it to be di-ethyl ketone). Heated 
with dry KOH at 100° it forms butyric and acetic 
acids (Isbert, A. 234, 170). 

Sails.- CHj.CO.CNaEt.CO-Et. Formed by 
adding sodium to a solution of ethyl-aceto-acetio 
ether in drv ether or benzene (3 or 4 vols.) (J. W. 
James, C. J. 47,1). Also by shaking an ethereal 
solution of the other with perfectly dry NaOH 
(Elion, R. 3, 231). It is amorphous. V. sol. 
ether. A littlo water added to its ethereal solu¬ 
tion forms a pp. of CH 3 .CO.CNaEt.CO a Et aq, 
insol. other or benzeue, but sol. water or alcohol. 
Acetic aeid re-convcrts tho sodium salt into 
ethyl-aceto-acetic ether (v. constitution of ACETO- 
ACETIC ether). 

Ethyl accto-acetic ether forms no copper 
compound. This is thought to favour the for, 
mill a CHj.C(OEt): CII.CO.jE t. 

Iso-amyl ether CII a .CO.CHF,t.CO a C 3 Hi a 
(233° -236°) S.G. '937 gives no colour with, 

Fe..Cl. (Conrad, A. 1B6, 228). 

Acetyl derivative CH a .CO.CAcEt.CO a Et., 
Ethyl-di-acctyl-acclic ether (c. 230°); (144°- 
150°) at 50 mm. S.G. ** 1-034. From 
CHj.CO.CNaEt.COjEt and AoCl (Elion, R. 3, 
265). Liquid. Insol. KOIIAq. Gives no colour 
with Fc,Cl s . Alcoholic NH a converts it into 
acetamide and CH v CO.CI 1 lit.CO.lft. 

Allyl-a«to-acetic Ether C,II u O a i.e. 
CH a .CO.CH(C a H.,).CO.,Et (206°) (Zeidler, A. 187, 
33) (214° cor.) at 720 mm. (Perkin, (7*7. 45, 
540). S.G. f?. a -982 (Z.) ; U -993 ; H -985 (P.L 
From sodium accto-acetic ether and allyl iodidi> 
(Z. ; Wolff, -4. 201, 46). From aeeto-aeetio 
ether, allyl iodide, and ziuc, di-allyl-aceto-acetia 
ether being also formed (O. Hofmann, A. 201,77), 

Reactions.— 1. Fe..Cl„ givdfc a crimson colour. 
2. Boiling alcoholic KOH forms CO- and allyl* 
acetone.—3. Dry NaOEt at 150°-160° givesethyl 
acetate and allyl-acetato.-4. Sodium amalgam 
forms an oxy-heptenoio aci#, 0 

CH a .C(OII)H.CH(C a H a )CO a H. 

Propyl - aceto -aeetio Ether C,H 1S 0 3 i.e. 
CHj.CO.CHPr.COjEt (209°) S.G. | -981. From 
aceto-acetic ether (153g.) by adding first j solu¬ 
tion of sodium (27g.) in dry alcohol (2T0g.) an< 
then PrI (206g.) (Burton, Am. 8 ?, S85). Decom- 
posed by aqueous KOH 4nto CO a , alcohol, and 
•nethyl butyl ketone. 

Iso-propyl-aceto-acetio Ether C,H„O a Le. 
CHj.CO.CPrH.CO^Et (201°) at 158 mm. S.G.* 
•880. From sodium aceto-acetic ethewand iso¬ 
propyl iodide (Frankland a. Duppa, A. 145, 78) 
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Coloured pule reddish-violet bV Fe,OL (Demar- 
W, Bl. 27, 224). ' 

leo-bntyl-aeeto-Boetft Ether O.JI..O, i.e. 
®r.OH,CHAo.CO r Et (218°) S.G. It? -951. From 
sodium aceto-acetio ether and iso-butyl' iodide 
(Bohn, A. 190, 806). Decomposed by baryta 
giving methyl iso-amyl ketone" and iso-butyl- 
aoetio (heroic) aoid. 

Heptyl- aceto-acetio Ether 0„H 21 0, i.e. 
CH,.CO.CH(C,H|J.COjEt (272°) S.G. •9324. 
From sodium aceto-acetio ether and hoptyl 
iodide (Jourdan, A. 200, 105). Colourless oil. 
Decomposed by dilute alkalis into methyl octyl 
ketone and C0 2 ; and by cono. alkalis into 
acetic and n-ennoic acids. 

Secondary Heptyl-aceto-acetic Ether (250°- 
260°). Prepared similarly from secondary heptyl 
iodide (Venable, B. 13,1651). 

Octyl-aceto-acetio Ether CuH., fi 0 2 i.e. 
CHj.CO.C(C s H,,)H.CO-F,t (281°) S.G. -9354. 
From octyl iodide and sodium aceto-acetio other 
(Guthzeit, A. 204, 1). Decomposed by alcoholic 
KOH into methyl ennyl ketone and decoic 
acid. 

Benzyl - aceto-acetio Ether C„H,„O s i.e. 
CHj.CO.CH(CH,Ph)C0 2 Et (276°) S.G. 1030. 
From sodium aceto-acetio ether and benzyl chlo¬ 
ride (Ehrlich, B. 7, 690; A. 387,12 ; Conrad, B. 
11,1056). Sodium amalgam gives cxo-oxy-phenyl- 
valerio acid CH s .CH(On).CH(CH._,Ph).CO,Et. 
Alcoholic KOH forms phenyl-ethyl methyl 
ketone. 

B. With two Dt-valent Badicles : 

Ethylene-aoeto-acetic Acid. 
CHj.CO.CfCJiJ.COJI. From the ether by 
saponification. Liquid. Decomposed by heat 
or by dilute acids into tri-methylene methyl 
ketone 

y CH, 

CH,.CO.CH< | ’ and C0 2 . 

\ CH., 

Salt.—kgk'. , 

Ethyl ether.— EtA'(193°_195°). Fromaceto- : 
acetic ether (26g.) by adding a solution of sodium j 
fog.) in alcohol followed by ethylene bromide 
(38g.) The liquid is boiled for*-eight hours, 
filtered, and distilled. The residue is boiled for 
twelv* hours longer with a solution of sodium 
(5g.) in alcohol, evaporated, and treated with 
water. The ether is extracted by ether and 
dried over K 2 C0 2 (W.II.Perkin,jun., CJ. 47,834; I 
B. 16, 2136; 19, 1247). It reacts with phenyl- 
hydrazine, forming an oil. ! 

Ethylidene-actto-acetic Ether. 

CHj.CH: CAe.CO.,Et (210’_212°) S.G. 15 1-023 
By passing HCl into aldehyde (1 pt.) mixed with 
aooto-aeetio ether (3 pts.) (L. Claisen a. F. H. 
Matthews, A. 218, 272 ; Claisen, 11. 14, 345). 

Pungent ethereal oil. Miscible with H 2 SO,. 

Reactions .—1, Hot potash decomposes it, 
forming aldehyde.—2. Combines with bromine. 

Tjt-chloro-ethylidene-aceto-acetic Ethor. 

CC1..CH : CAo.COjEt. S.G. li 1-342 

From chleftl, aceto-acetio ether and Ac 2 0 at 
100°. (Claisen a. Matthews. A. 218, 175). 

Thick oil. Decomposed by heat. 

■ Propylene-aceto-aoetio Acid. 

•«H,.CH v 


CH,- 


J>CAo.COjH 


CH./ 


From the ether by*, saponifioation. Oil 
Forms an amorphous silver salt, AgA'. 

Ethylether (210°-215°) at 720 mm. Aceto- 
acetio gther (26g.) is heated with sodium (4*6g.), 
dissolved in dry alcohol" and pcppylene bromide 
(40g.) at 100°. ®After two days the tubes ara 
opened and a fresh quantity of alcoholic NaOEt 
(from 4-6g. sodiumpis added, and the tubes 
heated aga(n at 100° (Perkin, jun., B. 17,1443). 

Tri-metliylene Bromide acts on aceto- 
aoetio ether in presence of NaOEt, but the 
product C.H.,0, (V.D. 6-21) is not tri-methylene- 
aceto-acetio ether, for its boiling point (223°) and 
molecular magnetic rotation, 10-195, are both 
too high, and it docs not react with phenyl- 
hydrazine. It is, however, the ether of a crys¬ 
talline acid which splits np on distillation into 
CO. and C 6 H,„0, and on boiling with water into 
CO.,and acctyl-butyl alcohol. The aoid isprobably 
•C(C0 2 H):CMo 

\cH„.CH„.i> 

(Perkin, jun., B. 16, 208,1789; 19, 1247, 2557). 

Iso-bntylidene-aeeto-acetic Ether 
(CH,) 2 Cn.CH:CAo.CO.Et(219°_222°). 

From isobutyric aldehyde, aceto-acetio ether 
and TOl (Claisen a. Matthews, A. 218,174). 

Liquid smelling of peppermint. 

Iso-amylidene-aceto-acetic Ether. 
(CHj),CH.CH 2 .CH:CAc.CO.,Et 
(237°-241°) S.G. 15 -961. From valeric aldehyde, 
aceto-acotic ether and HCl (Claison a. Matthews, 
A. 218, 174). 

Benzylidene-aceto-acetic Ether 
Ph.CH ; CAc.CO.Et (a-aceto-cinnamio ether), 
[60 ] (180°_182°) at 17 mm. (295°-297°) at 760 
mm. From aceto-acetio ether, benzoic aldehyde 
and gaseous HC) at O ’. (Claisen a. Matthews, 
A. 218,1.77) 4 or 6 sided tallies (from alcohol); 
trimetric, a: b: c - -447:1 : -962. Colourless oil, 
solidifying very slowly. V. sol. chjoroform, m. 
sol. cold alcohol, ether, glacial acetic acid or 
CS... v. si. snl. benzoline. Insoluble in aqueous 
KOII. H.SO, forms a bright yellow solution 
which, on warming, Becomes very dark red. On 
pouring this solution into water a white pp. 
is formed, and on adding NaOH this dissolves, 
forming a violet solution. 

Reactions. —Bromine in ether forms a di- 
bromide [97°]. This forms short needles (from 
benzoline). 

Theory of the Process.— Bcnzoio aldehyde 
probably first combines with I1C1 forming 
Ph.OH(OH)Cl, and this reacts with aceto-acetio 
ether thus: 

Ph.CHCl(OH) r CTI.Ac.C0 2 Et=> ' 

ILO + Ph.CHCl.CHAc.CO.Et. 

Two compounds of this formula may be isolated 
before distillation, one forms prisms [41°), the 
other small rhombohedra or ofticlinio tables 
[72°] (both from benzoline). They are both 
unstable, giving of! HOI. One of them has pro- 
bably the formula Ph.CHCl.CHAo.C0 2 Et and 
decomposes into HCl and Ph.CH:CAo.C0 2 Et, 
which recombines with HOi 4*rming the other 
Ph.CHj.CClAc.COjEt. On distillation both pro¬ 
bably give HCl and benzylidene-aceto-acetic ether. 

TBenzylidene-ethyl-aceto-acetio EthAr o 
Ph.CH-.CH.CO.OHEt.COjEt 
(205°-22®°) at 22 mm. (Cinnamoyl-ethyl-acetie 
ether). STom benzoio aldehyde, ethyl-aeeto- 
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acctle ether, and HCL Yield small (Claisen a. 
Matthews, A. 318,184). 

BenzyUdene-di-ethyl-aceto-ai&tte Ether 

v Ph.CH:CH.CO.CEt..C0 2 Et, 

|101 o -10l°]. • formation.— Q) From the above, 
NaOEt, and EtI.—(2) From benz.oio aldehyde,* 
di-etbyl-aceto-aeetic etl^r, and HC1 (C.M.). Tri- 
oliujp prisms (from benzoline). V. sol. ether 
or chloroform, m. sol. cold alcohol or benzoline. 
Bibromide [55°J. 

Farfaral-aceto-acetio Ether 

(C s H,0)"CAc.C0jEt 

[62-5°]. (189°) at 30 mm. From fnrfur-aldchyde, 
aceto-acetic ether, and Ac 2 0 at 160°. (Claisen 
a. Matthews, A. 218,176.) Trimetric crystals, 
a : b : c = ’439 : 1 : -405. V. sol. alcohol, glacial 
acetic acid, chloroform, and bcnzone. M. sol. 
ether, si. sol. benzoline. 

C. With two Monovalent Kadicles. 

Di-methyl-aceto-acetio Acid 

i.e. CIIj.CO.CMe 2 .C0 2 H. 

From the ether by dissolving in cold dilute 
(2{ per cent.) aqueous KOII, setting aside for a 
day or two, then acidifying with H.SO ( , ex¬ 
tracting with ether, evaporating the ether, and 
triturating with BaC0 3 . The crystalline barium 
salt.BaA-', is decomposed by diluto II.SO, (Core- 
sole, B. iff, 1871). Very hygroscopic crystals, 
which slowly split up into CO- and methyl iso¬ 
propyl ketone. The barium salt gives a brown 
colour or pp. with Fe 2 Ci t . It reduces boiling 
silver nitrate. 

Ethyl Ether 

C,H,,0, i.e. CHj.CO.CMe 2 .C0 2 Et 
(184°) S.O. - 1 ---J91. From sodium methyl-accto- 
acetic ether and Mel (Frankland a. Duppa, A. 
138, 328). Potash or baryta splits it up into 
al<$hol, C0 2 , and methyl iso-propyl ketone. 

Methyl-ethyl*aceto-acetic Ether* 
CH,.CO.CMeEt.CO.,Et 

(196° uncor.) (J.) (201° i. V.) ‘(Wisliccnus, A. 
219, 308). S.G. f). 3 ’947. From sodium ethyl- 
aceto-acctic ether and Mel (Saur, A. 188, 257); 
or sodium mcthyl-accfa-acetio ether and EtI 
(J. W. James, A. 226, 209 j C. J. 47, 1). Oil. 
Fe 2 Cl B gives a violet colour. Distilled with dry 
NaOEt it gives ethyl acetate and ethyl methyl- 
ethyl-aeetate (or valerate). 

Methyl-allyl-aceto-acetic Ether 
C, 0 H„0 3 i.e. CHj.CO.CMe(C a TI s )C0 2 Et 
(o. 209°-211 ). From allyl-aceto-acctic ether, 
Mel, and NaOEt (James, C. J. 47, 3). Pleasant- 
smelling oil, miscible with alcohol, ether, or ben¬ 
zene. Fo.Cl, gives no colour. The same body 
may be got from methyl-accto-acetic ether, allyl 
iodide, and NaOEt. 

Methyl-propyl-aeeto-aoetio Ether 
C.JI.A i.e. CIIj.CO.CMePr.COjEt 
(214°) (L.K.l; (216°) (J.). S.O. U -959 (L.K.) i 
V ‘9576 (J./! From metliyl-aceto-acetio ether, 
NaOEt, and PrI (Liebermann a. Kleemann, B. 
17, 918) or from propyl-aceto-ac*tio ether, NaOEt, 
and Mel (E. J. Jones, A. 226, 287). 

bi-ethyl-aceto-acetio acid 

OHjfEO.CfCjIIJj.COjH. 

Thick colourless liquid. SI. sol. water. 

Preparation. —Di-ethyl-acet-acetio ether if 
lift fja' the cold for several weeks with*0 p.o. 
aqueous KOH. After removing the unaltered 
ether, the product is acidified an<^*ztracted with 
ether, and the acid purified by conversion into 


the barium salt, acidifying the latter, and again 
extracting with ettar. 

Reactions .—It decomposes very slowly in the 
cold, but on heating to 60° it rapidly evolves 
CO., forming di-ethyl-acetone. The latter body 
is also formed by distilling the.barium salt. 

Salts.— *Na; easily soluble white micro¬ 
scopic crystals.—A 2 Ba 2aq; transparent prisms, 
rotates on water (Ceresolo, B. 16, 830). 

Ethyl ether O, 0 H, 8 O, i.e. CH 2 .CO.CEt 2 .C0 2 Et 
(218°). S.O. 22 -974. From sodium ethyl-aceto- 
acetic ether and EtI (Frankland a. Duppa, A. 
138, 211J James, A. 226,205). From Cl.C0 2 Et, 
Na, and EtI (Geuthor a. Matthey, J.pr. [2] 6, 

Reactions.— 1. With hot aqueous baryta it 
gives di-ethyl-acetono.—2. Distilled with dry 
NaOEt it gives di-etliyl-acetic (hoxoic) ether, 
acetic acid, and sodic di-ethyl-acetate.—3. PC1 3 
gives mono- and di-chloro-di-ethyl-aceto-acetio 
ether and chloro-ethyl-erotonic ether (James, 
A. 231,235).—4i With benzoic aldehyde and HC1 
gas it forms some C,H J .CH:CH.CO.CEt 2 .C0 2 Et, 
cinnamoyl-di-ethyl-aeetic ether. Crystals, 
[102°], (200°-205°) at 3 mm. Easily soluble in 
ether and chloroform, slightly in cold alcohol 
and in light petroleum (Matthews, G. J. 43, 205). 
llromino in chloroform forms a di-bromide, 
[55°]. Prisms v. sol. alcohol and light petroleum. 

Di-allyl-aceto-acetic Ether 

C|«H|,0, i.e. CHj.CO.CfCjHjJjCOjEt 
(240°). S.G. - 948. From sodium allyl-aceto- 
acetic ether and allyl bromide (Wolff, A. 201,45). 
From aceto-acetic ether, allyl iodide, and zinc 
(O. Hofmann, A. 201, 77). Colourless oil, with 
faint, peculiar odour. Insol. water, sol. alcohol, 
ether, or benzene. Boiling cone. KOHAq forms 
di-allyl-acetone, or methyl heptinyl ketone, and 
di-allyl-acetic acid. 

Di-propyl-aceto-acetio Ether C l2 H 2! 0, t.e. 
CH,.C0.CPr 2 .CO-Et (236°). S.G. = -9585. From 
sodium propyl-aceto-acetie ether and Pr^fBurton, 
Am. 3, 380). Alkalis split it up, giving di- 
propyl-aceto-aeetie ether and di-propyl-acetone 
or methyl heptyl ketone. 

Di-isqhutyl-aceto-acetic Ether C, ,H 2 ,0 3 i.e, 
(PrCIL).CAc.CO-Et (250°-253°). S.G. 12 -947. 
From sodium isobutyl-aceto-acetic ether and iso¬ 
butyl iodide (Mixter, B. 7, 500). • 

Di-u-heptyl-aceto-acetic Ether 

a.IP.A i.c. CH s CO.C(C,H 15 ) 2 COjEt 
(332°) S.G. ~ '891. Formed together with di- 
licptyl-acetio ether and methyl octyl ketone by 
heating sodium heptyl-adtto-acetic ether with 
heptyl iodide and dry alcohol for a long time 
(Jourdan, A. 200, 112). Decomposed by dilute 
alkalis into C0 2 and methyl pentadeoyl ketone, 
and by concentrated all*lis into acetio an^di- 
heptyl-acetic (hexadeooie) acids. 

Di-octyl-aceto-acetic Ether 
C-.H ) 2 Oj i.e. CH 3 .CO.C(0„H„) 3 .CO 3 Et 
(264°) at 90 mm. (340°-342°) at 760 qji». From 
octyl-aceto-acetic ether, NaO)j4,and octyl iodide 
(Guthzeit, A. 204, 9). Decomposed by alkalis . 
into di-octyl-acelono (methyl heptadeoyl ketone) • 
and di-ootyl-acetio (heptadecoio) acid. 

Bbniyl-methyl-aoeto-aeetk Acid 

0,,H m O, i.e. CHj.CO.CMe(CH 2 Ph).COjH 
[34°] (275°). From tho ether by saponification 
SI. sol. oold water. Salt : AgA'. 



ACEl’O-AOEtlO ACID. 

„ E lhyl tther-TZtk' (287°). S.G. ft 1"046. ductingtube terminating JU |. aW Ti uicw 
Prepared ay action of Mel on a mixture of the resulting mixture of acetone' vapour and am- 
benzyl-aeeto-acetlo aoid and sodium ethylate monia is passed through a tube heated to 100°, 


(Conrad, B. 11, 1055). 

: Beneyl cfAsr—PhCHA' (53°?). Methyl hy. 

dro-cinnamein. liquid. 

Bsnzyl-ethyl-aceto-aoatic Ethfr 
CH J .C0.CEt(CH 2 Ph).C0 i Et 
(296°). Colourless liquid. 

Di-benzyl-aceto-acetio Ether 

CH 3 .CO.C(CH 2 Ph).,.CO..Et. 

From sodium benzyl-aceto-acetic ether and 
benzyl chloride (Ehrlich, A. 187, 21). Thick 
non-volatile liquid. 

OTHElt DERIVATIVES of aceto-acetic acid 
will bedescribed as acetyl derivatives,c.y. Acetyl- 
GLUTABIC ETHER, ACETYL-SCCCINIC ETHE11, A'C. Sec 
also Oxy-acetd-acetic ether, Oxy-di-etiiyl- 
ACETO-AOETIC ETHEli, OxY-DI-METIIYL-ACETO-ACETIC 
ETHER. 

For analogous acids see Propionyl-propionic 

ACID, VaLEIIYL-VALERIC AC1U. 

ACETO-BENZOYL-BENZOIC ANHYDRIDE v. 
Benzoyl-benzoic acetic anhyihiihe. 

ACETO-BROMO-ACETIC ETHEK v. Bromo- 

ACKTO-ACEUIC ETHER. 

ACETO-BROHO-AMIDE v. Acetamide. 
ACETO-BUTYBIC ACID v. Acetyl-butyric 
acid. 

ACETO-CHLORO-AMIDE v, Acetamide, 
ACETO-CHLORHYDRIN v. Glycerin. 
ACETO-CHLOBHYDBOSE: C,,U, S C10,, i.c. 
CjHjAfljOjCl. Formed by treating 1 mol. an¬ 
hydrous glucose with 5 mol. AcCl, and purilied 
by splution in chloroform, agitation with sodium 
carbonate, and evaporation. - Semifluid; some¬ 
times crystalline. Dexlro-gyrate. Bitter. In¬ 
sol. in water, slightly sol. in CS.,, easily in alco¬ 
hol, ether and chloroform. Distils in a" vacuum, 
partly undecomposed. Gives up all its chlorine 
to alcoholic silver nitrate. Reduces Fehling’s 
solution. Reconverted into glucose by heating 
with water (Colley, C. B., 70, -101). II. W. 
ACET0-CZNNAM0NE v. Benzylidenk-ace- 

TONE. 

ACETO-COUMARIC ACID v. Counftjtic acid. 
ACETO-CUBCUMIN r. Cubcemin. 
ACEyO-ETHYL NITRATE 0,11,0, 2C..H.NO, 
(84°-86°) S.G, ts 1-0-15. Formed by dry distil¬ 
lation of potassium ethyl-sulphate witli potas¬ 
sium nitrate. Liquid, having a sweet taste and 
aromatic odour. Explodes violently when heated 
above its boiling point. Not miscible with water. 
Resolved by hcatingd'ith potash-lye into aldehyde 
and nitric acid (Xadier, A. llfi, 173). H. W. 
ACET0-ETHY1-SUCCINIC ACID v. Acetyl- 

ETHtL-SUCCINIO ACID. 

wACETO-ETHYE-TKIENONE y. Etiiyl-thi- 

ENYL METHYL KETONE. 

ACETO-GLYCEROLS y. Glycerin. 
ACETO-OUANAMINE t\ Guanidine. 
AC^tO-TETRA-METHYLENE v. Tktrame- 

niYLENE BeTHYL KETONE. 

ACETO-ME»HYL-THIENONE v. Mkthsl- 

THIENYL METHYL XETON*. 

ACETONAMINES. 

. Di-Acetonamine , 

C„H„NO %$. CH,.C0.CH.,.CMe 2 .NH a . 
PrepaAition.— 1. Dry ammonia-gaB is passed 
into a flask containing boiling acetone, the eon- 


I and themthrough a condensing tube ; the distil' 
late is neutralised with sulphtfry: aoid diluted 
with an equal voftme of water, and, after re¬ 
moving the ammoniuuLSuIphate which oryBtal- 
lises out, and distilling off unaltered acetone, the 
liquid is evaporated to dryness and the residue 
exhausted with boiling alcohol. Diacetonamine 
sulphate then crystallises out on cooling, and 
may be purified by recrystallisation from alcohol 
(Hcintz, A. 17-1,151).— 2. Acetone saturated with 
ammonia is loft to itself for three or four weeks, 
finely pounded oxalic acid is then added in quan¬ 
tity sufficient to form an acid salt, ami a quantity 
of water equal to that of the acetone. The re¬ 
sulting crystalline precipitate is easily separated 
by boiling alcohol into insoluble ammonium ox- 
alato and soluble diacetonamine oxalate. A f ur- 
ther quantity of this last salt remains in the 
mother-liquor, together with salts of other baser 
(Sokoloff a. Latsehinoff, B. 7,1384). 

Properties. —Free diacetonamine, separated 
from either of its salts by adding strong soda-lye 
and agitating with ether, is a colourless liquid 
lighter than water, having an ammoniacal odour 
and strong alkaline reaction; more soluble in 
cold than in hot water, mixes in all proportions 
with alcohol and ether; oxidises and turns brown 
on exposure to the air; forms crystalline salts 
with hydrochloric,sulphuric, and oxalic acids. By 
distillation it is for the most part resolved into 
NIL, ami mesityl oxide C„II„,0, and on tho other 
hand is easily formed by direct combination of 
these bodies: C,,}£,„() + NIL,» C„H,.,NO. 

Salts. —C,|H 13 NOHCl crystallises from alco¬ 
hol in rhombic prisms, v. sol. alcohol, resolved 
by dry distillation into N 14,01 and C t 3,„0 
(ltcintz, A. 175,252)—(C l ,H ls N0,IICl) 2 PtCl„21I. J 0 
crystallises from water, in which it is easily so¬ 
luble (according to Sokoloff a. Latsehinoff; also 
in dilute alcohol), in orange-yellow monoclinio 
prisms containing 2II..O, which they give off 
ill a vacuum (H.); unSc.r ordinary pressure (3. 
and Li.). Tile normal ocealatc (CJI l:! N0)_C,H 2 0, 
forms monoclinic tablets, very soluble in cold 
water, less soluble in alcohol than tlio acid salt. 
This latter C U H |:I N(),C41,0,,110, forms mono¬ 
clinic prisms; very soluble in hot, less in cold, 
water; easily in boiling alcohol, from which it 
separates out almost completely on cooling. The 
picrate C„H| S N0,C„H ;i (N0. j ) 3 0,II. j 0, forms gold- 
yellow needles, somewhat sparingly soluble in 
cold water. Thcsulphate (C # H,,NO).,II 2 S0 1 foym8 
monoclinic crystals (from alcohol). ’ 

lleactions. —1. UNO., decomposes tho salts 
forming di-acetoue alcohol and mesityl oxide: 

2CJI n NO + 2IINO.= 

C„H,,0.. i- C„H|„0 + 2N a ; Sd* 2 0. 

2. Chromic acid mixture converts it into para¬ 
formaldehyde together with formic, acetic, and 
amido-iso-valorio acids NH 2 .CMc 2 .CH 2 .COjH, 
and a small quantity of amido-iso-butyric acid 
NIL.CMe,.CO,H (Hcintz, A. *U3,.45).-8. Solid 
KOH forms an anhydride, C, 2 H ! jN s O [83°]. 
This is v. sol. alcohol, chloroform, or benzene, 
m. s8!. other or light petroleum. Hot water 
decomposes it (Antrick, A. 227, 381). It forms 
a salt, (C,.,H il N 2 OHGl) 2 PtCl„ when dry. Small 
prisms.—4. &n aqueous solution of diaceto- 
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nmtoe hydrochlerMe heated for ten hours at is formed by direct combination of ^constituents. 
ISO’ with aqueous hydrocyanic acid forms the 100 pts. water at 14° dissolve 8-05 pis. of th» 


hydrochlorides of diacetonamine eyanbydrin 
and of nitrilo-diacetomunine, .iogethe* with a 
little ami#o-i*>-1butyrio acid_(Heintz, A. 189, 
281 i 192,340).—5. Diacetonamine oxalate boiled 
with alcoholio solution of aldehydes forms 
oondqpsation products.—6, Sodium amalgam 
reduces di-acetonamine to a secondary amido- 
iso-hexyl alcohol CH s .CH(OH).CH.,.CJle.,NH,. 

CYANHYDRINS. 

Di-Acetonamine cyar hydrin 

C,H„N.,0 or Me.C(OII)(CS).CH 2 .CMe J .NH,. 

Carbyio-di-acctonaiuinc. —Prepared as de¬ 
scribed above ( Reaction 4).—Trimctric prisms. 
V. sol. water.. Decomposed by boiling alcohol 
into HCN and diacetonamine. Boiling HC1 
saponifies it, forming Oxv-amido-iieptoic acid 
(g. V.), Mo.C(OH)(CO,II). CH... Clfe, NH„ the 
greater part of which changes to its anliydride, 
di-oxy-tri-methyl-pyrrolinc, 

.CO — NH 
MeC(OH)< | 

\CH..—CMe., 

(Heintz, A. 192,329; Weil, ~A. 232, 208 r. Pvmio- 
, pine). 

Nitrilo-di-Acetonamine C,H,,N.O. The liy- 
drochlorido is obtained, as above stated, to¬ 
gether with its isomeride. The free base is crys¬ 
talline, easily soluble in water, sparingly in ether, 
and absorbs CO._, from the air. Distinguished 
Irora carbylodiacetonamine by remaining un¬ 
altered when heated to 100 3 -110° with fuming 
hydrochloric acid. Resolved by boiling with 
baryta water into NH, and 
oxybntyric acid C.ll. lsO, 


anhydrous salt (Heintz, J. 1877, 442). 
Pentylidene-di-aoetonamlne CnH^NO 


CHMo,CH 2 .CH< 


CH. 


*\NH.CMe/ 

Valcral-di-acetonamine ; oxy-di-metliyLiso-butyl- 
tetra-hydro-pyridine [15°-22 0 ]. From valeric 
aldehyde and alcoholic di-acetonamine oxalate 
(Antrick, A. 227, 307). Needles in stars (from, 
ether). Insol. water, sol. alcohol, ether, benzene, 
and petroleum. 

Sails. ~B',H,C,O v Needles [190°]. V. si. . 
sol. cold water or alcohol.— (BTICl) 2 PtCI 4 [205°]. 
Heptylidene-di-acctonamine G J3 H 2i NO or 
,ch 2 . COv 

C 0 H la .C ' >CH 2 
'NII.CMe/ 

Oxy-di-mcthyl-licxyl-tctra-liydro-pyridine 
[29'3 G J. From umanth-aldehyde and alcoholic 
di-acetonamine oxalate (Antrick, A. 227, 370). 
Needles (from ether). Oxalate li' 2 H 2 C 2 0 4 [o. 150°]. 
Benzylideno-di-acetonamine C lg H 1T NO or 
>CH 2 . C(\ 

Ph.CH< >CH 2 

\NH.CMe/ 

Oxy-phenyl-di-methyl-tetra-hydro-pyridine [61°], 
(230°). Obtained as oxalate, by boiling 1 pt„ 

! benzaldeliyde, 1 pt. acid diacetonamine oxalate* 

| and 12 pts. alcohol, gradually separating as & 

I powder which may be purified by crystallisation 
j from water. Colourless needles or monoclinio 
amido-trimethyl- prisms (from ether). V. sol. alcohol and ether 
. .. i* 8 anhydride, j s ], sol. water. Tasteless, has a faint aro- 

The platiuochloride (0,11, 4 N 2 0,HC1) 2 PIC1.| forms ; matic odour. Forms normal and acid salts.— 
yellow rhombic prisms slightly soluble in water. | C JS H,.N0HC1. Crusts or druses of crystals.— 
The oxalate C ; H 14 « 2 0,C 2 H.,0 4 forms Snail crys- j (C^H^NO.IICl) JPtCl*. Warty groups of crya- 
4 .. ""' 4 . tala, or when separated from alcohol on ad¬ 

dition of ether, elongated six-sided tableta. 
Slightly soluble in hot, insol. in cold alcohol. 
The aurochloridc forms pale-yellow crystals.— 
C,jLi|,NOHNO s + 2ILO(V). Small crystals, mode¬ 
rately soluble in cold water.—(C 18 H,,N0) a H 2 S0 4 . 
Small crystals, easily soluble in water, very 
si ightly in absolute alcohol.—(C J3 H l7 N0) 2 ,C 2 H 2 0 4 . 
Microscopic crystals, nearly insoluble in alcohol* 
v. si. sol. water (It. Schill, A. 193, (52). 
m-Amido-benzylideue-di-acetonamine 


tals m. sol. water, insol. alcohol (Heintz, A. 192, 
342). 

PRODUCTS FROM ALDEHYDES. 
Ethylidene - di - acetonamiuo C„H l5 N O 


cii„.ch 


/ 


■CH.,. CO 


\ 


>CH, 


\NH.CMu./ 

[27°] (200°) vinyl-di-acctonaminc ; oxy-tri-mcthyl- 
tetra - hydro-pyrid ine. 

Formation. — Together with tri-acctonamine 
by action of aldehyde and ammonia on acetone. 
In larger quantity as oxalate, by boiling the acid 
oxalate of diacetonamine (10 g.) for sixty hours 
in a reflux apparatus with aldehyde (10 g.) and 
alcohol (120 g.). The oxalate is washed with 
hot alcohol, and the free bases separated by 
potash (Heintz, A. 178,32(5; 189,214; 191,122). 

Preparation. —By boiling an alcoholic solu¬ 
tion of di-acetonuinhio oxalate with paralde¬ 
hyde (E. Fischer, B. 17,1793). 

Properties.*-Solidifies at -15° to rectangular 
or six-sided plate ong prisms. Is deli¬ 
quescent. Has a 1 j taste,^mclls like tri- 

methylamine, but when warmed, like camphor. 

Reduced by sodium amalgam to its dihydride 
or ethenyl-di-a«*to»o-alcaminc. 

Stilts.— (B'HCtyjPtCljSaq. Flat prisms.— 
B' 2 H.,S0 4 . Minute needles, v. sol. water,si.sol.al- 
toW,—B , ^H j C 2 0 4 . SI. sol. alcohol.—B' 4 3H£,0 4 . 

A platino-ohloride of vinyl-di-acetonamine 
ind tn-acetonamine • 

(GgH^NO.HCl+C l H,,NO.HCl)Pffcl 4 + 2H,0 


NH 2 .CJI 4 .C1T 


/ 


CH.. CO. 


with 


^NII.CMe/ 

From tlio nitro-derivative reduction 
KiiCl., Oil. Siiiis.-B'TI.CjO, [113°]. 

p-Amido-beuzylidene-di-acetonamine.—Prom 
the nitro-derivative by SuClj. Salt. —B"H a C a O,. 
o-Nitro-benzylideno-di-ecetonamine » 


NOj.C.Hj.CH- 


/ 


■CXI... CO. 




\NH.CMe/ 

From o-nitrobenzoio aldehyde and alc^bolio di- 
acetonamino oxalate. 0 

Suits. -B' s H.C.O,.-BTICl.-^B'HCl) 1 PtCl, 
m-Nitro-benzylidene-SU-acstonamine. 

» Saifs.—B'HCl [208°].— (B'HCl)jPtOl, [203n. 

|)-Mtro-benzylidene-di-ao9tnf|.miiie [142-5°]. 
Needles (from ether). Nearly insol. light petro* 
leum. * 

Salts.- B'HCl aq. [c. 208°].^(B'HCl^ , tCl v 
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' p-0«y-b»niyEdena-di-aoetonamiae 
yCHL. OO v 

HO.C,H,.CH< ' >CH a . 

From di-acetonamine oxalate (S pts.), p- oxy- 
benzoic aldehyde (4 pts.), and alcohol (20 pts.) * 

Acid oxalate B'HjC/X. 

Methyl derivative 

* ,CH 2 . CO. 

MeO.C s H 4 .CH< >CH 2 . 

\NH.CMe/ 

From anisaldehyde and di-acetonaraine oxalate. 

Oxalate B'jHjCjO, [210°]. 

Cinnamylidene-di-acetonamine 
,CH„. CO. 

Ph.CH:CH.CII< ' >CH„ $ aq. [49°]. 
'NH.CMeX 

From oinnamio aldehyde, diacctonamine, and 
boiling alcohol. Yellow needles (from alcohol). 
Easily soluble in ether, light petroleum, chloro¬ 
form and benzene, sparingly in water. 

Vanillo - di - acetonamine C J ,H,„'N'0, i.c. 

,CB: . CO. 

CA(OMe)(OII)CH^ H ^ )Cn, 

is obtained by boiling equal parts of 
and acid diacetonamijie oxalqkj-diacetonamine 
oohol, whereby norm?. 1 * Tin's salt forms either 
oxalate is tljiflr'or yellowish crystalline crusts; 
a wMfo^aler, insol. alcohol and ether. The 
sjsnoase is an alkaline oil, slightly soluble in 
■e^water.—C, 4 H„NOjHCl is easily soluble in al¬ 
cohol, and precipitated therefrom by ether.— 
(0 H H„K0 s HCl) ! PtCl 4 .-C„H„N0 s HN0 J . Very 
small crystals, m. sol. water, and cold alcohol, 
(C„H„N 0,) 2 H 2 S0,: laminra. (C u H 1 „N0,).,C 2 H i 0 4 : 
crystalline, v. si. sol. water, insol. alcohol 
(Heintz, A. 194, 53). 

ALKYL-DI-ACETONAMINES. 

Methyl di-acetonamine 
C,H,jNO i.c. COMe.CIL.CMe r NHMe, 
is formed, together with other bases, when 
acetone saturated with iuctliylamine is left to 
itself for several weeks. The base is ppd. as acid 
oxalate, and purified by conversion into platino- 
ohloride.—Free methyldiacetonamiile is very un¬ 
stable, quickly splitting up into methylamine and 
mesityl oxide. The hydrochloride is deliquescent. 
The platmochlrrrj.de (C,H„NOHCl) 2 PtCl 4 crys¬ 
tallises in large light-red rhombio prisms, easily 
soluble in water, nearly insoluble in alcohol. 
The platinosochloride (C : H ll NOHCl).J’tCl.., pro¬ 
duced simultaneously with the platinochlorido, 
forms dark red crystals. The aurochloride 
C,H„NO,HCl,AuCl„ forms short prisms, m. sol. 
cold, v. sol. hot, water, alcohol, and ether. The 
normal oxalate (C,{;I ls N0),C 2 H 2 0 4 forms indis¬ 
tinct very deliquescent crystals, very soluble in 
absolute alcohol; thancid oxalate C,H 1 .,N0C_,H,O, 
crystallises in small prisms, m. sol. absolute 
alcohol. The picratc forms yellow needles 
(G8tSfchmann, A. 197, 38). 

Simethyldfocetonamine 
C„H„NO i.e. CQMc.CH..CMe 2 .NMoj, 
is formed on heating a solution of dimethyls- 
mine in acetone at 100°. 105° in a scaled tub£ 
Free dimethyliiaeetonamine has not Seen ob¬ 
tained ag it very easily splits up into dimethyl- 
amine and mesityl oxide. The platiho-chloride 
(OjH^WHClJjFtCl, crystallises in small tablets; 


the aruro-Maride In golden needles, si. sol 
water; the nitrate and sulphate in long colour¬ 
less deliquesoent needles v. sol. alcohol. The 
acid oxqfate, OJH,,NO0 2 H 2 O t , is crystalline, v. 
sol. water and alcohol, nearly fc%>luWe in ether 
(GBtschmann, A.197, 27). 


C s H„NO i.e. MeCO.CH 2 .CMej.NHEt, 
is obtained by heating a solution of ethylamine 
in acetone at 80° for six hours. C„H„N 2 O.FtCl„ 
light red hexagonal plates, insol. ether and 
alcohol, soluble in alcohol containing HC1. S. 
1-16 at 16°. Platinosochloride: C ls H,„N 2 0 2 PtClj; 
dark red prisms. S. 6*02 at 21°, insoluble in 
ether and in alcohol.— C B H„N0HC1 forms hy¬ 
groscopic microcrystals decomposing at 160°.— 
C s H, s NOAuClj crystallises in large lemon-yellow 
rhombic plates. S. 2*48 at 22°; easily soluble 
in alcohol and ether; melts under water at 
about 70°.—The nitrate forms small needles.— 
(C s H,.NO).,H..SO, forms tufts of needles.— 
(C.TIwNOhCjHjOj, coneentrio groups of hygro¬ 
scopic needles.—C B H,,NOC 2 H 2 O t ; needles.—The 
picratc C s H„NO,C a H 2 (NO.,)jOH forms short 
needle-shaped, nrisms v. sol. water, jnsol. alcohol 
.yr.tr. Free emyidiacetonamme spues up 
even in the cold into ethylamine and mesityl 
oxide (Eppinger, A. 204, 50). The prolonged 
heating of ethylamine with acetone gives rise 
only to ethyl-diacetonamine, not to any base 
analogous to triacctonamine. Diethylamine does 
not appear to form any compound with acetone 
(Eppinger). 

Behydrodiaoetonamine C„H,,N(?) contained 
in the mother-liquors of the preparation of acid 
diacetonamino oxalate, and passes over on dis¬ 
tilling them with an alkali. The platinochlorido 
forms slightly sol. laminse (Heintz, 4.183.276). 

Triacetonamine C„H„NOvt.c. 

>CMej.CH 2 \ 

Nn< >co 

\CMe..CHj / 

Oxy - tetra - methyl - tetra - hydro -pyridine f58°] 
(hydrated); [39*6°] ^Iry). Formation.—1. To¬ 
gether with diacctonamine, by the notion of 
ammonia on acetone, especially at high tempera¬ 
tures (Heintz, A. 174, 133).—2. By prolonged 
boiling of aeotono with a solution of diaceto- 
namine : C„H,,NO t G 2 H,0 = C,H,,NO + H.,0 
(Heintz, A. 178, 305). This, according to Heintz, 
is the best mode of preparing triacctonamine. 
It is purified by crystallisation of tho oxalate. 
Triacetonamine separates from a solution of til* 
normal oxalate mixed with KOH, as a hydrate 
C,H„NO,HjO, which crystallises from anhydrous 
ether in large square tablets, and the mother- 
liquor on further evaporation and cooling to a 
very low temperature yields long needle-shaped 
crystals of anhydrous triacetonamine. Hydrated 
crystals rhombic a : b : c = 0*93^6 : 0*9768 ; 1. 
Triacetonamine sublimes slowly, even at ord. 
temp. DistiI%without alteration. Decomposed 
at 150°-200“ by H 2 SO, or P a 0 4 , but does not 
yield definito products. Hoated at 100° for 16 
hours with fuming hydrooMoato acid it yields 
diacetonamine, dohydropentacetonamine and 
other products. With ohromio acid mixture it 
giv® isopropyl-butyl-amine di-earboxylio acid: 
OjH.jNO, i.e. COjH.OMej.NH.CMej.OHj.OOjH 
(Heintz, A. m 198, 69). With ethyl iodide it yields 
NHjEt, NHF.tj, NEt„ NEt,I, dehydrotriacetona- 
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mine, and other jroducts, bat no ethylated 
triaoetonamines (Heintz, A. 201,100). 

Salts. —B'HCl is easily soluble in alcohol, 
and separates the refrom on Edition ft ether, 
in prism3-e-(Bttftjl) 2 PtCl,3H,Q crystallises from 
hot water in long, dark, gold-coloured needles, 
v. b 1. sol. alcohol, insol. gther. By exposing the 
alcoholic solution to sunlight, or heating the 
aqueous solution for several hours, it is reduced 
to (B'HCl),PtCJ 2 2H 2 0, which is much less soluble 
in water than the platino-chloride, and crys¬ 
tallises in dark red needles or rhombio prisms.— 
(O.H, NO) 2 H 2 SO<: delicato needles or prisms 
v. sol. in water, insol. alcohol and ether.— 
C,H„NO,HNO,: rhombio crystals-a : b : c- 
1-27S8 :1 : l-0251.-(C„H„NO) 2 H 2 CrO,. Small 
light yellow crystals converted into the acid 
salt by recrystallisation from hot water.— 
(C,H„N0) 2 H 2 Cr 2 0,. Orange-red prisms (Heintz, 
A. 198, 87).—(0 1 H 1I KO). / ,C.H 1 O, forms long 
needles, v. sol. water, v. si. sol. alcohol.— 
CjHjjNO.OjH./),. Triclinic crystals, v. sol. 
water; resolved by boiling with aleohol or 
ether into the normal Balt and oxalic acid 
(Heintz, A. 178, 826). 

, Triacetonamine Nitrosamine C ? H lc (NO)NO 
[73°], S.O-. 1'14, is formed by heating aqueous 
triacetonamine hydrochloride with KN0 2 at 85°. 
Long needles (from alcohol). V. sol. alcohol 
and ether. Itesolved by KOH into nitrogen, 
water, and phorone, also by prolonged boiling 
in aqueous solution. By heating with HC1 or 
H ? SO„ it is for tho most part reconverted into 
triacetonamine (Heintz, A. 186,1; 187,233). 

Tri-acetone-diamine 

ChHjjNjO i.c. (NH 2 .CMe..CH 2 ) 2 CO. 

Found in small quantity amongst the products 
of tlye action of ammonia on acetone: produced 
more abundantly Wien a mixture orl pt. ace¬ 
tone, 2 pts. NH,Aq, and 1 pt. CS 2 , is left at rest 
for a month; 3C,H,0 + 2NII, = C a H,,„N,0 + 2H..O. 
Oily liquid soluble in water, somowhat sparingly 
in ether. B''2HC1 forms prismatic crystals, de¬ 
composing at 200°.—B"«fHCl.PtCl, is slightly 
soluble in cold, easily in not water, insoluble in 
ether.—B"C 2 H 2 0,; flat needles, nearly inso¬ 
luble in alcohol, much more soluble in water, 
than the acid salt.—B"2H : C 2 0, aq; monoclinic 
prisms (Heintz, A. 203, 336). 

Dehydro-tri-acetonamine C„H IS N (Tctra- 
methyl-di-hydro-pyridinct) (158°) (II.); (163°) 
(C. 8.). 

Occurs as oxalate, together with tri-ncelona- 
mine, in the mother liquor got in preparing di- 
acetenamine oxalato (q. v.), and may bo separated 
therefrom by distillation witlipotasli (Heintz,/!. 
174,166; 183, 27G). 

Preparation.— Acetono (20g.),acetamide (8g.), 
and ZnCl 2 (^f)g.), are heated fur 6 hours at 140° 
(Canzeroni a. vipica, G. 14, 341). Another baso 
(240°) is a by-product in this reaction. It ap¬ 
pears to be CuH^N. Its platinn-chlorido forms 
dodecahedra. 

Properties.— Oily liquid which readily oxi¬ 
dises, becomin^biftvn. 

Soto.-(B'HCl) 2 Pt01,. Bhombohedra (from 
water). Y. el. sol. cold water, insol. alcohol.— 1 
B MAuCl, [127°]. Long yellow prisms “from 
dilut 3 alcohol). Insol. water. 

B thydro-penta-aceto nomine • 

- COjH.O + NH,-SHjO. 


Is formed together with ammonia and di-aceto- 
namine by heating izi-aoetonamine with fuming 
HOI at 130°, the hydrochloride then separating 
as a orystalline powder, sparingly soluble in 
water. The base separated therefrom by potash 
is an oily liquid (Heintz, A. 181, 70). H. W. 

ACETO-NAPHTHUL-THIAHIDE 0. o-Naib. 

THXLAMINE. 

ACETONE C,H,0 i.e. CH..CO.CH.. 

Si-methyl Ketone. 

H. w. 58 (55 - G°—55'9° cor.) (Perkin, C. J. 45, 
478); (56°) (Dumas; B. Schiff); (50-3°) at 760 
mm. (Kopp, Begnault, Zander); (56-53° cor.) 
(Thorpe, C. J. 37, 212). 8.G. 2 -814; 122-799 
(Kopp, A. 64, 214); '{ -8186 (T.); -7965; §5 

•7867 (P.) ; § -8125 (Z.); f -7920 (Briihl); “ 
•7506 (B. Schiff, A. 220, 103). V.D. 2-00 
(Dumas). C.E. (0°-10°) -00138 (T.). S.V. 77-08 
(S.); 77-3 (Z.); 76-78 (T.). H. F. p. 65,000 
(Bcrthclot); 58,710 (Thomsen). H. F. v. 57,260 
(Th.). p„ 1-3639. B«, 25-55 (Briihl). M. M. 
3-514 at 15-2° (P.).—Occurs in the urine, blood, 
and brain of diabetics (Maikownikoff, B. 8,1683; 
Peters, Kaulich, Betz, J. 1861, 805). 

Formation. —1. By the dry distillation of 
! acetates; e.g. (MeC0.0)J5a=Me 2 C0 + BaC0 3 .— 
2. From zinc-methyl and acetyl chloride; 

(a) MeCOCl + Zn.Vn, = MeCOlMe.OZnMe, 

(b) MeCOlMe.OZnMe + H a O = 

Mc-.CO + IIC1 + ZnO + CH, 

(Freund, A. 118, 1).—3. By treating bromo- or 
chloro-propylene with aqueous hypoehlorous 
acid and mercuric oxide, whereby ohloracetone 
is formed; 

2C S H,C1 + 2HOC1 + HgO = 

HgCI 2 +H.0 + 2 (CH Xl.CO.CH,), 
and reducing this compound to acetono with 
z-inc and HC1 (Linnemann, Bl. [2] 6, 216). — 
4. By treatiug the isomeric compound, propylene 
oxide, with sodium-amalgam, and dehydrogenis¬ 
ing the resulting isopropyl alcohol with chromio 
mixture, C 3 II„0 + H„ = (CU 2 ) .CH.OH, and 
(CH 3 ) 2 CH.OH + O = H.O + (CH a ) 2 CO 
(Linnemann, A. 140,178). Berthelot (G. B. 68, 
334), effects the oxidation with aqueous chromio 
acid.—5. *y the action of au aqueous solution 
of mercuric bromide (Kutscheroff, B. 14, 1541), 
or chloride (B. 17,15), on allylene.—6. By pass¬ 
ing aldehyde vapour over red-hot lime (Scliloe- 
milch, Z. 5, 336).—7. Together with propionic 
aldehyde, by heating a dilute aqueous solution of 
propylene glycol at 180°-190° (liltckoff, J. 11, 
409).—8. By heating propylene bromide with 
water at 170°-180°; 

C s H s Br ; + H.O=2HBr + C,II a O 
(Linnemann, A. 161, 58). —9. By heating a-a-di- 
chloro-propane CMe 2 Cl 2 with silver aoetate and 
alcohol in sealed tubes at *00°: * 

CMe 2 Cl 2 + 2AgC0 2 Me - 2AgCl + 2COMe 2 + C0 2 .— 
10. Together with a bromine compound (proba¬ 
bly CHMo 2 Br] by the action of zinc and dilute 
sulphuric acid on the product C t H 2 6H-Br 2 0, 
formed by the action of bromvWe on dichlorhy- 
drin (Lange, B. 6, 98).—11. By*distilling with 
water the product formed, with evolution of HC1, 
on dissolving chloro-propylene Me.CChCH, in 
sulphffrio acid (Oppenheim, A.^yippl. 6, 865).— 
12. Together with mesitylene, on distilling with 
water a solution of allylene in sulphuric acid 
(Sohrohe, B. 8,367).—13. Together wijh other 
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.product*, by the action of lime on glycerin 
.{Tawiltbrow, B. 12, 14$7).jf-14, Together with 
ieobntyrio aldehyde, by oxidation of iso-butyl 

alcohol_16. By oxidising with ohromio acid the 

hexylene obtained by the aotion of alcoholic 
potash on di-methyl-isopropyl-cwrbinyl iodide 
(Pawlow, Bl. [2] 29,876). <16. B/the action of 
nascent zino-methyl on acetio oxide (Saytzeff, Z. 
£2] 7, 104): (C0Me)„0 + ZnMe,=ZnO + 2COMe 2 . 
— 17. Together with other products, by the action 
of zinc-sodium on a mixture of methyl iodide 
and acetic oxide (S.).—18. By the dry distillation 
of wood : occurs therefore in crude wood-spirit; 
also of sugar, gum, or starch, with 8 pts. lime 
(Fremy, A. Ch. 69, 7).— 19. By dry distillation 
of citric acid, and in the oxidation of that acid 
by potassium permanganate, or by MnO, and 
■dilute sulphuric acid (l’ean de St. Gilles, A. 
Ch. [3] 65, 374). 

Preparation.— l.By dry distillation of barium 
•orcalcium acetate. The barium salt decomposes 
at a moderate heat, and when dry and pure 
.yields pure colourless acetone. The calcium 
salt requires a higher temperature and yields a 
distillate contaminated with an enipyreumatio 
oil (dumasin) and other products.—2. By dis¬ 
tilling in an iron retort or quicksilver bottle, a 
mixture of lead acetate (2 pts.) and quick lime 
£1 pt.), rectifying over calcium chloride, and 
finaliydistilling over the water-bath. The pro¬ 
duct may be purified from wood-spirit by distil¬ 
lation over calcium chloride, or better by com¬ 
bining the acetone with sodium hydrogen 
sulphite, and decomposing the resulting com¬ 
pound by an acid or alkali; also by converting the 
methyl alcohol into an ether (oxalic or benzoic). 
Crude acetone may also be purified by treating 
it with potassium permanganate, which docs not 
Attack pure acetone at ordinary temperatures. 

Properties. — Limpid, very mobile liquid 
having a spirituous and slightly empyreumatic 
odour and biting taste. Very inflammable ; 
burns with a white smokeless flame, mixes in 
all proportions with water, alcohol, and ether. 
Dissolves camphor, fats, and resins. Separated 
irora aqueous solution by CaCl 2 and by KOH 
■(difference from alcohol). Even if Soiling be¬ 
tween 56° and 58° it is liable to contain methyl- 
aacetal, fiHj.CHjOCH.),; this can bn detected 
iby heating with cone. HC1, for it then gives off 
MeCl. Acetone reacts with liydroxylamino and 
with phenyi-hydrazine (u. Acktcxim, Acf.tonb 
T wruiYDiuziDK). It does not restore the 
ducea »f a solutioq of a rosaniline salt that 
forms daj,aehed by SO, (Schiff). 
C I H| S NO,IIC l ,i. An alcoholic liquid supposed 
cold, T. sol. hot, is mixed with an equal volume 
normal oxalate (C,j.of benzoic aldehyde and 
Fmet very deliquescent!! are added. After some 
absolute alcohol; theacia^i.beu/ylidene-acctone 
crystallises in small prisolve in H,SO, giving 
alcohol. The picrate form. Ponder, A. 223, 
(OStethmann, A. 197, 38). ueous KOH and 

Dimethyldlkcetonamine % a solution 
C,H|,NO to. CQMc.Cffj.CXfe,, previously 
is formed on heating a solution of A black 
mine in acetone at 100°~105° in a scours, but 1 
Free dimethjJdiacetonamine has not Ws this 
tained ag it very easily splits up into dimee to 
amine and mesityl oxide. The platino-chlo.be 
(OjH^OHClJjI'tOl, crystallises in small tablet, 


Reactions.—1. Acetone-vapour passed through, 
a red-hot tube deposits carbon and yields so> 
called dumasin, also naphthalene, C0 2 , CH,, and 
H (Barbjfri a. $oux, C.B. 102, 1669).—2. By 
nascent hydrogen Imodium -amalj)nfin rfnd water) 
'aoetone is converted into isopropyl alcohol: 
Me.CO.Me + H, = Mo.C^pH.Me (Friedel, CM. 
55, 63).—8. Chlorine-gas passed into aegtone 
displaces 1 or 2 ats. H, forming C,HjC10 and 
C,H,C1,0, but does not remove the whole of the 
hydrogen, oven in sunshine. Grabowski (B. 8, 
1438), by passing chlorine into pure acetone, as¬ 
sisting the action by heat towards the end, ob¬ 
tained in addition to dichloracetone, two bodies 
CjH.CljO and C d II,Cl,0. The former is a liquid 
insoluble in water (188°). S.G. 1'330 at 29°. 
V.D. 8-60 (calc. 6-56). Decomposed by strong 
potash-lye, with separation of chloroform. The 
second body, C d H,Cl s O, is also liquid (206°- 
209°). S.G. 1-328 at 26°. . V.D. 7'55 (calc. 7-0). 
Completely decomposed by strong potash-lye or 
sulphuric acid. Perhapstrichlorotrimesityloxide. 
When acetone is treated with excess of chlorine, 
and the product first with KOH and then with 
HC1, isapoglucic acid CjH|„O s is produced. 
With alcoholic potash, on the other hand, a body 
C,H lc O s (?) is formed, together with an acid 
whose lead-salt has the composition Pb(C,H,Oj). 
(Mulder, J. 1868,494).—4. Chlorine, in presence 
of alkalis, converts acetone into chloroform: 

C„H s O + CC1, + H ,0 = 2CHC1, + CO, + 6HC1. 
Bromine acts in like maimer, producing bromo- 
form, and iodino forms iodoform.—5. When 
acetone saturated with HCl-gas is mixed, after 
8-14 days, with water, a heavy brownish oil 
separates, consisting mainly of compounds of 
HC1 with mesityl oxide, C„H K) 0 (= 2C,H e O - H.O) 
and phorone, C,H h O(- 3C,H,0—2H 2 0). The 
mesityl compound C a II l2 0Cl„,‘heated with KCN 
and then with KOH, yields the K-salt of a mo¬ 
nobasic acid C,H„N0 2 (u. Mesitonic acid), thus: 
C„H,„0C1., + 2KCN = 2KC1 + C„H,.,0(CN) 2 ; and 
C„H,,0(CN), + KOH + I1. 2 0 - NH a + KC,H, ,NO,. 
The phorone compound, similarly treated, yields 
a neutral azotised body crystallising in shining 
plates and subliming at about 300° (Maxwell 
.Simpson, Pr. 16, 36-1). According to Pinner 
(B. 14, 1070) the neutral body is a nitrile 
0, ,H ls O,N.., formed according to the equation 
3CjH,0 + 2HCN = H 2 0 + C n H„0,N. 2 ; it crystal, 
liscs in plates melting above 320°. Heated with 
aqueous hydrochloric acid it gives phoronio 
acid C„H,„0, [q.t,]: C,H„0 2 (CN) 2 + 4H s O- 
2NH a + H,0 + C„H ls O(CO ;2 H).,—6. By distillation 
with strong sulphuric acid, acetone yields mesi- 
tylcne, C,,H, 2 = 3C 2 H 8 0 - 3H.0; but when mixed 
with H 2 SO, in a cooled vessel it forms mesityl- 
sulphonic acid C 2 H a .SO,H, which, when heated 
with potasli, yields mesityl oxide (Hlasiwctz, 
J. 1856, 487).—7. With PC1 3 iftStone yields 
chloropropyicne CjH s Cl and di-chloro-propane 
C 3 H„Cl 2 (1-ricdcl, A. 112,238).—8. With bromine 
acetone unites directly, forming C,H„OBr,, a 
viscid, very unstable liquid, heavier than water 
(Linneraann, A. 125, 307). tbecseding to E, J. 
Mulder, however ( J.pr. 91, 47), it gives ris# to 
'substitution - products.—9. With HI acetone 
yield J»iodopiopylene, C,H S I; with PI ( a sotid 
and two liquid iodides (Harnitz-Hamitzky, Z, 
1863, 416). • According to Berthelot {Bl. [2] 7» 
69), acetone fteated with HI yield* propane.— 
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IV, with iodine chleride acetone yields C 3 H 4 I 2 0 
(Maxwell Simpson, Laboratory , p, 79).—11. 
Electrolysis of a mixture of acetone and dilute 
sulphuric aoid produces acetic,formic, $nd car- 
bonio acidl (Irftdel, J. 18 5U, 838).—12. By 
► chromic acid mixture it is oxidised to acetic 
and carbonic acids.—13.#4cotone boated with 
ammonia "yields a mixture of three bases, the 
composition and mode of formation of which 
ore indicated by the following formulas:— 

Dtoeotonamlne , . . . CJT,,NO=2CJT n O+NIT,- H,0 
Triiicctonamtne .... C B H„N0-3C,JI,0+NII a —2H/) 
Dehydnjtriacctonamine . C,II U N « C,H„NO — H,0. 

With methylamine , iii like manner, acetone 
yields metkyldiacetonamine C 7 H,.,NO and other 
bases. With dimethylamine only dimethyldi- 
acetonamino C,,H I7 NO.—14. With hydroxyla- 
mine, acetone forms acetoxim [q.vi\ Me.,C:NOH, 
which crystallises in prisms [CO - *], (135°).—15. 
Sodium strongly attacks acetone, with forma¬ 
tion of crystallisedpinaconc hydrate CJl,,/) 7H 2 0 
and liquid phorone C 9 H, 4 0 thus: 2C. l II li O + Na„= 
Na 2 0 + C„H, 2 0, and 3C a H fi O - 2H..0 - C fl H; 4 0 
(Stiideler, A. Ill, 277).—10. Heated with ani¬ 
line hydrochloride at 180° it forms di-methyl- j 
•quinoline (Engler a. Riehm. B. 18, 2215, 3296). 
—17. Caustic alkalis , c.g. KOII and CaO, exert a 
dehydrating action on acetone and form con¬ 
densation-products varying in composition, ac¬ 
cording to the proportion of water abstracted, viz.: 

B. P. 

Xyl lte-naphtha C, ,IT m O,= 4C S 11,0—11*0 .. 110 c -12»° 
Mesityl oxide 0„H in 0=2C,!],0-Il a 0 .... 131° 

Mcsityiene .. <; o H„=30,H n 0 -311,0.. 155°-160° 

Phorone.... C U H U 0 = 3C’J 1,0-211,0.. 2lG°-220° 
Xylite-oil .. C lt H,,0=4C a 11,0—311,0 above 250° 

Vapour of acetone passed over strongly heated 
KOH or potasli-limo is resolved into methane and 
carbofiic acid, Cjil^O + 2K0I1 = K.,Cd$ + 2CH 4 . 
At a lower temperature the chief products 
are acetic acid, formic acid, and hydrogen, 
C,H 0 O + 2K0H + H..0 = KC.Jf 3 0 2 + KCHO,. + 3H., 
(Dumas a. Stas, A.Ch. [2] 73,149; Pcrsoz, Jlev. 
Scicnt. 1, 51).—18. Acetoim heated with ZnCL. 
yields hexa-methyl-benzene u tf Mc i; (W. II. Greenej 
C. It, 87, 931).—19. Gently heated with A1C! ; „ 
it yields mesityl oxide, phorone, and other 
products (Louise, C. It. 95, 602).-20. Dry 
RtClj dissolves in acetone, and the solution 
when evaporated leaves a brown resinous mass 
containing a yellow crystalline substance, 
CJImOPtCljj (?), called Accchloride of Plati¬ 
num , or Chloroplatinite of Mesityl (Zeise, A. 
33, 29).—21. On adding HCl to a mixture of 
acetone, with potassium cyanide and sulpho- 
cyanide, the compound C 5 H 7 0._,NS is obtained. 
This compound heated with HCl is resolved 
into CO a , NH 3 , and a-oxy-iso-butyric acid. With 
silver nitrate it yields C 5 II u AgO,NS (ITrecli, 
B, 0,1113).—f2t By action of alkalis or of IIC1- 
gas oo a mixture of 1 mol. acetone and 2 mol. 
benzaldehyde, direnzylidene -acetone (q. v.) 
PhCH;CH.CO.CH:CHPh is obtained (Claison a. 
Claparede, J3. 14, 849). By the action of 
alkalis on a s^ptta of o-nitro-benzaldehyde 
in acetone, methyl o-nitro-£-oxy-j8-phenyl-ethyl 
ketone [68°] is formed according to the equation 
t NO...C w H 1 .GHO + CO(CH,),- P 
NO*C^CH(OH).CH r COCH, 

(Boeyer a. Drewsen, B. 15, 2856).—Whe corre- 
pa#*a-oompound [58°] is Obtained in 


like manner from acetone ana jp-ortro-benzaldo- 
hyde (Baeyer a. Beeler, B. 10,1968).—23. With 
furfuraldehyde , acetone forms a compound 
crystallising in long white needles [87°] (J. G. 
Schmidt, B. 14,574)—v. Furfuryledene-aoetone. 
24. With pyrrol in presence of HCl it forms 
C 14 H 16 N 2 , [291^ (Baey<*, B. 19, 2184). 

Combinations. -1. With Bisulphites. 
Formed by direct combination. C,H c (OH)SOjNH 4 
crystallises in lamina) (Stiideler, A. Ill, 807)— 
C 3 H a (0H)S0 3 Na.—Lamina), moderately soluble 
in water, less in alcohol. Gives o ft acetone 
when boiled with aqueous sodium carbonate 
(Limpricht, A. 93, 238)-C 8 H li (0H)S0 3 K: (L.). 
2. With Mercuric Oxide 2C a H ti O 3HgO. 
Formed by mixing acetone with mercuric chloride 
and weak potash-lyo, dialysing the filtered liquid, 
and precipitating the liquid remaining in the 
dialyser with acetic acid.- - Gelatinous precipitate 
which becomes resinous on drying. Its solu¬ 
tion gelatinises when heated or when merely 
left at rest (Emerson Reynolds, Pr. 19, 431). 
Formed also by dissolving HgO in acetone 
(Kutscheroff, B. 17, 20). 

Acetone-boric Acid, C-jH^OfBHO^ [50°]. 
Formed together with (a) and (0) acetone-fluo- 
boric acid, and hydrocarbons, on saturating 
acetone with boron fluoride and distilling the pro¬ 
duct. (a) Acetonefluoboric acid , C 3 H,,0 3HFB 4 0 4 
(120°-123°); the isomeric (0) modification [36°] 
(90°-92°) forms shining white lamina). All 
three compounds fume in the air, bum with 
green flame, and are quickly decomposed by 
water, yielding boric acid aud acetone hydro¬ 
fluoric acid (Landolf, C. R. 89, 173). 

Acetone-hydrofluoric Acid () ;i H # OHF (55°) 
obtained by fractional distillation from the pro¬ 
duct of the action of water on acetone-fluoboric 
acid. An inflammable liquid with pleasant 
ethereal odour (Landolf, C. It. 9G, 580). Another 
compound, C 3 II 0 O 2HF (-12°) is gaseous at ordi¬ 
nary temperatures. 

Acetone-sulphonic Acid CH 3 .C0.CH 2 .S0 3 H. 
Formed as K-salt by treating dicliloracetone 
(118°) with a strong solution of potassium sul¬ 
phite : CJf.CLO + K.SOj + H.,0 - 

KSO*+1101 + 0,11,010, and 
CJ^CIO + K 2 SO s = KOI 4 C 3 H 5 O.S0 3 K. 

The K-vsalt may be extracted from the jfoduct 
by boiling alcohol, and separates therefrom in 
white lamina;. Very solublo in water, not de¬ 
composed by boiling with dilute acids. Boiled 
with strong potash-lye, it yields sulphito and 
perhaps an acetone-alcohol fflender, Z. 1870, 
162; B. 4,517). Salts. -KA' Plates (from alcohol 
V. e. sol. water—BaA' 2 aq. Plates.—FbA\ aq. 
[140°]—CuA' 2 l|aq. Greenish plates. 

Acetone-phosphorous Acid CjHaO-POaH- 
Remains on distilling acetone with I and P* 
(C 3 H,,0.P0 2 ).Ba is amorphous, solublo in water, 
insoluble in alcohol (Mulder, J., 1804, 329). 

Acetone - cyanhydrin CH S . C (CN) (OH). CH, 
(i Oxyisobutyronitrile ). Formed by the act ton of 
aqueous HCN (20 p.c.) on acetone, # by tho action 
of nascent HCN on acetone diluted%rith ether. 

It is very unstable, for even on evaporation 
M its solution it changes into di-acetone-cyan- 
hydrin %ith evolution of HCl^Tiemann a. 
Friodl&nder, B. 14, 1970). Alcohoty NH t 
at 60° converts it into a-amido-iso-butyronitrito 
CH,.C(ON)(NH,).CH I whenoeHCl forma a-^ido. 



/as;. , AOETO!»B. , ‘ 

iao-butyrio acid, Alcoholic EC1 forms the forms rhomblo crystals (Heintr, A. 188, 290, 
umdo-ethor Me,C(OH)C(OEt):NH (Pinner, S. 817). 

17,2009). * Hethyl-tri-acetone-alcamine 0„H,',N0 [74°] 

Dlacetone oyanhydrin CMe,(ON).O.CMej(OH), or, when hydrated, [60°]. Formed from tri- 
ia prepared by adding 1 mol. HC1 (gaseous or acetone-fleaminS by Mel and MepH 100° (E. 

aqueous) to 1 mol. KCN immersed in acetone, Fischer, B. 16, $605). Slender plates (bom 

dissolving the product in fther, aid evaporating water). Strongly alkfdine. H. W. 

(Urech, A. 164, 259). Thick shining anhydrous ACETONE ALCOHOL v. AoBm-CABBiNOL. 
prisms, easily soluble in water, alcohol, and ACETONE-AMMONIA v . Aoetonaminbb. 
ether. Melts at 135°-152° and sublimes below ACETONE-BENZIL C„H„0, i.e. 
its melting point in long needles. Decomposed Ph.CO.CP3){OH}.CH.CO.CH, [78°]. 

at ord. temp, by HC1 into ■'■'.^acetone, and Preparation .—Benzil is shaken with excess 
«-oxy-iso-butyric acid. .5 ^3 o 9 of pure acotone and a little cone. KOH, and the 

Substitution Products v. p -S <o jj r - crystals obtained are dissolved in ether (free 

Chloro-acetoxe, CraoBO-naoMo-Jfe «o ” " om alcohol), which is allowed to evaporate. 

acetone, Cvano-acetone, Tuio-aceto: - i t H, # 0j + C,H,0 = C„H„0, (Japp a. Miller, O. 

Meta-acetone. — This name was 5 . 47, 21). 

- Fremy (A. CK. [2] 59, 6) to an oil ot Properties .—Colourless square prisms. Sol. 

among the products of the distillation of t her or alcohol. Unsolved by heat into its con- 

starch, or gum, with quicklime. He ascribe,. .. ituents. 

it the formula O t H, u O and boiling-point 84°. Reactions.—1. Chromic mixture gives ben- 
Gottlieb (A. 52, 128) converted it by chromic zoic and acetic acids.—2. Dry NH, gives act- 
mixture into propionic acid (called therefore tone-benzilimide (q. v.). —3. Alcoholic hydroxy- 
Metacetonio acid). Benodikt (A. 1C2, 303) lamine gives C.-H^O^NOH), [146’]; m. sol. 
found V.D. 3-53 instead of 3-59, and stated that benzene, si. sol. ether. This body is not affected 
it did not combine with NaHSO,. Meta-acetone by further treatment with hydroxylamine. 
has also been examined by Favre (A. Ch. [3] 11, Dehydro-acetone-benzil C,.H„Oj i.e. 1 

80), Cahours (C. P.. 30, 319), who describes it ,CH S , 

as present in crude wood spirit, Lies-Bodart (J. Ph.CO.CPlr/ /CO [149°]. 

1856,455), and Schwartz (J. 1850, 533). Never- X CH/ 

theless Pinner (B. 15, 586; 10,1729) considers Preparation .—Benzil is shaken with excess 

metacetone to be a very complicated mixture, of pure acetone and excess of cone. KOH (J. a. 

H.W. M.) C u H lt 0 2 + C,H s O = C„H„0 2 + H.O. 
Fara-aeetone v. Pinacone. Properties.—Colourless prisms. 

ACETONE-ALCAMINES. — These are pro- Reactions.— 1. Converted by bromine in chlo- 

ducts derived from the aeotonamines by reduc- roform to a bromo derivative, C.-H^BrO. [172°]; 
tion, their CO being converted into CH(OII). slenderneedles (fromglacialHOAc).— 2. Chromic 
Diacetone - alcamine C„H ls .NO i.e. acid in glacial IlOAc forms an acid, C„II„0„ 

NHj.CMe,.CH,.CH(OH).Me (175°). Formed by [162°]; needles. Salts, Ag^'-BaA'„ 2nf(t 
reduction of diacetonamine by gradually adding Dehydro-acetone-di-benzil C,|11.,0 4 [195°]. 
sodium-amalgam to its solution in alcohol Formation.- 1. From acetonu-benzil and di- 
diluted with aqueous ammonia. Liquid, having lute alcoholic KOH.—2. From acetone, excess 
' a faint ammoniacal odour, miscible in all pro- of benzil, and a little cone. KOH. 
portions with water. Absorbs CO. from the 2C 1< H I1I 0 2 + C,1I„0 = C„H 2 ,0,+ IPO. 

air; fumes with IIC1. (C s H ls NOHCl).PtCl, Properties .—Colotrless crystals (from ben- 

forms orange-red triclinic crystals, easily soluble zone); si. sol. boiling alcohol. Crystallises from 
in hot water. * alcohol with one molecule EtOH. 

Ethylidene-diacetone-alcamine ACETONE-BENZILIMIDE C,,II„N0 2 [176°]. 

• H.C — CH(OH) — CHj From acctone-benzil and dry NH,,. Flat plates 

C„H„NO i.e. I | (from alcohol). Heated with HC1 and oxalic 

MeHC — NH — CJIe 2 acid, gives a red gum (J. a. M.). 

Oxy - tri - methyl - hexa - hydro -pyridine [123°], ACETONE-BORIC ACID v. Acetone. 

Colourless crystalline solid. Easily soluble in ACETONE-BROMIDE = ni - Biiomo ■ propanh 

■jvater and alcohol, sparingly in ether, and ben- (q. t\). 

forms' 1 - Formed *by reduction of cthylidene- ACETONE - BR0MOF0RM (/TLOBr, i.e. 
CII NO Hli ne with sodium-amalgam in slightly Me,C(OH).CBr, [175°], or, when hydrated i\G7°]. 


~C,H„n 5 i.e."cQMc”cH,.CM4 1 ‘pt. b y reduc- 
is formed on heating a solution ot m 

mine in acetone at 100°-105° in a seuirs, ?■ 

Free dimelhyJdiacetonamine has not fits this 

tained af it very easily splits up into dimve to t , -, . , ... 

amine and mesityl oxide. Theplatiho-cKU.be 2642)* It forms a compound with HON, . 

(C.H J70HCi) a PtCl, crystallises in small table, 69),fe° h on «»Pomfication produce* oitrlo acid. 


1 i i yji ia uiuitjuiwuu uheiuiu) \ovg.f, unu cuun* 

lime (8g.) (Willgerodt a. A. Muller, C. C. 1884, 
808). 

ACETONE CARBOXYLIC 4SID - Aceto- 

ACETIC ACID (q. D.). 

Acetone di-carboxylic acid C,H,O s i.e. 
COjH.CHj.CO.CH_.COjH [o. 130°]. Formed by , 
heating citric acid with H 2 S0 t . Colourless 
needles. Split up into C0 2 j[nd aoctone by 
heat, by boiling water, or by warm, acids or al¬ 
kalis. It contains methylenic hydrogen dig- 
placable by Na. Fe 2 Cl„ gives a violet oq}our. 

It reacts with phenyl-hydrazine (Peohmann, B. 


COM, V. SOI, hoi, soiuLjuii. x no iiyuru-cmormu 
normal oxalate (Hdles, the sulphato large flat 
flnct very deliquescent 1794). 
absolute alcohol; theaci.L^'flub’O 
crystallises in small prisaf) -CH, a 


alcohol. The picrate form 
(GStstbsnann, A. 197, 38). 
SimethvldlkoetDnamins 


*ine. Formed 



AOiW'ONE-PHWANTHlU.QUINONE;: 


NaNO, oonrerts it into ii-oximido-aoe tone (Peoh- 
msnn a. Wehsarg, B. 19, 2465). 

- The ethyl ether is an oil which can give 
rise to salts by exchanging its methylenio hy- 
Sdrogon for spdiifiA or copper. jReactioAb.—l. 
By successiTO treatment with Rdium and an 
alkyl iodide (RI) the following ethers may be 
got: COjEt.CHj.CO.Clfit.COjEt, 

■ GO,Et.0HR.CO.CHR.CO 2 Et, 
COjEt.CHR.CO.OBj.CO ,Et, 
and finally CO.,Et.CR 2 .CO.CH ,.CO.,Et. 

The acids obtained by saponifying these bodies 
are split up by heat into C0 2 and alkyl-acetones 
(Diinsohmann a. v. Pechmann, B. 18, 2289).— 
2. Acetone di-carboxylio ether (100 g.) is con¬ 
verted by heating with Na (21 g.) into di-oxy- 
phenyl-aoetio di-carboxylio ether 

0,H(OH) ! (CO a Et) 2 .OH 2 .CO.,Et 
. (Cornelius a. Pechmann, B, 19,1440).—-3. Am¬ 
monia produces fi-oxy-fi-amido-glutaramic ether, 
COjEt.CHj.C(OH) (NH.,).CH r eO.NH,, [8G°J 
(v. Pechmann a. Stokes, B. 18, 2290; 19, 2694). 

ACETONE CHLORIDE v. tli-CHLORn-i’KopANE. 

ACETONE CHLOROFORM C.H.OC1, i.e. 
Me 2 0(0H).CCl t . Oxij -iso- butyro -tri- chloride. 

(96°) or when hydrated, + ’aq, [81°] (107° uneor.). 
•■Prepared by adding solid KOII to a oold mix¬ 
ture of acetone and chloroform. It is a crystal¬ 
line solid, resembling camphor in apj*arance and 
.smell. Rotates on water. V. sol. alcohol, ether, 
ohloroform, acetone, or glacial HOAc, insol. 
water. Volatile with steam. Converted by water 
at 180° into a-oxy-iso-butyrie acid (Willgorodt, 

. B. 14, 2451; 16, 2305; 16,1585). 

ACETONE CYANHYDRIN v. Aoetosb. 

ACETONE-HYDROQDINONE C„H,A. Prom 
acetone and hydroquinone (Habermann, M. 5, 
829). 

ACETONE HYDRQXYLAHIDE v. Ace joxim. 

ACETONE-PHENANTHBAQUINONE 

, 0„H n 0 s [90]. 

Formation. —From phenanthraquinone by 
heating with a large excess of acetone at 200°. 
Theproduot is washed with NalIS0 3 and extracted 
with ether (Japp a. Streatfeila, G. J. 41, 274). 

Preparation. —Phenanthraquinone (50 g.) is 
shaken in a glass with acetone (00 g.) and cone. 
NH,Aq(40o.c,). Acetonc-pheuanthraquinouimidc 
isformedandfilteredoff; after washing with ether, 
it is made into a cream with water and stirred 
into a solution of oxalio acid (90 g.) in water 
(800 c.o.) at 25°. The substance dissolves, but 
miuute needles of acetone-phenanthraquiuone 
soon separate (Japp a. Miller, C. J. 47,18). 

Properties.— Largo thin blades (from ether). 
Insol, water, v. sol. ether, acetone or alcohol.. 

Reactions. —1. By heat, by boiling water, or 
by boiling alcohol, it is resolved into acetone and 
phenanthraquinono: C n H H 0„ = C„H,0 2 + CjIl^O. 
2. Zinc dust aftJglacial liOAo form C„H,.,0, 
[121°]. This is extracted by ether and crystal¬ 
lised from alcohol. It forms long slender needles, 
v. e. sol. ether or chloroform, v. sol, boiling 
alcohol, v. si. sol. cold alcohol. Sublimes in 
feathery crystals^. It decolorises bromine.—3. 
A few drops of dilute aqueous KOH added to 
an alcoholic solution forms minute crystals of 
aoetong-di-phenanthraquinone (j. v.). —4. Co*. 
KOlT (S.Q. 1'27) added to a solution of-acetone- 
phenanthraquinone in acetone forms a crystal¬ 
line mass of di-acetone.phenanthraqflinone.— 
Von. L 


"X 

t. Ammonia passed into-Wethoreal solution of 
aeetone-phenanthraquinoue forma crystals ol 
aoetone-phenanthraquiScmimide. 

Aoetone • di . phenanthraquinone 0,|H„O, 
[190°]. Formed by adding a little dilate KOH 
to an alooholic solution of aoetone-phenanthra- 
quinone (J. a. M.)a 20„H~0, - C„H o 0,+C,H,0. 
Colourless crystals (from benzene). 

Di • acetone - phenanthraquinone C m H m O. 
[187°]. 

Preparation.—Vote acetone (43 g.) is shaken 
with finely powdered phenanthraquinone (50 g.) 
and a little (2 c.o.) cone. KOHAq (S.G. 1-27). 
After 12 hrs. the resulting solid cake is washed 
with ether and crystal lised from acetone (J. a. M.). 

Properties .—Short oblique prisms. Sparingly 
soluble in the usual menstrua. Sol. aoetone or 
benzene. Decomposed by boiling glacial HOAc 
or amyl alcohol. Decomposed on melting into 
acetone and phenanthraquinone. 

Reactions .—Boiling Ac,0 converts it into de* 
hydro-di-acetone-phonanthraqmnone. 

Dehydro-di-acetone-phenanthraquinone 
C,, 0 H„Oj [179°-I81°]. Colourless pointed prisma 
(from benzene). Formed as above. Its constiti*. 
tion is perhaps: 

CjH 4 .C - CHjCOMa 
■O 


l> 


C t H,.C - CHjCOMc 

Dehydro-acetone-phensnthraquinone 
C„1I|,,0 2 [195°]. Formed in small quantity, 
together with di-acetoue-phenanthraquinone 
when excess of KOHAq (S.G. 1-27) acts upon 
a mixture of acetone and phenanthraquinone. 
It is present in the ethereal washings of the di- 
acetoue-phenanthraquinone (J. a. M.). 

Groups of minute needles (from benzene), 
m. sol. hot benzene, hot alcohol, or ether. 

Acetone-phcnanthraquinonimide 0„H„NO, 
[130°], Formation .—By passing NH, into an 
ethereal solution of acetone-phenanthraquinone. 

Preparation .—Phenanthraquinone (50 g.), 
acetone (60 g.), and cone. NH,Aq (40 c.o.), shaken 
together form a white crystalline powder which 
is washed wit(j other and crystallised from aoe- 
lone containing a little NH,Aq: 

C, ,H,0 2 4 C,H„0 + NH, = C, ,H„NO, + H 2 « 

(J. a. S.). Colourless rhomboidal lamina). 

Reactions. —1. Ac 2 0 decomposes it, forming 
phenanthraquinono.—2. Cold cone. HOI dis- 
solves it, but the solution soon deposits a dark 
blue substaucc. The diluted filtrate deposits co¬ 
lourless needles of acetone-phenanthraquinone: 

OijH.jNOj + HO = C„H u O,+NH, 

By using cone, aqueous oxalio acid as a solvent 
the formation of the blue compound may be 
avoided, and after dilution, thf needles separate 
as before. 

The following constitutional formal®. are 
suggested by Japp and Miller to explain the 
properties of the preceding bodies: 

C,H 4 .C(OH).CH,.CO.Me 

CA.CO 

, C,H ) .C(OH).CH,.CO.Me 

C.H..&NH 

C,H,.C(OH).CH a .CO.Me 

i,H,.C(OH).CH 2 .OO.Ma 


for Cj&.O, 
for C,.H„NO, 


for C a H„0, 



^ACET0|n.PHBim-HTDlU2n)l!: 

(CH,) 1 C:N.NHPh (165°) at 91 mm. Oil. Pre- 
pared by mixing aeetonlwith phenyl-hydrazine. 
It diesolvee in cold aqueous aoids and on warm¬ 
ing the solution it is resolved into its constituents 
(Beisenegger, B. 16, 662). 

M-ACETONE-PHaqPHINK ACID 


| tSaSAwt mH * 1 ”** p ^ # 

ACETONE-PHOSPHOBOTTS ACID®.Acsioim, 
DI-ACETONE-PHOSPHOBOUS CHIOBIDE 

oSwviu <«**-? ( « / 

. . .CH..CO.CH.PC1 (?> 1 


l r -r .—~ w*, wjsrvpyh-aceionyi- 7 C a ' , * * vwicu uuxiure oi rui 

phosphorite acid, u-acctyl-iso-butane u-phospho- '. . P ts ;) and 2^ times its volume of acetone 
ntc acid [64°]. Formed by the action of water d: 6 P ts * Ifc is decomposed by water ink 
upon di-acetone-phosphorous chloride (infra), d ‘-acctone-phosphinio acid C„H„PO. and HC1 
(Michaelis, B. 17, 1276; 18, 902): H ™a<% combines with 1 mol. of chlorine os 

C 0 H,„Qi>Cl + 211,0 = C„H„P0 4 + HC1. bromine (Michaelis, B. 17, 1273; 18, 898). 

Slender needles. V. e. sol. water or alcohol, v. f£E 0NE SBIPHONIC ACID v. Acbtos*. 
sol. ether. Strong dibasic acid. ACETONIC ACID v. a-Ox Y-iso -butyric Acm. 

Salts.— V. sol. water, el. sol. alco- DI-ACETONIC AICOHOX. v. AcETin-Bum 
h « Crystals-(NHJJU", 2aq. Insol. alcohol. 

aWtS* 4 n 2 - NcedIes i v - so1 - water, si. sol. . ACETONINE C 0 H„,N,. This base described 
a cohol. BaA Gaq ; m. sol. hot wni.rr • i St-adcler (A. Ill, 2771.HlftsiwAt.* (A oqav 


h it sui. waier, si. sol. ! . c ,7 , ,,, •‘■ms case described 

a cohol. BaA Gaq; m. sol. hot water; In- | ^ . S l^?l er (^* 1:ll » 277),Hlasiwetz (4.76. 294V 
Phl"° pfi 08 ’. '■ c = -785 : 1 ; 2-526.- I ?J ,1 “ ul ‘ er ^- lfi ». 228), was found by Heinta 

™hVf I bA ^ FbO. —MgA" Gaq ; ppd. by ah j (/.' 201 ' 102 ) to be a mixture of di-aoetonamina, 
-l(Hi™/? Ile0 “ S solution in glittering plates. tn '^™ namlne * an<i W-acetone-di-amine. 


. i . . - 2 — uuq ; ppd. dv al- 

C °TO?/? m j a ? Ue0US so,ution in glittering plates. 
irreTv ’ delj ?ucsccnt gum: v. sol. alcohol.— 
i l ? ’ , “ er needles, v. sol. water, si. sol. 
alcohol.—AgjjA" 

, forms “ tribasic crys- 
talhne aoid O.H^O,, possibly 8-carboxy-propane- 
Th! S f n m i° aC Z : C H 3 .CII(C0 2 H).CH,1-0(0II) 2 . 
The salts Ag 3 A/", and Ba,A"' are crystalline. 


ACETONINES. Bases obtained by dehr. 
drating acefcone-alcammes by cone. H-SO . * 

I Ethylidene-di-acetonine CJELN ie ** 
CH:CH.CH, CH,CH:CH 

.MeCH.NH.CMe, ° r MedlH.NH.CMe, 
pi-mcthyl-tetra-hydro-pyridine. (132°_i87° 1 
Formed from ethylidene-di-acetone-alcamine 


Oarfnt.—C,H„(NOH)pb, [170°J. J Colouriess i cthj'lidene-di.acefone.alcamine 

erystah; y. sol. water or alcohol j dibasic acid, j U hours at 100°' HitS>0 ‘ 3 PtB ' J by heatin ® 
Di-Aeetone-nhenvl-nhnsnbinic i? nours at 100 


■ni aJ. * a-, , " 1WUUI » uiuusu; acia. _ __ 

Di-Acetongpheiiyl-phosphinic^ Acid ^ Coiouri^l with alkaline reaction. Volatile 

s^« : chio ^“ d 


a- 4 * ... 4 s?-«u U ueaung me pro¬ 
duct with water: . F 

fj) ; 0 ^.-( c .njr°ci, 

tonsodourless (^hJo) 0 * 

A Ml. cold water and ether, v. e. sol. alcohol. 
The anhydrous acid forms a glassy mass, v. sol. 

' &19, 100 A 9 8 ) ! ° rJStalS ’ V- B0b wat f • (Hichaelis, 
Di-Aoetone-p-toIyl-phosphinic Acid 
, ^{HufCjHjJPO,, probably 

t0B “ i , sture “f aerSone 


/n- b-' ’ —owiuwao truiieino pyra- 

muls (Fischer, B. 17, 1795). w ■ 

Benzylidene-di-acetonine C,,H„N ie 
H,C — CH = CH HCJCH-CH, 

PhHC-NH 6;, |o 2 01 PhnC-NH -dlMe,. 
r hr ’}-y l -di-metkyl-tctra-hydro-pyridi-iie. Formed 
by the action of strong H 2 SO, on benzylidene- 
di-acctonc-alcamme. 

Distils undecomposed. Volatile with steam, 
V. sol. alcohol or ether, v. el. sol. water. 

Salts.— -B'HBr: colourless tables or needles, 

HI. Oftl and T5M1T . • ...» 


’~rz 7 A “ rnixiure or acetone . ur: colourless tables or needles. 

♦^^ ly !‘ P -A°u Ph0r0US chloride > and treating | sl * cold water.—B'HI; sparingly soluble 
the product with water. Glistening plates; sol. ; needles.—*B HAuC 1 4 . (Fischer, B. 17,1797.) 
not water. V. RoL r n.nlml «♦!.* w* . Tri-flrfit.nriiTt« • ,a *v 


uuo “ c ““'8 planes; sol. ' 17W7,» 

hot water, v. sol. alcohol and ether A'Ag • Tri-acetonine ' 

5o en .n, r o g istening80lublence<iles - (Michaelis, & rT r w ■ H,C.CH:CH 
19,1012.) ’ C,H„N t.e. .. i i ( uno) at 

DI-ACETONE-PHOSPHOBIC-TBI-CHIOEIDP rr, Me,C.NH.CMe, 

fCH 1 -C n ptra-mcthyl-tclra-hydro-pyridine. 

0,H| t O^PCl, i£. 3 2 i i in Prepared by heating tri-acetone-alcamiiu 

msoi p , c H r CO.CH-PCI, (Ipt.) W’th strong 1!^°, (3 nts.) on a water 

Hon ti 7 0rm p fc y passing chlorine into a solu- , bath fo ' an hour . pouring inttfwater, neutralisint 
S-,1 d ‘; acet0 ”?-pbosphorous chloride in pe- ) b ? acid - a i> d distilling the base over with steam 
trtyeum-ether (Michaelis, B. 18, 901). Colour. ( Il6cher . R- 16,160-1). 

DI.AnRT^J »wn2Lloo? Ieum - ether ’ ., Hrewriics — Mobile, fluid, smelling like pipe. 

DLACET0#E-PH0SPH0BIC-CHI0B0 BB0MI»E rid >ne. It combines with water forming a hydrate 
f! TT o PClBr {m (CH,) C — O crystallising in long witite c-cedles, which diva 

C^„0,PClBr, .... , , (?) off heir water at a moderate temperatoe v” 

[142°). Framed by additionof brondhete a. o Mtilo whh steam. Poisonous. By heating with 
lutioipf di-^tone-phosphorous chloride in light" ^ Saftl^ ‘° do R tetra -“ <ilb y*-P i Pondine.o 
petroleum (Michaelis B 1 R Qnn\ 1 baits. BHBr; large white prisms, sl. soL 

*■ -.ft S&t-b w£e u 01 ^ 


. .-'" 4 ’ JU. A<, If if 

Tn-acetonine 9 

r „ v . H 2 C.CH:CH 

,IIllN ^ Me.jL.NH.CMe, ( 148 °) a ‘ *« mm. 

Tetra - mcthybtelra-hydro-pyridine. 

Prepared by heating tri-acetone-alcamin* 
(l pt ) W!th Strong H,SO, (Sjits.) on a water- 
bath for an hour, pouring mt^water, neutrahsing 
the acid, and distilling the base over with steam 
(Fischer, Jt. 16,160-1). 

Properties. —Mobile, fluid, smelling lilea pipe, 
ridine. It combines with water forming a hydrate 
cijEtalhsing in long white eddies, which give 
off their water at a moderate temperature. Vo- 
latile with steam. Poisonous. By heating with 
h# it gives lodo-tetra-methyl-piperidine.c 

large * bite prisms, sl. soL 


i(®fom't-THX(W)AJtBAIIATSi. 


NUrosamine 0,H, a ^(K0): yellowish tables; 
V* sol. alcohol, ether, and benzene, nearly in- 
. soluble in water; volatile with steam; strong 
> camphor-like smelll J 

\ Methyl derivative C B H 1(1 NMe# oolourless oil 
very volatile with steam, sparingly soluble in 
water (Fisoher, B. 17, 1789jf 

ACETO-NITRANILIDE v. Nitro-aniline. 

ACETONITRILE C,H a N i.e. CHj.CiN. 
.Methyl cyanide , methyl isocyanide. M.w. 41. 
(81*6°) at 760 mm. (Vincent a. Pelaobanat, 
hi. 33, 405); (81*3°) (It. Schiff, B. 19, 567). 

5. G. a -805; & -789 (V. a. D.). S.V. 57 23 (S.). 

II. F. p. -15,680. II. F. v. -16,260 (Thomson). 
p n 1*3458 (V. a. D.). 11^ 1800 (Kanonnikoff, 

J. pr. [2] 31, 301). V.I). 1*45 (for M2). 

- Occiltrence .—In crude benzene (V. a. P.). 

Formation. — 1. Dry KMcSO, is distilled with j 
dry KCN and the distillate rectified over CaCl 2 
(Frankland a. Ivolbe, C. S. Mvm. 3, 386; A . 65, I 
288).—2. From MoBO, and KCN, tho product : 
being distilled over IlgO and then over P a 0 4 | 
(Dumas, Malaguti a. Leblanc, C. 11. 25,174).—3. j 
By distilling NH,OAc with ILO-, (Dumas, C. Ti. j 
35, 383).—4. By distilling acetamide with P,,0 4 j 
(Buckton a. Hofmann, C. J. 9, 212).—5. By dis- { 
tilling acetamido (5 inols.) with P # S» (1 mol.), j 
washing the product with NaOJJAq and digesting ; 
with PbO (Henry, A. 152, 149). -0. From aceta- j 
mide by action of PC1 3 (Wallach, A. 181, 21). j 

Preparation.— 1. By boiling acetamide (500 j 
g.) for a week with a little glacial acetic acid, 
the water produced being constantly allowed to 
distil off. The theoretical yield is got (Do- 
mar<?ay, Bl. f2] 33, 456). 

Properties .—Colourless liquid with a pleasant 
ethereal odour; burns with a reddish-bordered 1 
flame. vMiscible with water, but separated by 
salts from the solution. Mixes with alcohol. 
The presence of a little alcohol lowers itsboiling- 
.point several degrees (D.). 

Reactions. —1. Ilot aqueous KOI! acts thus : 

CH : ,.CN + H.,0 + KOI i « CHjCO.jK + N H s . ; 

2. Chromic and nitric acid# have no action.— j 

3. Heated with Na, it forms Cyanmktuixe (q.v.) j 
and NaCN.—4. Glacial JIOAe at 200° forms di- ; 
acetamide: CH,CN + CII ; ,.CO.OH = (CH :t .CO),NII 
(Gautier, A. 150, 189).—5. Ac.,0, forms tri¬ 
acetamide: CII...CN + (CH,.CO),() - (OH :| .CO).,N. 

6. Combines with dry HBr, HI, and (with 
difficulty) with MCI (Gautier, A. 112, 291). 7. 
Bromine, forms the Uydrobromide of tho nitrile 
of Bromo-acetic acid {q.v.), CILBr.CH:NBr [65°J. 

Combinations.— CIlaNSHUr, or CH.,.CIL.NBr 2 
[47°-5®°J crystals; maybe sublimed.—CJI : ,NPCl a 
(72°); dissociated above its boiling point(llencke, 
A. 106; 281).—CJijNSbCl 3 , formed with great 
rise of temperature; white crystals which may bo 
sublimed (H.).*’£ a Q,NAuCl a ; brownish-yellow 
powder (H.).—(C a H,N) a TiCl 4 : white crystalline 
crusts; may bo sublimed (H.).—(C 2 HjN) 1 .SnCl 4 : 
sublimes in arborescent formatfbns (H.).— 
C.jH,N2Hg(CN) a : white vitreous mass; decom¬ 
poses even over HjSQ, (Hesse, A. 110, 202), 
.CH u .C(NHJ:NOl?Tformed by the union of aceto- 
ni trilewith hydroxylamine v. Ethenyl-amid-oxim. 

ACET0NURAMIC ACID C s H ln NA i.e. 
NIL.uO.NH.CMe r COOH. a- Uramido-iso-butfric 
acid, di-methyUhydantoic acid. Obt|ined, as 
barium salt (G a H 8 N a O 2 LBa{0HL, by*prolonged 
boiling <H a solution of di-methyl-hydantoln with 
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baryta-water. The acid itself appears to be very 
unstable (Urech, A. 164, 255). A more stable 
acid of the same composition is obtained by 
evaporating the mixed solutions of the sulphate 
of amido-isobutyrio acid and potassium cyanato. 
It forms crystal3^moltiiig, with loss of water, at 
160°, moderately soluble vin hot water and alco¬ 
hol. Decomposed by prolonged heating at 
130°-140° into water and di-methyl-hydantoin. 
C fl H„AgN 2 0 3 crystallises in needles (Urech, A. 
164, 274). H. W. 

ACETONYL-ACETO-ACETIC ETHER C,H u 0 4 , 
i.e. CH r CO.CH 2 .CHAc.CO,Et, a-P-di-acetylpro¬ 
pionic ether. 

From aceto-acetic ether and chloro-acetone 
(Weltncr, B. 17, 07). Liquid. Warm cone, 
ird changes it to pyrotritaric ether C 7 H,O s Efc. 
Water at 160° produces some acetonyl-acetone. 

ACET0NYL-ACET0NE C„H 10 O,, i.e. 
CH a .CO.CH,.CH..CO.CII 3 . Di-methylethylene di - 
ketone. (188 ’ uncor.) 

Formation. -(1) By heating pyrotritaric acid 
(di-methyl-furfurane-c.'irboxylic acid) with water 
at I50°-100° ; yield nearly theoretical. (2) By 
heating acetonyl-aceto-acetio ether with water 
at about 160° ; small yield. 

Properties. -Mobile liquid of peculiar smell. 
Miscible with water, alcohol, and ether, insol, 
cone. KOHAq, or K s OO s Aq. 

Reactions. —P a S a , when heated with it, forms 
thioxene C„H*8.—Heating with alcoholic NH, 
givesdi-mcthyl-pyrrol (Paal, B. 18,2251); amines 
behave similarly (Paul a. Schneider, B. 19,3156). 

TH-oxim CH ;J .C(NOH).CII r OH J .C(NOH).CH, 
[135°]. White glistening plates, v. sol. hot water, 
alcohol, or ether, v. si. sol. benzene. 

I) i-p hcnyl-d i-h y dr azide G.^H^CMeiNjHPh),, 
[120 3 J: plates, v. sol. alcohol, ether, or benzene, 
nearly insol. light petroleum (Paal, B. 18, 58). 

ACETONYL-CARBAMATE C 4 H 7 NO s [76°]. 
Formed by boiling acetonyl thiocarbamate 
(infra) with lead acetate or silver oxide. 
Crystallises from water in prisms, may be dis¬ 
tilled ; dissolves in water, alcohol, and ether, 
Decomposed by heating with strong hydrochlorio 
acid or baryty-watcr, yielding GO s , NH„ and 
a-oxy-iso-butyric acid. The salts C^H^AgNO,, 
and AgNO,.2C 5 H J N0 1 are crystalline (Ure<fli, B. 
11,467; 13, 185). H. W. 

ACETONYL-PHOSPHINIC ACID O s H.PO»i.fl. 
CH 3 .CO.CH,.P(OH),. Residue left after distilling 
acetone with I and P (v. Acetone-phosphorous 
acid under Acetone). SaU.-~B&(C s H.^O a ) 2 ’ 

Di-acetonyl phosphinio Acid v. Di-acetonh- 

PIIOSPIIINIO ACID. 

Di-acetonyl-phosphorous Chloride v. Di-aob- 
TONE-rnosPHoiious chloride, 

ACETONYL - QUINOLINE, C„H„NQ i t. 
,CU:CH 


c s h/ | 

\N :C—CIIyCO.CH, 

Quinohjl-aectone. [70°). Prepared by reducing 
o-nitro-cinnamoyl-acetone in alcol^lio ablution 
with SnCl 2 . Long yellow needles. ‘ Vistiia with¬ 
out decomposition. Sparingly volatile with 
steam. Insol. cold water, si. sol. hot water, 
l^es wool and silk yellow. Heated with strong 
HC1 at 170° it gives (Py. 8)-metfcyl-quinoline 
(Fischer a. Kuaol, B. 16,163). • 

ACETONYL -THIO• CARBAMATE (so called) 

O.H.NSO.. Thiactionuramic acid. [1SB 0 ]. 

»a 



§6 AOETOML-TmO-OARBAM^TE. 

Formed by treating acetone with a mixture ot ACETOPHENONE - AOETO - ACETIC ACID 
potasBium cyanide andsulphocyanide, and HOI: C l2 H, s O t t.e. OHj.CO.CHfCOjHj.CHjCO.CjH, 
CjH.O + CNH + CNSH fil,0 « NH, + C s H,NS0 2 . Acetophenone-acetone-carboxylicacid[lS0 0 -liO°j. 
Long needles; easily sublimable; very soluble SmalLcolourl^s crystals. Obtained by saponifies- 
in ether; less easily in cold water. Sesolved tion <§ the etl^jr which is prepwed by the action 1 
by heating with HC1 in a sealed tube at 120° of w-bromo-acetophenone on sodio-aceto-aeetio 
into C0 3 , H,S, NH„ agd n-oxy-iso-butyrio acid, ether. It is very testable. On warming with 
The silver salt CJI^AgNSOj is very sparingly absolute alcohol it evolves CO., and yields aceto- 
soluble (Orech, B. 6, 1117). H. W. phenone-aoetone CH a .CO.CH.,.CH 2 .CO.C„H, 

ACETONYL-TTBEA d. ei-Methyi, htdaktoin. (Paai, B. 16, 28G5). Acetophonono-aceto-acetio 
ACETO - PHENINE v. Acetophenone, Be- ether is reduced by sodirnn amalgam to a oily 
action 6. lactone, CH 3 .CH.ClL.CH(CHMeOH).CO.O, sol. 

ACETO-PHENONE C„H„0 i.e. C # H,.CO.CH 3 . I _____I 

Phenyl methyl ketone, Acetyl-benzene. M. w. aqueous KOH or Ba(OH) 2 but insol. aqueous 
120. [20-5°]. (202° cor.). S. G. 12 1-032. K.CO, (Weltner, B. 17, GO). Antilles convert ace- 

Formation.— 1. By distilling calcium ben- tnplienone aceto-acctic ctlior into derivatives of 
zoate with calcium acetate (Ericdel, A. 108 pyrrol (Paai a. Schneider, B. 19, 315G). 

122).—2. From BzCl and ZnMc. (Popoif, A. Dehydro - acetophenone - aceto - acetic acid 

161, 296).—3. By action of KOlIAq on ben- C,JI 10 O a [114°]. From acetoplienono-aceto-acetio 
zoyl-aceto-acetic ether. — 4. From phenyl- ether C„H 5 .C0.CII 2 .CH(CO 2 Et).CO.CH 3 by heat- 
acetylene by shaking with diluted (75 p.e.) ing with alcoholic KOII. Large crystals (from 
H 3 SO, (Friedel a. Balsohn, Bl. [2] 35, 54): benzene mixed with benzoline). From dilute 
Ph.CiCH + ILO^Ph.CO.CIIj.—5. From bromo- alcohol it separates in hydrated needles [115°- 
styrene and IP,SO,: small yield.—0. Bromo- 120°j. By boiling with IIC1 it is converted into 
styrene heated with a large excess of water for phenyl-methyl-furfurano-carboxylio aoid 
12 hours at 180° yields GG per cent. (Friedel HC C(CO,Ii) 

a. Balsohn, Bl. [2] 32, G13).-7. From ethyl- // % 

benzene and chromic acid in acetic acid (F. a. PhC—O—CMe. 

B.).—8. From di-bromo-phenyl-propionie acid, Salts.—KA. 1 . Long silky needles (from al- 
CH.jBr.CBrPh.CO-H by boiling water (Fittig a. cohol). NH,A'. 

Wurster, A. 195, iCO). O.eim C I2 H, 2 N 2 0 3 : [172°]; glistening white 

Preparation.— From benzene(10 pts.),acetyl plates; sparingly soluble in water, easily in 
chloride (1 pt.), and A1C1 3 (2 pts.) (llichtcr). alcolioi,ether,benzene,aqueous acids,andalkalis. 

Properties — l arge, plates. Does not combine ; Phcnyl-hydrazide C 1B lI u ,X-Oj: small needles 
withNaHS0 3 but, like other ketones, it reacts witli : (l’aal, B. 17, 91G, 2701). 
hydroxylamine, phenyl-hydrazine, and 1ICN. ACETOPHENONE - ACETONE C„H, 2 0 3 i.e. 

Reactions.—1. Chromic-mixture oxidises itto CU ; ,.CO.CII 3 .CH 3 .CO.C 3 H-, (acdyl-benzoyl-ethans 
benzoic and carbonic acids (PopolT).—2. Sodium- or ethylene methyl phenyl di-ketone). Prepared 
amalgam reduces it to phenyl methyl carbinoi, by beating acetophenone-tffceto-ucetic acid (q.v.) 
Cn 3 .CIIPh.OII, and acetoplienone-pinacone.— witli absolute alcohol. Yellowish heavy oil. SI. 
8 . With HI and P at 140° it gives di-phenyl-di- sol. water, quite insol. alkalis. Cannot be dis- 
methyl-ethane, C„H,,, and a compound C„H,„0 till; d (l’nal, B. 10, 28G8). 

(Graebe, B. 7, 1G2G ; v. Acktopiiknone-pinaco- Reactions. —1. P.,0,, removes H.O forming 
line). —4.C///or/ncprodue.eschloro-acetopiienone , , , , , a CH--CH 

Ph.CO.CH...Cl [59°j (245°) and di-cliloro-aceto- phenyl-methyl-furftrane ,, „ 

phenone Ph.CO.CHCI- (250°-255’) v. Cueoro- , 

acetophenone.—5. Bromine in A'S produces Heated with P 3 S s it gives,similarly,phenyl- 

bromo-acetophenone, I'li.CO.CH.Br [50°] t’.Bao- mothyl-tliiophcne, „ 
mo-acetophenone.—G. Amtizuuia in presence of MeC.S.CPh 

P 3 0 3 forms * acetophonine ’ G.•,]£,,N together 3 , Heated with alcoholic Nil, it gives, simi- 
with methane. Acetophonine ciyslallises from CH--CH 

alcoholinslenderneedles.wliiciiiuaybesublimed. larly, phenyl-inethyl-pyrrol, n n 
It is a weak base; its hydrocliloriiio crystallises MoC.NH.CPh 

in plates, decomposed by water into HC1 and the (Paal, B. 18, 367). 

base. Fuming UNO, forms tri nitio-aeetoplieninc Oxim C 1 ,H 11 NO J . [123°]. Formed by action 
CjjH^fNO-’/jN ; slender needles (from ether), of hydroxylamine. Long white needles, soluble 
Acetopheniuo is probably tri-phenyl-pyridiue: in acids or alkalis. 

iphiCilL 1‘licnyl-hydrazide C„H„N.,0 [c. 105°]. 

Nip \CPil White prisms, got by adding jdienyl-hydrazina 

^CPb.CH^ slowly to a solution of theketoAe in ether (3 vols.). 

(Engler a. Richm, B. 19, 40).—7. When taken V. sol. other or bonzene, nearly insoluble in light 
internally it reappears in the urine as hip- petroleum (faal, B. 17, 2703). 
purtc*acid, having, doubtless, been previously C,,H„N 3 [155°], Formed by mixing the ke. 
oxidised asHn Reaction 1 (51. Neneki, J. pi . tone with phenyl-hydrazine (cf.Knorr.B. 18,305). 
123,288). Debydro-acetophenona-acafcgne 0„H,„O. 

- [83°]. This body is formed together with the 

Besides the derivatives described below, me isomeric phenyl-methyl-ruaronANK by the action 
also: Amioo-^etopueno.ne, Br.ojio-ACE-fbPHKNONE. ofM.c,0 and other dehydrating agents up*n aoe- 
BnoMf^NiTRo-ACETopHENONK, IoDo-ACETopirExoNE, tojmcnone-acetone. Cannot be distilled, even 
Di-methte-amido-acetophenone, Nmto - aceto- j with stsum. It oombinos with bromine, and 
r^NONE, Thio-acetophenone, Acetopuen-oxim. | gives witlfphenyl-hydrazine the same compound, 



AOETOBgENONE CAHBOXYLIO ACIDS. 


C„H„N, [I5S 0 ], that the acetophenohe-aoetone 
itself gives. Henoe its constitution must be some¬ 
thing like CHj.CO.CHj.CiO.O-H,. 

I ACETOPHENONE AICOHOIm O.H.Ch It. 
C,H s .CO.CH,OH V Benzoyl-oasIEnol. An iso¬ 
meric body, C,H,(OH).CO.CH„ is described as 

OXY-AOETOPHEN ONE. 9 

ACETOPHENONE - ANILIDE v. Phenyl- 

ASHDO-ACETOPIIENONE. 

ACETOPHENONE-BENZIIt C,„H„O a [102°]. 
Acetophenone and powdered benzil in equiva¬ 
lent proportions are Bbaken with an excess of 
oonc. KOH (S. G. 1*27). After a few days a 
solid cake is formed, which is washed with water 
and then treated with ether. This leaves dehydro- 
acetophenone-bcnzil undissolved, and on evapo¬ 
ration deposits oblique prisms of acetophenone- 
benzil, which should be recrystallised from 
alcohol. It is v. sol. ether or hot alcohol, si. sol. 
cold alcohol. Above its molting-point it gives 
off acetophenone. Its constitution is probably 
Ph.CO.CPh(OII).CH.,.CO.Ph (Japp a. Miller, 0. 
J. 47, 34). 

Dehydro-acetophenone bonzil C ;1 FI lu O a [129°]. 

Formation. —See above. 

» Preparation. —Equivalent quantities of aceto¬ 
phenone are shaken with excess of eono. KOH 
(S.G. 1’27) and kept liquid for some hours by the 
application of sufficient heat. The product is 
treated as described above, but ether extracts 
hardly anything. The residue insoluble in ether 
is crystallised from alcohol (J. a. M.). 

C, ,H„0 2 + 0,11,0 =, C k H„0 2 + H.O. 

Properties. —Tufts of flat needles (from alco¬ 
hol). V. si. sol. ether or cold alcohol, v. sol. 
boiling alcohol. 

Reactions. — Bromine added to its solution in 
chlorofcwm unites forming largo reddish crys¬ 
tals which are apparently the tetrabromido 
CJHj.OjBr, [110°-115°]. Becomes dark at 70", 
and pale again at 80°. The bromine is given off 
in a few weeks over lime. ; 

Constitution.— Dehydro-acetophonone-benzil 
differs from dehydro-aceton#benzil not only in 
forming a bromide but also in having a very 
much lower melting-point than would be expected 
if they were of analogous structure. Japp a. 
Miller assign to dehydro-acetone-benzil the for¬ 
mula Ph.CO,Cl’h<^j:">CO, and the unsatu¬ 
rated formula Ph.CO.CPhrCH.CO.Ph to dehydro, 
acetophenone-bonzil. The latter formula can, 
however, account only for a di- and not for a 
tetra-bromide (C. J. 47, 37). 

ACBTOPHENONE CABBOXYLIC ACIDS. 

Aoetophenone w-Carboxylio Aoid 0,11,0, 
C.Hi.CO.CHj.COjH v. Benzoyl-acetic acid. 

Acetophenone o-Carboxylio Acid [I : 2] 
CO,H.O,H..CO.G£L. o-Acetyl-bcnzoic acid. 
[115°]. 

Formation.—1. Together with CO-, from 
aoetophenone di-carboxylio aoid by tearing, long 
boiling with water, or by potash-fusion.—2. By 
heating phthalyl-acetio acid with water at 200 °: 

.O.-OH.CO* 

° ,H, <ooIb + H ‘°“ 


°‘<o X o + * 


• CO t H.C,H J .CO.OH, + CO, / 

(Gabriel a. Michael, B. 10, 1554).—8. From 
methylene-phthalide by warming with \queous 
KOH (Gabriel, B. 17,3534) t 


Q => CO,H.O,H,.CO.CH t . 

Properties. —Broad crystals, with sweet taste. 
Reactions. —1. Bromine and glaoial acetic 
acid at 100° convert it into bromo-methylene- 
*0 = CHBr 

phthalide C.H,q \ 

'CO.O 

2. Cone. H..SO, forms, in the cold, two bodies, 
C.,11,,0, [216°] and C ls H,,0, (e. 134°]. The 
latter body is a monobasic acid, di-acetophe- 
none carboxylic acid, and splits up into 
CO, and the former body when it is heated above 
its melting-point (W.lloser, B. 17,2620; Gabriel, 
B. 17,2665).—3. Alcoholic NII 3 for fourteen hours 
at 100° forms a base, C„H, I N s O.. [204°-210°] 
It crystallises in long needles, insol. water or 
alcohol and gives a nitroso-ilerivativo [240°] 
(Gabriel, B. 18,1258).—4. Ac-0 and NaOAc form 
Ac.C 8 H,.CO.Ao [71°]; needles, insol. alkalis 
(Gabriel, B. 14, 921). 

Phenyl-hydrazide 

C 0 2 n.C a H,.CMe(N 2 nPh) 

[102°]. Small prisms or large tables, v, e. sol. 
alcohol (iioser, B. 18, 804). 

Oxim.— The anhydride of this body, 

CMe:N 

0,H,< 'co.A’ 

[159°] is formed by the action of hydroxylamine 
(base) on aeetophenone-o-carboxylic ether, or of 
hydroxylamine hydrochloride upon acetophenone 
di-earboxylic ether. It is also got, together with 
C0 2 , when the oxim of acetophenone di-car- 
boxylic acid is heated. It crystallises in colour¬ 
less needles (Gabriel, B. 10, 1993). 

Acetophenone ^-Carboxylic Acid C^HgO, 
[1 : 4] CO.dI.C ti H 4 .CO.CH a . [200°]. Formed, to¬ 
gether with terephthalic acid, by wanning exo- 
oxy-isopvopyl-benzoic acid Me 2 C(OH).C B H v CO a H 
with chromic mixture (B. Meyer, B. 12,1071 • 
A. 219, 259). The process is similar to thal 
by which tri-methyl-carbinol is converted into 
acetone. Needles (from water). May be sublimed. 
V. si. sol. cold water, si. sol. hot water, alcohol 
or ether. * 

Salts— BaA'oJaq.—• Cu A/aq.— PbA' a l Jaq.— 
Ag-V. ' * 

Methyl ether. —MeA', [92°]. Small needles. 

Acetophenone o-oj-di-carboxylic acid 
C I 0 H,O,aq i.e, CO.H.CJI,.CO.CK.,.CO,H aq. 
Benzoyl-acct-carboxylic acid. [90°]. Formed 
by dissolving phthalyl-acetio acid (q. v.) in cold 
aqueous NaOH and ppg. by HCi (Gabriel a. 
Michael, B. 10, 1553). It behaves, therefore, 
as if phthalyl-acetio acid were its anhydride. 
Broad needles (from water). (Jp molting, it sprite 
up into H.O, CO a and acetophenone o-carboxylio 
acid (q. «.)’. 

Salt ; AgA': granular pp. 

Phenyl-hydrazine, in alooholio solution 
in presence of HOAc, forms the anhydride*)!\h# 
C-CH,.i%H 

phenyl-hydrazide: C,H,<^ ^>}(jPh 


CO' 

It«s soluble in NaOHAq and is reppd. by HCL 
[160°] giving off CO„. It forms sails, e.g .! 
(O^uN.jOJ.CaSaq (W. Boser, B. 18, 803)* ■ 
Sydroxylamim forms, in like manner, not 
the oxim but its anhydride; 
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X — CHjCOjH 

[o. ISO 0 ]. This is a mono-basic acid, and splits 
op, when heated, into CO, and the anhydride of 
the oxim of acetophenone-o-carboxylio acid 
(above). o 

ACETOPHENONE CHLORIDE v. di-Chloko- 
ethyl-benzene. 

ACETOPHENONE CYANHYDRIN C»H,NO, 
f.e. Ph,C(OH)(CN).Me a-oxy-a-phenyl-popio- 
nitrile, a-oxy-hydro-atropo-nitriU. Formed by 
mixing acetoplienono with KCN, and adding 
fuming HC1 (Spiegel, B. 14, 235). A brown oil. 

Henetions.— l. KOIIAq gives atrolactie acid, 
Ph.CMe(0H).C0 3 H.-2. ITC1 at 130° gives 
ehloro-hydro-atropic acid: Ph.CII(CH.,CI).COJI 
. (Spiegel, B. 14, 1352).—3. Ammonia forms 
Ph.C(NH„)(CN).Me (Tiemann a. Kohler, B. 
14, 1980). 

ACETOPHENONE-DI-METHYL-ANILINE v. 

DI-MeTHYL-AMIDO-IIKNZYL PHENYL KETONE. 

ACETOPHENONE DI - METHYL - HYDRA- 

ZIDE C, 0 H„N,, i.c. PhCMe:N,Mo,(105°) at 190 
mm. Formed from acetophenone and di-methyl* 
hydrazine at 100° (Iticscnegger, B. 10, 603). 

ACETOPHENONE NITRANILIDE v. Nituo- 

PHENYL-AMIDO-iCETOl'HENONE. 

ACETOPHENONE PHENYL-HYDRAZIDE 

C 14 H,,N 2 i.e. CPhMeiN.riiH [105°]. Formed by 
shaking acetophenone suspended in water with 
a solution of phenyl-hydrazine hydrochloride 
and sodium acetate (Fischer, B. 17, 576). Also 
by allowing a cone, alcoholic solution of phenyl- 
hydrazine and acetophenone to stand for a day 
(Riesenegger, B. 16, CGI), or by heating the 
oxim with phenyl-hydrazine (Just, B. 19,1200). 
Slender white needles or plates. V. sol. ether, 
si. sol. water or cold alcohol. 

ACET0PHEN0NE-(j 3)-PINAC0LINEC„ H„ O, 
».«. PhjCMe.CO.CH, (?). [41°]. (310° uncorr.). 
Prepared by the action of zinc and IIC1 on an 
alcoholic solution of acetoplienono. Khombie 
prisms or short pillars. Soluble in C„H t , ether, 
acetic acid, hot alcohol, Ac. By heating with 
soda-lime it gives HOAc and di-nhcnyl-methyl• 
methane, PhjCII.CH,. On reduction with ill 
and P, it gives a hydrocarbon C,, 11 . [128’], 
whlcn is apparently identical with the hydrocar¬ 
bon formed by the action of Na on bromo-ethyl- 
benzene: PhCIIMe.CHMePh. CrO, oxidises it 
,to di-phenyl-propiotiic ncid, CIIjCPhBOJl. 

It .An isomeric acetophenone-pinacoline [70°] 
in pftf3° i. V.) is formed when acetoplienone is 
hase. Fusrith HI and P at 140- (Graebe, B. 7, 
C-,H M (N (3.1, forms plates or tables (from alcohol). 
Acetopheniu&cked by AcCl; HI reduces it to the 
(Thornor a. Zinckc, B. 11. 

K ^NE-PINACONE 

(Engler a. Richm, j. 0,11,-0(01!) - CU, 
internally it reappear„ Hs -C(OH)-ClI. 
punc •acid, having, douL, .. . 

oxidised aaSn llcaction 't , actl0 “ ° { s 
123,286). of acetopheuo 

7 - prisma. V. sol. 


Besides the derivatives <lesci?^ s 8 P 1 ^ U P<P U 
also: Amido-^etophenone, BiioMo-At“ e * , y*‘ m . e 4 1 y ‘ 
BrOM^NITRO-ACHTOPHENONE, IoDo-ACE‘P V T er * 

]>I-METHYL-AM1DO-ACETOPHENONE, NITl&P'Gv.GH, 

fqgpONE, Two-acetophenone, Acetopues* 


ACETOPfiEN-OXIMCJ^NQ,i.£,PhCMe:NOH 

[59°]. Phenyl methyl heloxint. Formed by 
mixing alcoholic solutions of acetophenone and 
hydroxylamine; after 24 hours, the aloohol is 
distilled off, aW the produc* Crystallised from 
water. It forratJ colourless silky needles. Vola-i 
tile with steam; sotyblcin hot water, alcohol, 
ether, benzene, chloroform, or benzoline. Soluble 
in acids and in alkalis. 

ACETO-PROPIONIC ACID v. Acetyl-pro* 

PION1C ACID. 

ACETO-SINAPIC ACID V. Sinapic ACID. 
ACET0-ST7CCINIC ACID v. Acetyl-succinio 

ACID. 

ACETO-THIENONE v. Thienyl methyl 

KETONE. 

ACETO-THIO-TOLTJIDIDE v. Tiiio-acktyl- 

TOLUIDINE. 

ACETO-VALERIC ACID v. Acetyl-valeric 

acid. 

ACETOXIM C 3 H 7 NO, i.e. Me,C:NOH Di- 

methyl-kctoxhn , acetone hydroxylamide [60°] 
(135° i. V.) at 730 mm. Prepared by leaving an 
aqueous solution of acetone mixed with 
hvdroxylamine hydrochloride, neutralised with 
NaOH, to stand for 24 hours; and extracting 
with ether (V. Meyer a. Janny, D. 15, 1324). 

Properties. —Colourless prisms ; extromely 
volatile and smelling like chloral. Very soluble 
in water, alcohol, ether, or benzoline. Neutral 
to litmus. Ether extracts it from a neutral, but 
not from an acid or alkaline, solution. It is 
readily decomposed by boiling acids (even acetic) 
into acetone and hydroxylamiuc. Acid reducing 
agents have a like effect, but zinc dust and 
NaOH does not affect it. 

BTIC1, white powder [c. 100°], very un¬ 
stable, formed by passing UC1 gas into a dry 
ethereal solution of acotocim.—C ;l Il.NCNaOEt, 
crystalline scales, got by adding NaOEfc to an 
ethereal solution. 

Benzoyl derivative Me._.C:N(OBz), [42°], 
small colourless tables, very soluble in alcohol 
and ether, slightly in water; formed by the 
action of benzoyl chloride on acetoxim. 

Benzyl ether Mo,C:N(OO.H ; ), (c. 190°), 
oily fluid, soluble in alcohol and ether, insoluble 
in water; formed by the action of benzyl 
chloride and sodium ethylate on acetoxim; ou 
warming with aqueous UCl, it is split up intc 
benzyl-hydroxylamiuc (1EN.OG-H.) and acetone 
(.Jannv, B. 10, 170). 

ACET0XIMIC ACID O.H.NA, 
CH 3 .C(N011).CH(N0H). Nitroso-aceioxim , Dt- 
nitmsn-propane f!53°j. Formation. —(11 By the 
action of hydroxylamine on «-di-chlor-acetone 
(CHj.CO.CHCL). - (2) By the action of hydroxy- 
lamine on nitroso-acetone (CHj.CO.CH(NOH)) 
(Meyer a. Janny, B. 15, 1105). Small prisms. 
Soluble in alcohol, ether, aifcl^hot water. Its 
alkaline solutions arc colourless. 

ACETO^YL. Kolbe’s name for aoetyl. 
Now used to denote C.JIA* 

ACET-T0LUIDE v. Acctijl-TQLmvvtm. 
ACET-TOLYL-IMID^OLY^AMIDEd.TolyL 0 

ACETAMIDINE. 

ACETURIC ACID CANO, U 

CgJNHAcJ.CO^H ( acctyl-glycocoll , tfcetyl- 
glfcine, or actlamido-acetic acid). [206°]. S.(al 
16°) 2-7. 

Formation; 1. By heating glyooooll fJth 




ifcEfrirBtrm, alcohol. 


U,o.«. _ 

hioride (Kraut a. Hartmann, A. 138, 99). 

Long colourless crystals, readily soluble in 
tot water and.iij aloohol, insoluble im ether, 
hloroform and oenzene. § 

Reactions. —Givesared coloration withFe,01 a . 
leadily saponified by boilinf with aoids or alkalis. 

Salts. —ATiH, aq: soluble needles or largo 
ables.—A'Ag: soluble plates.—A'jBaSaq: easily 
oluble needles. — A' a Cn4§aq : blue trimetriu 
irisms, easily soluble in water and in alcohol.— 
i/HHCl* : needles, decomposed by water. 

Methyl ether.— A'Me,r69°], (254°) at712 mm., 
ong colourless tables, easily soluble in water, 
dcohol, and benzene, sparingly in ether. 

Ethyl ether. —A'Et, [48°], (200°) at 712 mm., 
.rimetric plates. 

Amide CH 2 (NHAc).CO.NlI—[137°], largo 
'odourless tables, soluble in water and alcohol, 
insoluble in ether (Curtius, B. 17,1003). 

ACETURElDE V. Acetyl-lhwk. 

ACET-XYLIDE v. Acctifl-X ylidink. 

ACETYL C,,H a O, CO.CIL,, COMe or Ac. The 
radicle of acetio acid, Ac. The name A cetyl was 
formerly applied to the radicle C.JI S . The prefix 
• acet - often indicates the radicle CH 3 .C: as in aoet- 
amidino; sometimes it is merely a contraction for 
aoetyl, as in acet-xylide. The acetyl derivatives 
obtained by displacing H in OH or in NIL or 
in NH are described under the compounds from 
which they are derived by this displacement. 

DI-ACETYL C 4 H h 0 2 i.c. CH r CO.CO.CII 3 . 
The oxim, CH 3 .C(NOH).C(NOH).CH 3 , of this 
hypothetical body, called also di-methyl-glyoxim 
or methyl-ethyl-acetoximic acid , is formed by 
adding hydroxylamine hydrochloride to an 
aqueous solution of methyl oximido-ethyl ke¬ 
tone, £JH s .CO.C(NOH).CHj. Glittering needles 
(Schramm, B. 16, 1$0). 

DI-ACETYL-ACETONE DI-CARBOXYLIC 
ACID v. Aceto-acetic ether, Reaction 32. 

ACETYL-ACETOPHENONE v. Benzoyl-ace¬ 
tone. 

ACETYL-ACRYLIC ACID v. Tetrtc acid. 

DI-a,-a 2 -ACETYL-ADIPIC ACID C lu H H 0,i.c. 
CO z H.CHAc.Cil r CH z .CHAc.COJI. 

Di-ethyl-ethcr.—'Ei.Ji.". Formed as a by¬ 
product (20p.c.) of the action of ethylene bromide 
upon sodio-aceto-acetic ether, and found in tho 
residue after distilling with steam. It is a thick 
colourless oil; its alcoholic solution gives a dark 
reddish-violet coloration with FeXl,,. 

Reactions. —1. It gives a tolerably stable di- 
sodio-derivative which, on treatment with iodine, 
yieldfc the di-ethy lie ether of di-acctyl-tetra- 
methylene-di-carboxylic-acid, 
CH^CAc.COaH 

CH. CAc CO ^ * an ttC1< * W * 11C * 1 cr y 8tallises (with 
2aqj in pearly Scales [210°].—2. By cone. NH, 
di-acetyl-adipic ether is converted into theketone- 
imide, C u TLj 4 N z 0 4 [177°].—3. Plunyl-hydrazinc 
forms the phenyl-hydrazide [145°J, which readily 
splits off aloohol giving ethylene-di-methyl-di- 

oxy-di-quinizitw,, 

T^tCMe Me.C: HNj. 

. "“‘Nso. CH.CH r CH s .CH.CCK ‘ 

4. By distillation, or on solution in oono. HjSO„ 
it loses H,0, giving an ethor 0 1( H,,2,*whiah pro- 
bablyhaa the constitution 


The oorresponding aeft, [189°], forms a phenyl, 
hydrazide, C^H^O jN.PhH) [192°] (Perkin a. 
Obretnbsky, B. 19, 2051). 

ACETVL-AHIDO COMPOUNDS v. Amido 

COMPOUNDS. • . 

ACETYL-BENZOIC ACID v. Acexopbenonh 

CAMIOXYLIO ACID. 

ACETYL-BENZOYL-ETHANE v. Acetophb- 

none-acktone. 

ACETYL-BENZOYL-ETHANE CARBOXYLIO 

ACID V. AcF.TOI'UENQNK-ACETO-ACETIC ACID. 

ACETYL-BENZYL-SUCCINIC ETHER 
C 1; H„O 5 i.e.CO. J Et.CAc(CH 2 l>li).CH 2 .CO,,Et(310 o ) 
S. G. 4* 1-088. Prepared by the action ol benzyl 
chloride on a mixture of sodium ethylate and 
1 acetyl-succinic ether (Conrad, It. 11, 1058). 

! ACETYL BROMIDE C.H s OBr i.e. CH a .CO.Br. 
Acetic bromide (81°). Formed by treating 
acetic acid with PBr, (llitlcr, A. 95, 209). Pre¬ 
pared by gradually adding 240 g. bromine to a 
mixture of 90 g. glacial acetic acid and 38 g. 
amorphous phosphorus, and distilling when the 
action is complete (Gal, A. 12U, 637). Hanriot 
(A. Ch. [5] 17, 83) uses 1 pt. phosphorus, 
15 acetic acid and 40 bromine. Colourless 
fuming liquid. Heated with bromine at 100° in 
a scaled tube, it yields bromacetyl-bromida 
C.jH.llrO.Br, together with more highly bromi- 
! nated compounds, which may bo separated by 
fractional distillation (Gal). On tho action of 
bromine on C,H 3 OBr, see alsoUroch (£.13,1720; 

J. 1880, 38(1),' H. W. 

ACETYL-BUTANE-PHOSPHONIC ACID 

V. DI-ACETONE-rilOSPHINIC ACID. 

ACETYL-BUTYL ALCOHOL C„H, 

Di-aeetonic alcohol CH 3 .CO.CH...CMe 2 .OH. 
(104°). S.G.15-931. 

Preparation..— Acid oxalate of di-acetoua- 
mine (1 pt.) is dissolved in water (3 pts.) and 
cooled to 6°, when it deposits some of the salt; 
solid KNO... (2 pts.) is slowly added, and the mix¬ 
ture kept cool for some days and then heated to 
50° or 00°; the oily layer (mesityl oxide) is re¬ 
moved partly by distillation, partly by a tap- 
fnnncl; anB the aqueous solution, neutralised 
with KjCOj, is shaken with ether (Heintz, A. 

1 109, 111; 178, 342). • 

Properties.— Syrup, misoiblo with water, al¬ 
cohol, or ether, gives oil hydrogen when treated 
with Na. 

V-Acetyl-n-butyl Alcohol C„H, a O, «... 
CH,.CO.CH.,.CH...CH,.CH..OII. Methyl S-oxy-n- 
butyl ketone. (155°) at 718 inm. S.G. a 1-0148. : 

Formation. — 1. l f rom bromo-propyl-aoeto- 
acctio etliei (50 g.) by boiling for an hour with 
water (50 g.) and IIC1 (20 g. of S.G. 1-18) (Lipp, 
B. 18,3280).—2. From so-called tetra-methylena 
methyl ketone carboxylic acid by boiling with 
water (Perkin, jun., B. 19, 2557). 

Properties. —Liquid with cainphor-like smell, 
v. sol. water, alcohol, and ether -, scarcely volatile 
with steam. It does not reduceTehling’B solu¬ 
tion or ammoniacal AgNO„. Chfomie mixture 
oxidises it to 8-acetyl-it-butyrio aoid. Sodium 
^amalgam reduces it to w-8-di-oxy-hexane. 

Anhydride C,H„0 U. 

Oil. Formed by distilling the aloohol of th* 
following acid. 



ACETYL-BUTYL 


T»tra-methyl#ne nwthyl ketone oarboxylio 
Mid, CjH, a O„ appears to be a oarboxylio acid 
formed from the anhydride of acetyl-butyl 

alcohol: 

Its ethyl ether C„H M O s , (223°)' M.M. 10195, is 
formed by the action of (irimethflene bromide on 
aceto-aoetio ether (». p. 24).’ 

ACETYL-BUTYL BROMIDE C„H„BrO i.e. 
CHj.CO.CHj.CHj.CIL.CHo.Br. (210°) at 718 mm. 
Prom the preceding acid, C,H,„0„ or from aeetyl- 
bntyl alcohol by the action of HBr. Also formed 
by heating bromo-propyl-aeeto-acotio ether with 
dilute acids. It is a colourless oil, v. sol. alcohol 
or ether, v. el.sol. water; boiling water converts 
it into the alcohol (Lipp, B. 18, 3281; Perkin, 
B. 19, 2557). 

ACETYL-BUTYRIC ACIDS C„H,„CV 
a-Acetyl-n-bntyrio acid CIIj.C1L.CHAc.COJI 
v.Ethyl-aceto-aceticacidaniet Aceto-ackticaiud. 

0-Acetyl-n-batyrioacidCHj.CfIAc.CH.,.COJi. 
[0.-12°]. (242°). Formed, together with its ether, 
by boiling o-acetyl-e-methyl-succinic ether, 
CO.jEt.CMeAo.CHj.CO.jEt, with HC1 (BischolT, 
A. 206, 331). 

Very hygroscopio liquid. V. sol. water, alco¬ 
hol, or ether. Oxidises in air. Hot dilute 
HNO, forms pyrotartaric acid. 

Salts. — ZnAT (at 100°) : nodules (from 
alcohol). The salts of the alkalis and alkaline 
earths are syrupy, the lead salt may be got as a j 
vitreous mass. 

Ether.—Elk! (204° 205°). Oil. 

7 -Acetyl-n-butyric acidCILAc.CIL.CHj.COjH 
[13°]. (c. 275° i. V.). From sodium aceto-aci (tic 1 
ether and 3-iodopropionio ether (Fittig a. AVoIlf, 
A. 216,127). Thick liquid. V. sol. water, alco¬ 
hol, or ether. Solutions are acid and decom- 1 
poseNa..CO,. Forms a crystalline compound with ! 
water, CII,.C(OH)j.CHj.CHj.CHj.COjH [35°-3G°] 
which forms monoclinie prisms, 

a:b: c=--769 : 1 : -885 5-75° 20'. 

Over HjSOj it loses 1LO, becoming liquid. 

Salts. — Ca(C„TI a O a )jaq.— Pb(C,H,0 3 )jaq. — 
ZnA'j.— AgA'. 

Reactions .—Sodium amalgam reduces it to | 
J-Oxv-HEXOIC ACID (q. V.). ‘ i 

a-Acetyl-iso-butyric acid (CH,)jCAc.CO,lI i 
v.di-rttethyl-aceto-accticacid under Ackto-acktic 

ACID. 

B-Acetyl-iao-butyric acid CH.,Ac.CMcH.CO JI ! 


EomatioA.— Cono. H..SO, dissolves B-ohlorc 
allyl alcohol, CH.,:CCl.CHjOH, giving off HOI 
the solution is dilated and distilled (Henri 
Bl. 39-528). „ J ,, 

Et)iyl etKQ. — CHj.OO.CII.,:OF.t. (128°) 
S.G. i* '92. Formed by heating propargyl ether 
CH;C.CHjOEt, withOwater and HgBr, (Henry 
C. 21. 93, 421). Colourless liquid with peculial 
odour and burning taste. 

Acetyl derivative CjH,0(OAo). Colourlest 
fluid. (172°) S.G. H 1 ' 053 . Soluble in water. Pre¬ 
pared by heating potassium acetate with ohlor- 
acetone. Also from propargyl acetate, water, 
and IlgBr-j. The alcohol has not been got by 
its saponiiication. Readily reduces ammoniacal 
silver nitrate or Folding's solution, the ohief 
product of the oxidation being lactio acid. 

Benzoyl derivative CjH,,0(0Bz). Long 
needles. [24°]. Soluble in hot water, easily in 
alcohol and ether. Prepared by heating potas¬ 
sium benzoate with ohloracetone. (Breuer a. 
Zineke, B. 13, 637.) 

ACETYL CHLORIDE CjIL,O.CI, i.e. Ao.Ol. 
Acetic chloride. M.w. 78-5. (50-9° cor.) (Thorpe, 
C. J. 37, 188); (51 0 -52°) at 720 mm. (Briihl, 
A. 203, 14). S. G. ; M377 (T.); 1-1051., 

C. E. (0 J -10°) -001391; (0°-50°) -001504 

S. V. 74'05 (T.). 1-3954. It j, 26-82 (B.). 

II.F.p. 03,300 (Bertliclot). 

Formation .—1. From POClj and potnssio ace¬ 
tate: 3KOAc + POC],=K,PO, + 3AcCl (Gorhardt, 
A. Ch. (3j 37, 294). — 2. Contained in the more 
volatile portions of the product of the action of 
chlorine on aldehydo (Wurtz, A. Ch. [3] 49, 58). 
3. By distilling glacial acetic acid with PCI,: 
HO Ac + PCI,= AcCl + C1H + POOL (Ritter, A. 
95, 209). 

Preparation.— By distilling glacial acefjo acid 
(Gig.) with phosphorus trftliloride (93g.) (B4- 
champ, J. 1850, 427). The reaction is as 
follows (Thorpe, C. J. 37,186): 

SHOAo + 2PClj. 3 AcCl + 3HC1 + r,0,. 

If more HOAc bo used Ac.jO is also formed. 
The action of PCl,|ls therefore precisely like 
that of PCI,, amounting to a displacement of O 
by CL,; the molecule HCLAc, which might be 
expected to bo formed, cannot hold together on 
account of the monovalent character of chlorine, 
and so splits up at once into I1CI and ClAo. 
Under precisely similar conditions, alcohol, 
HOEt, gives 1IC1 and ClEt. 


(248°). Formed, together with its ether and j J'ropcrtics.— Colourless, fuming, mobile, and 
COj, by boiling a-acetyl-B-methyl-succinio ether, j strongly refracting liquid. Its vapour strongly 
COjEt.CHAc.CHMe.OOjEt, with 1101 (Bischoff, attacks the eyes and respiratory organs. 

A. 206,319). It is a liquid. V. sol. water, alco- Reactions.— 1. Violently acted on by water, 
hoi, or ether. Turns brown in air. Dilute HNO, with formation of HC1 and acctio aoid.—2, 
forms pyrotartario acid. The salts are amor- With ammonia it yields acetamide AcCl + NH,- 
{>hous. The silver salt deposits silver on warm- I1C1 i AeNiL and with aniline in liijo manner, 
mg its solution. * acetanilide, AcNlIPh.—3. Distdljjd wflh potas- 

Ether.— EtA' (20G°-208°). Oil. sium acetate or benzoate , it “orms acetic or 

ACETYL-TRI-CAEBALLYLIC ETHER aceto-benzoic oxide: KOAc + AcCl « KC1 + Ao a O; 

0„Hjj0,, i.e. COjEt.CH r CAc(CO,F.t).CIL.CO .Et. and KOBz + AcCl - KCI t AcOBz. Similarly with 
FronJchloro-aoetic ether and sodium acetyl-suc- salts of other acids.—4. With potassium hydro- 
cane ether, JCOjEt.CHj.CAcNa.CO.Et (Miehle, sulphide it yields acetic hydrosulphide or thio- 
A. 190,323). It boils with much decomposition acetic aoid, and with poleGsiummsonosulphide it 
at 280°-300°. Boiling baryta water or cone, alco- forms acctio sulphide or thioaoetio anhydride, 
holic KOH split it up completely into alcohol# AcCl + KSH = KCI + AcSH; and 2AoCl + K,S - 
acetic, and trimarballylic, acids. • 2KC%t Ao.S (Jacquemln a. Vosselmann, O. R. 

ACETYL-CARBINOL CjHjOj i.e. 49, im).—6. With potassium nitrile it gives 08 

OHj.CO.CHjOH. Pyruvyl alcohol, Oxy-acetone, nitrosyl-cMIoride, and towards the end of the re. 
Acettf. action NO B *»nd on heating the residue to 180®, 



ACETYLENE. 


tcetls anhydride distils over: AcCl t-KNO,« 
NOCl+KOAo, end AoOl + KOAo = KC1 + Ao,0 
'jj&rmatrong, 0. J. 26, 68 S).— 6 . Silver nitrate 
acts : 2AcCl -tA^NO,=AgCI + NOj + Cl + ka.fi. 
Similarly wit" other nitraps : Hg(NO,)„ 
Pb(NO,)„ and KNO, are attacked immediately; 
Ba(NO ,) 2 is not affected; 08(N0,), readily. With 
KNO„ chlorine is first evolved, NO, only towards 
the end (Armstrong).—7. With succinic acid it 
yields acetio acid and succinic anhydride, 

0 A(COOH), + CH s .CO.Cl = 

HC1 + OH,.COOH + C 2 H,(C0),0; 
and it reacts in like manner with other dibasic 
dihj dric acids; viz., isodibromosuccinic, phtha- 
lic, diphonic, and camphoric acids; isosuccinic, 
ordinary dibromosuccinic, fumaric, and tere- 
phthalic acids aro not attacked; sublimed an- 
liydrous oxalic acid is resolved into H.O.CO, 
and CO,; benzoio acid yields benzoio chlorido 
and acetio acid (Anschutz, B. 10, 325, 1881).— 
8 . With titanic chloride , acetyl chloride forms the 
compound TiCl,AcCl (Bertrand, Bl. [ 2 ] 33, 403). 
Large transparent octahodral crystals [25°-30°J 
sol. in CS,.—9. Aluminium chloride reacts ac¬ 
cording to the equation A1„C1„ + 4(CH S .C0)C1=. 
•4HC1 + 2(CH,.CO.CH;CO),Al’,Cl, (Winogradoff, 
Bl. [2] 34, 325). The product is a solid, de¬ 
composed by water into CO, and acetone.— 
10. I’Clj at 190° forms chloro-acetyl chloride 
CH.C1.CO.C1 (Samosadsky, Z. 1870,105), and tri- 
chloro-acctyl chlorido, CCl,.CO.Cl (Hiibner, A. 
120, 330).—11. Zinc produces a brown mass 
whence alcohol extracts 1 acetylide,’ C,JI.,0,, 
which may be ppd. by water. Bed plates (from 
chloroform). Sol. ether, alcohol, HC1 Aq, fuming 
UNO,, or Ac,0. Combines with bromine; does 
not reduco Fehling’s solution (Tommasi a. 
Quesntville, C. A 1 .,70, 496). — 12 . Acts upon 
benzene, in presence of A1C1„ with formation 
of acetophenone (q. ».).—13. Acts similarly upon 
thiophene, or its mono-haloid derivatives, dis¬ 
placing, in presence of A1C1„ II by Ac. Bat 
m di-bromo- or di-iodo-thiophene it displacos, in 
presence of A1C1„ Br or I Vg Ac, c.g.: 

C,H,SBr, + ClAo - C 4 H,SBrAo + CIBr 
(Gattermann a. Bonier, B. 19, 088). H. W. 
f i ■ Use in Organic Investigations. —Acetyl chlo¬ 
ride evolves HC1 when it is heated with any sub¬ 
stance containing the radicles hydroxyl, amido- 
gen, or imidogen. Hcnco, if a substance does 
not evolve HC1 when so treated, it may bo as¬ 
sumed to be free from these radicles. If the 
hydroxyl be alcoholic, i.e. attached to an atom 
of oasbon that is not attached to any move oxy¬ 
gen, it will be converted into aeetoxyl (AcO); 
and, if the substance contains no nitrogen, the 
number of acetoxyls it contains after this treat¬ 
ment gives thsyiumber of alcoholic hydroxyls 
the body oontams. Before making the experi¬ 
ment, all carboxyls should be etherifind, since the 
group CO,H is attacked by AcCl (#. Jteaction 7), 
while the group CO,Et is not attacked. The 
number of acetyl groups that have entered may 
in many oase^be determined by boiling with 
standard alkali and subsequent titration (SchilT). 
Acetyl ohloride converts NH, into NHAc, but 
hardly ever into NAc,. It converts NH int^NAc. 
It has no action upon tertiary amines, h*ce it 
can be used in the diagnosis of badls. Acetyl 
ehloride does not aot upon hydrogen directly 
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united to earboa, exoept in presence of A101, or 
some similar agent. 

ACETYL CYANKE 0,H s ON or AoON 
Pyruvo-nitrile. M. w. 69. (99°). V.D. 2-4. 

Preparation.— When acetyl chloride and sil¬ 
ver cyanide are heated together in a sealed tube 
at 100 3 , and th*product is distilled, a colourless 
liquid passed over at 8u o -90°, and afterwards a 
compound having a much higher boiling-point. 
Tlie first yields acetyl cyanido on rectification. 

Properties .—Oil, lighter than water, whioh 
gradually dissolves it, forming HCN and HOAo, 
converted by HC1 first into CH,.CO.CONH„ and 
subsequently into pyruvic acid (Hiibner, A. 120, 
230 ; 123, 271; see also Fileti, G. 5, 391; J. 
1875, 510). 

Di-aoetyl-di-cyanide C n II„0,N 2 [C9°] (210° 
cor.). V.D. 4’57 (for 4-77). Formed from acetyl 
cyanido by heating it with KOH, or even by 
keeping it for some time in a closed vessel. 

Preparation .—Powdered KCN (32 pts.) is 
boiled with aoetic anhydride (50 pts.), diluted 
with benzene (200 pts.): yield is 25 p.c. of the 
theoretical (Kleeman, B. 18, 256). Glistening 
tables, el. sol. hot water, v. sol. alcohol, ether,or 
benzene. Di-acotyl-di-cyanido, like acetyl cya¬ 
nide, is converted by boiling with water, H,SO„ 
or KOII, into HCN and AcOH. Heated with 
AgNO., it yields AgCN. 

ACETYLENE C,H, or CH.CH Ethine, 
Ethincne. M.w. 20. Physical Properties of 
liquid- acetylene: S.G. - '451; m -420 ; *4 '381. 
C.E. (-7° to 36°) ’00489. Vapour-pressure : 
16,340 mm. at 0° ; 24,000 mm. at 13’5°. Criti¬ 
cal Point 37° (G. Ansdell, Pr. 29,209). Proper¬ 
ties of gaseous acetylene ; V.D. -91. S. 1 at 18°; 
S. (CM, or isopentane) 1; S. (CCi, or turpentine 
oil) 2; S. (amyl alcohol) 34; S. (benzene) 4; S. 
(glacial acetio acid or abs. alcohol) 6 (Borthelot, 
A. Gh. [4] 9, 425). II.F.p. -47,770. H.F.V. 
-47,770 (Th.) ;-64,000 (Borthelot). 

Occurrence.—la coal-gas (Boettgcr, A. 109, 
351). 

Formation. —1. Synthetically by passing 
hydrogen gas over charcoal heated to whiteness 
in the electric aro (Borthelot, C. B. 54, 640); 
the hydrogen may bo passed through holes 
drilled through tho centre of carbon points 
discharging powerful sparks (Dowar, Pr. 29, 
188). —2. By exposing marsh-gas or coal-gas to 
a strong heat, or to tho spark of a powerful 
induction-coil: 2CII, = C.H, + 3H, (Berthelot, 
C. It. 54, 515). Part of the C.dl, is, however, 
polymerised during the process, being converted 
partly into benzene C„II 6 , partly into black tarry 
hydrocarbons (Berthelot, 111. [2] 11,142). The 
vapours of many other organic compounds, as 
ethylene, alcohol, other, acetone, amyl afedhol, 
and benzene, likewise yield acetylene when 
induction sparks are passed through them (De 
Wilde, Bl. (2] 6 , 267).—3. By the incomplete 
combustion of hydrocarbons and other organio 
bodies—abundantly, for examplerin a»Bhnsen 
lamp, when the flame strikes dorni and bums 
within the ohimney—also in the incomplete 
oxidation of organic compounds at ordinary 
(temperatures, as in the voitaio circuit, e.g. in 
the electrolysis of a solution of potassium aconi- 
tate or succinate (Berthelot, Hi” [2] i 103), — 
4. By the ineomplete oombustion of mixtures of 
hydrogen and gaseous or vaporous oarbonywm- 





pounds not eon taming hydrogen, e.g. CO, C8& 
GN.—6. By passing a mixture of methane and 
carbon monoxide through a red-hot tube; 
CH, +C0»H,0 + 0 s Ho.— 6 . Together with H, 

' CH., and free oarbon, by passing the vapour of 
methyl chloride (Berthelot), or of ethylene 
chloride (De Wilde), or pentane from Ameri¬ 
can petroleum (Vohl, Bl. 4, 302), through a red- 
hot tube.—7. Together with benzene, by pass¬ 
ing styrene vapour through a red-hot tube : 
O g H 8 = C 2 H,-»-C d H rt (Berthelot, J. 1800, 544).— 
8 . By passing chloroform vapour over red-hot 
coppor : 2CHC1 ? + Cu ti -- SCmCl., -i- C.JL (Berthe¬ 
lot), or by treating chloroform with potassium- 
amalgam (Ivletzmshy, Z. i860, 127), or with 
sodium (Fittig, ibll.). — 0. From iodoform 
by the action of finely divided silver either 
alone or mixed with finely divided copper: 
2CHI 3 + 3Ag., = 0Agl + C..H... Also by the action 
of finely divided zinc or of the zinc-copper 
couple on iodoform in presence of water (P. Ca/e- 
ncuve, C. B. 97,1371; Bl. [2] 41,150). ~10. By 
passing a mixture of CO and HC1 over red-hot 
magnesium silicide (Bertlielot). — 11. By the 
action of alcoholic potash on bromothvlone: 
CjHjBr 4 KOH =KBr i ILO + CAL. (Sawilsch, C. 

B. 52, 157).-12. By the action of water on 
calcium carbide (produced by strongly heat¬ 
ing an alloy of Zn and Oa with charcoal): 
CaC* + H...0- CaO - C,T1, (Wohler, A. 121, 220). 
13. Formed, together with succinic acid, by 1 ho 
electrolysis of sodium funiarate or maloih': 
0 4 HJS[a.,O ( + H.O - C.JL, + 2CO, h Na.,0 + H. (Ke- 
kuld, J. 1804, 389). -14. By heating i;-thi- 
onic acid with potash: CJI i O.SO.,K+KOI! = 

C, Hj + K.SO, + 2H..O.~ 15. Formed in small quan¬ 
tity by heating cupric acetato (l pt.) with water , 
(200 pts.) in a closed Hash at 100° (Tommasi, : 
Bl [2J 38, 257). 

Preparation. —1. Air is burned in a cylinder j 
full of coal-gas, and a portion of the products : 
of combustion are sucked (by an uir-pumn) first j 
through a metallic condenser to cool them, and j 
tl^en through several bottles containing an am- ! 
rfioniacal solution of cuprous chloride. A red j 
pp n C 2 Cu..,aq, is formed ; this is collected, washed 1 
by decantation, and warmed with aijfieous HC1, j 
when it is decomposed with evolution of aoetv- j 
lenegat: C.Co^H.,0 + 2IIC1-C.dk, + 2 C 11 CI i ILO | 
(Jungfleisoh, C. B. 90,204; J. I'h. [5] 1, 307).— i 
2. Ethylene bromide is slowly dropped into a J 
strong alcoholic solution of potash at boiling heat, I 
and tiie evolved gas is passed through a s-cond 
similar boiling solution to remove bromHh vleue 
(Miasnikoff, A. 118, 330; Sawitsch, A. 119,181; 
Sabancjelf, A. 178, 111). To remove the last 
traces,, of bromethylone, Zeis cl (A. 191, 372) 
recommends passim* the gas over moderately 
heated soda-lime. The gas may also bo purified, 
as in the first method, by passing it through an 
ammoniacal solution of cuprous chloride. 

Properties.— Colourless gas, having a die- 
agreeable odour. According to Zcisel, when pre¬ 
pared from t^e copper compound as described 
above, it is contaminated with vinyl chloride. 
Acetylene is liquefied by a pressure of 83 atmo¬ 
spheres at 18°, forming a mobile, highly refrac- 1 
live liquid, ligMer than water. Liquid acetylene 
dissolves paraffins and many fats (Cailletet, O. B, 
85, 851). 

B&iUions.- — 1 . Lecompouod by the induction- 


spark with separation of eatbon, and par tly eon* 
verted into a liquid and a solid polyaoetylena, 
the latter insoluble in the ordinary solvents.— 
2. Slowly passe<L through a porfetyin tube heated 
to bright tedium it is almost wholly resolved 
into C and H, together with small quantities 
of ethylene and of tOT containing naphthalene. 
Acetylene is also resolved into 0 and H by ex¬ 
ploding a pereussion-cap in it (Berthelot, O . B. 
93, 613). Heated to dull redness in a bent glass 
tube standing over mercury it is gradually poly¬ 
merised, forming: a very volatile liquid probably 
C,1I„ benzene CJI,,, styrene 0 8 II H (135°-100 0 ), a 
liquid mixture (210°-250°) of naphthalene C 10 H, 
and probably naphtlialene hydride C, 0 H I0 , a 
mixture of strongly fluorescent oils distilling at 
250°-310°, retene distilling at 360° (Berthelot, 
C. R. 62, 905).—3. Mixed with excess of hy¬ 
drogen over mercury, and in contact with plati¬ 
num-black, acetylene is converted into ethane: 
C.H, + 211. - CJI,;; by alkaline reducing agents, 
into ethylene, C..H„ c.g. by the action of zinc and 
aqueous ammonia on its copper compound (Bor- 
thelot).—4. With oxidising agents. Converted by 
, KMnO., into oxalic acid, C..HJ),, with formic ana 
carbonic acids as secondary products (Berthelot, ♦ 
’ 6’./'. 74,35). - 5. Slowly absorbed by an ammonia* 
cal cupric solution, and for the most part oxidised, 
a carbonaceous substance being at the same time 
deposited, together with a small quantity of the 
compound C 2 CuJI..O (Berthelot, A. Ch. [4] 9, 
422).— 6. Passed with phosgene , COCL, through a 
red-hot tube, it is polymerised to benzene (Bcr- 
thc-lot, Bl. [2] 13, J)).—7. With chlorine , either 
pure or mixed with other gases, acetylene some¬ 
times detonates, yielding IICl and free carbon. 
Frequently, however, CILCL is formed with ex¬ 
plosion ; or this compound is formed at first, and 
then the mixture suddenly Explodes (Berthelot, 
Bl. [2] 5, 191).— 8. Acetylene passed into bro- 
mine under water forms C.Jl a Br, (v. Ultra- Bromo- 
iriiiA.NT,) and anon-volatile solid, a polymerideof 
C.JTBr,.— 9. Acetylene passed over iodine metis* 
toned with aleohol fat ms CJI.J 3 (Sabanejeff, A. 
178, 109, v. di-Iono-ETHYLK.vn).—10. Acetylene 
passed into a solution of ICi in IIC1 forms 
CJi.lCl (Plimpton, C. J. 41,392, v. Ciiloiio-iodo- 
i:rn vu;sk). -11. With nitrogen. When a series 
of si roil" induction-sparks is passed through a 
mixture of acetylene and nitrogen, hydrocyanic 
acid is formed, C..IL f N 2 = 2I1CN. Carbon and 
hydrogen are at the same time separated, but 
this may bo prevented by diluting the gaseous 
mixture with 10 vol. H (Berthelot, C. Ii. 77, 
1041).—12. Passed with vapour of hydrocyanic 
arid through a red-hot tube acetylene yields a 
small quantity of picoline C„H 7 N, and probably 
homologucs thereof (Kamsny, Ph. M. [6] 4, 241). 
13. Strongly heated with butyle i|t*and amylene 
it forms C..H{C 4 1I„) and C v ll(C ft H„) (Prunicr, A, 
Ch. [5], 17, 5).—14. Successive treatment with 
II,S0 4 and witter forms some stable sulphonio 
acid (Zeiscl, A. 191, 360). —15. Converted into 
aldehyde by an aqueous solution of mercuric bro¬ 
mide, even in the cold (KtfflSbherotf, B. 14, 1540): 

CH|OH + HjO - CH a :CH.OH ~ CH..CHO. 

16. SfeCl s absorbs acetylene forming O^HJSBCI. 
which; on heating, splits up into SbCl, ana 
C 2 H 2 01 3 .— t7 h Cone. HBrAq at 100° forma a little 
bromo-ethylane (vinyl bromide)—18- Conn. mi* 
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toxins eoifla fodo-etfcylone and ethylidene iodide. 
10. Massed through boiling sulphur, it forma 
Borne thiophene (V. Meyer, B. lo, 2176). 

Metallic IfeiuYATiVKS .—Sodium acety¬ 
lene C 2 HNa, re formed, with Solution 9f hydro¬ 
gen and small quantities of*ethylene and ethane, 
when sodium is gently hlhtod in acetylene. At 
a dull red heat disodium-acctylcne C,Na 2 is 
formed. — Potassium decomposes acetylene in 
like manner, but with greater violence; when 
melted in the gas it takes fire and is converted 
into C 2 K 2 , which is also formed when K is heated 
to dull redness on ethylcnc-gas. AM these com¬ 
pounds are decomposed by water with explosive 
violence and reproduction of acetylene (Bertlic- 
lot, A. 139,150). 

Calcium-acetylene ChCa is formed by 
strdngly heating an alloy of zinc and calcium 
with charcoal. Decomposed by water into 
Ca(OII)., and acetylene (Wohler, A. 121, 220). 

Copper-acetylene CXu.Jl.,0. It may bo 
looked upon as G.Cir.aq or as llCiC.Cu.Cu.Oll; 
in the latter case it may be called c/iproso-vinyl 
hydroxide. Berthelot (.4.138, 315) considers it 
to be cuproso-vinyl oxide (CJlCiiJ-X). It con¬ 
stitutes the red precipitate formed on passing 
acetylene or coal-gas into an annnouiaeal solu¬ 
tion of cuprous chloride. In the dry state it ex¬ 
plodes when,struck or when heated to 100 '-120°, 
leaving a velvety black powder containing copper 
and charcoal. Takes lire in contact with chlorine, 
bromine, or finely divided iodine. Its formation 
affords a very delicate test for acetylene, the pre¬ 
sence of 0*005 nig. of that compound being thus 
recognisable. The formula above given for it is 
due to Blochmann (A. 173, 174). According to 
Berthelot (Bl. [2j 5,191) when acetylene is passed 
into a cone, solution of cuprous chloride in KOI 
a yellow crystal lint pp. of cuproso-vinyl chloride 
C a HCu 2 Cl is formed, corresponding bromides and 
iodides being formed in a similar way. 

Silver acetylene C.Ag.JJ^O, is formed ' 
on passing acetylene into an ammoniacal solu- | 
tion of silver nitrate, as # a white or yellowish I 
precipitate which, when dry, explodes even more ( 
easily than the copper-compound. The above ; 
formula, due to Bloch mann, is that of argenlo- ; 
vinyl hydroxide, CHiC.Ag.Ag.OIf; Berthelot 
on the other hand regards the compound as lho . 
corresponding oxide (CLHAgJO. The formula! 
of Bloclmmnn and Berthelot require 83*7 and ; 
80*7 p.c. Ag respectively; MiasnikoiT (A. 11*, 
832) finds 88 p.e. Ag in the pp., a result Unit 
has been confirmed by Plimpton, and agrees with 
fheformula C^H/iAg.O. Acetylene completely 
pps. the silver"even from a neutral solution of 
AgN0 3 ; the pp. contains variable quantities of 
AgNO;, (Plimpton). The chloride ClUC.Ag.Ag.Cl, 
is prepared .passing acetylene into an ammo¬ 
niacal solution of silver chloride (Berthelot). By 
agitating silver acetylene with a solution of 
iodine in ether, till the colon* of the liquid 
disappears and then evaporating, yellow offen¬ 
sive-smelling crystals are formed, the vapour of 
which strongly attaijl* the eyes (Berend, A. 135, 
257); Baeyer {B. 18, 2275) has shown that they 
are di-iodo-acetylene: C a Ag 2 + 2I 2 = C 2 I 2 + 2AgI. ( 

•Gold and Mercury Compounds .—In o*i am- 
tnoniacal solution of aurous thiosulphcmi, ace¬ 
tylene forma a yellow highly explosive precipi- 
fate, in ftD alkaline solutioxf of potassio- 


merourio iodide a yellow pp.; 0 2 fIHgI,BLO t 
which explodes slightly when heated and yields 
acetylene when treated with acids (Bassett, C. N., 
19, 28). H. W. 

Theoretical considerations.— The explosive 
character of acetylene is undoubtedly connected 
with the fact tkat its fprmation from C and H is 
attended with disappearance of heat (Berthelot). 
It has been suggested by Baeyer (B. 18, 2277) 
that this disappearance of heat may be due to the 
production of a strained condition owing to the 
alteration in the direction of the attraction be¬ 
tween the two carbon atoms. 

To represent his views in a mechanical model, 
he supposes four steel wires fixed to a ball and 
radiating from it in the direction of the angles 
of an inscribed tetrahedron. Such a ball repre¬ 
sents a free atom of carbon; union of such 
atoms is represented by a wire of one ball being 
attached to, and in a straight line with, a wire 
of another ball. 1 / two sucli balls be taken and 
three of the wires from one hall be fastened to 
three of the wires from another ball and then 
bent in such a way that all six wires are parallel, 
then the arrangement is in a strained condition, 
for the wires will readily lly apart, representing 
the explosion of acetylene. The angle between 
two adjacent wires in one of the balls just de¬ 
scribed is 109° 28', which is very near the angle 
of a pentagon (108 J ); lienee if five balls be 
placed at tlio angles of a pentagon, very little 
i bending will be required to make a wire from 
| each ball in a straight lino with a wire from the 
next. The angles of a hexagon, of a square, and 
| of an equilateral triangle, differ by 10£ J , 19J 0 , 
and 19 \° respectively from 109.J 3 ; these numbers 
ought therefore to indicate the relative stability 
of rings containing 0, 4, and 3 carbon atoms. 
As a matter of fact, closed rings of carbon atoms 
usually contain five or six atoms, while rings 
containing three, four, or seven atoms are almost 
unknown. 

Haloid derivatives of acetylene v. Bromo-, 
Chloro-, and Iono-, acetylene, -ethylene, and 

-ETHANE. 

DIACEfYLENE HCiC.CiCH. Gas of pe¬ 
culiar smell resembling dipropargyl. Formed 
by heating diacetyleno-di-carboxylic a#id with 
ammoniacal Ca.CL solution. With ammoniacal 
Cu,.Cl, it gives a* violet-red pp., with ammoniacal 
AgN() 3 a \ cry explosive yellow pp. By the action 
of a solution of iodine upon the silver-compound 
di-iodo-di-acetylene is formed. (Baeyer, B. 18* 
2272.) 

ACETYLENE DI-BROMIDE v. Di-bbomo- 

ETHYLENE. 

| ACETYLENE TETRA-BR0MIDE v. Tbtwl* 

BROMO -ETHANE. * 

ACETYLENE DI-BROMIDE DI-CARB0XY. 
LIC ACID v. Di-bromo-fumahic acid. 

ACETYLENE BR0M0-I0DIDE v. Bbok> 

IODO-ETIIYI.ENE. • • . 

ACETYLENE CARBOXYLIC iCIDS 

CHlC.CO.jH. * 

Acetylene mono-carboxylic acid v. Paoriou# 

ACID. 

Ac*tylene-di-carboxyUo acid: 

0,11,0,. U. 00,H.CiCfCO,H 
Formed by treating di-bromo- or iso-di-bromo- 
succinio acid with alcoholic KOH (4 irt 





44 acetylene carboxylic 

100* (Bandrowskl, S. 10, 838). The yield is 7 5 
per oent. of the theoretical (Baeyer, B. 18, 677). 

&r ^ S fro “ water in Efflorescent crystals, 

^ZZ t&la fl'. wbiob the * loee H s SO 

^LT^i ® 78 ^! 1188 fcom other thiob four- 
tables. The hydrated acid is v. e. sol. 

rolnhfe ^K 01 ° r -j‘j 8r ’ b#t the acid i s loss 
soluble. The acid decomposes when molted. 

If rrnn — Na2 5?‘°« 3 a a 9-: slender needles.— 

7nrnii *“ a L 8r y stal8 . si. sol. water— 
nbfi^J^' r Fh ,9'°‘ af l-- CuO.O^aq.: blue 
2212 ) ’ * ’ 80 ’ C ° d " alet ( Bantll ' 0 "'ski, -B- 12, 

/(MCttons—l. The acid and its acid salts 
are converted, by healing with water, into pro- 
ptoho acid: COjH.CsC.COjH = CO.H.CiCH + CO.. 

en.vi , reduces it to succini'o 

aoid.—3. Bromine combines forming di-bromo- 

a h? d '— HBr - °r H 1 combine roaddy 
forming chloro-, bromo-, or iodo-, fumaric acids. 

r ether Me 2^"- (197°). Colourless 

liquid (Bandrowskl, B. 15, 2691). 

tetra-carboxylic acid, so called, v. 

ETHAlra TETBA.CAnBom.IC ACID. 

• di-carboxylic acid c.H 0 -in 

actie C n 02l f' C:C ' C:C ' COjH aq ' Pre P are d by the 
V .oonoentrated aqueous solution of 
potassio ferncyamde upon a cooled magma of 
0t sotiium piopiolate: 

Colourte^” “ l<?iC-C0 2 Na) 2 . 

w^TH.CK-f’ ~ 7” i 1*11. doth 

13 w „ 0 needles or tables, v. sol. water, alcouoi, 

.r ether, v. si. sol. benzene or benzoline. Turns 
brown at 100° and explodes very violently at 
o. 177°. Explodes also on percussion. Turned 
purple by light. Gives a brownish-red pp. with 
ammoniacal cuprous chloride. 

Beactions. —1. Sodium-ania Igam reduces it to 
hydro-muconic acid, 

C0 2 H.CH:CH.CH 2 .CH..C0 2 H, 


Aosmm hydbochzobide «. ohww. 

BTHYLENR 

ACETYLENE DI-HYDBOCHLOBIDB v. di- 

ClTLOR 0 - RTTIAJCE. | 

JtJSSSL „. 


and adipic acid, CO..n.CH 2 .CIf ,.CH..CII.,.CO..H ; 
some propionic is formed at the same time.— 
2. Zinc dust and HC1 also reduce it to adipic acid. 

Ether. —Et,A" (181°) at 200 mm. An oil. 
Seduced by zinc dust and HC1 to ethyl pro- 
piolate (Baeyer, B. 18, 678, 2269). 

Tetra-acetylene di-carboxylic acid 
C„H,0 ( i.e. COjH.CiC.C:C.C:C.C:C.CO.II. 

Preparation. —An aqueouB solution of the 
acid sodium salt of di-acetylene di-carboxylic acid 
is heated on the water-lmth. Sodium di-accty- 
lene mono-carboxylate, H.C:C.CiC.C0 2 Na, is then 
formed, with evolution of CO.; the cuprous com¬ 
pound of this salt, Cu.C:C.C:C.C0 2 Na (?), is then 
prepared and this is oxidised by potassic ferri- 
cyanide: 

2CuCiC.C;C.C0 t Na+0,—CuO+(CiC.C-C.CO.Na), 
(Baeyer, B. 18, 2271^ Tetra-acetylone di-car- 
boxylio aoid may be reduced to sebacic acid, 

CO,H.OH,.Cn,.CH,.CH 1 .C0 1 .CH 1 .OH..CH,OO.H, 
by sodium-amalgam. 

Iodo-acetylene carboxylic acid v. Iodo-pbo- 
iKia o vcg>. 

ACETYLElftE DI-CHLOBIDE v. Di •CIILORO- 
KTHTLENR. * 

ACETYLENE TETRA-CHLORIDE t>. Tjstra* 

CHLORO-ETHANE. 

ACETYLENE CHLORO-BROMIDE v. Chloro- 

BBOM O-BTHJ LENg; 

ACETTXENE CHL0B0-I0DIDE v. Chloro* 
iom-^htuuh. 


ACETYLENE-UBEA C.H.NA i.e. 
.h'H.CH.NH. 

\nh.ch.nh/ C0, ° hjcoU ‘ ril 

enn! 9 frrn lr '.i , F 1 ormea aa white needles when 
cone. HC1 is added to a solution of glyoxal (1 pt) 
and urea (2 pts.) and water (3 pts.). If the til. 
trato is evaporated, it deposits a yollow modifl- 
cation or impure form (Scliiff, A. 189, 157* 
Bottmger, B 11,1787). Also formed by heating 
a; mixture of tn-chloro-lactic acid, urea, and a 
li tie water at 100° (Pinner, B. 17,1997). Formed 
when allantoin is reduced with (1 p. c.) sodium- 
amalgam (Bemeck, A. 131,119; Widman, B.19, 

, Fro P c . rties —yj' 1'itc glistening prisms, sol. hot 
water. Gives awhitoflocculcnt pp.withHgMO.)... 
j pht up by boiling baryta water into urea and 
liydantoic acid-C,II l Ag 2 N,0„. 

ACETYL-ETHYL-PBOPIONIC ACID V. Ace. 
tyl-valebic acid. 

c nn Ci ^ YI ' & ' E ™ YL • Stfcqmc etheb 

,^®Sl®;.GkAc.CHEt.CO*Et (2C3°) 


S. G. T ,., r uo-1. From aceto-acctio ether (08 g.), 
alcohol (120 g.), sodium (12 g.) and a-bromo- 
butyrio ether (102 g.) (L. T. Thorne, C. J. 39, 
336 ; S. Young, C. J. 43, 172). 

Beactions.—1. Decomposed by potash (2 pts.) 
and water (1 pt.) into acetic and ethyl-succinio 
acid.—2. Decomposed by potash (1 pt.) and 
water (20 pts.) into salts of (JO. and 8-acetyl-a. 
ethyl-propionic acid (v. Acetyl-vat,kbic acid)— 
3. With NaOEt and Mclitgiveso-acetyl-a-methyl. 
8-cthyI-succiniccthcr(j.D.)—4. Theetbcr(3pts.) 
boiled with cone. HC1 (2 pts.) and water (4 pts.) 
for 2 days forms 8-acctyl-a-ethyl-propionic acid, 
which may bo extract® by ether, and a crystal¬ 
line acid, Kctolactonic acid (q. v.) which re¬ 
mains in the water. Ethyl-succinic acid is also 
formed.— 5. When healed, it partly splits up 
into alcohol and kctolactonic acid. 

a-ACETYL- a - ETHYL . SUCCINIC ETHEB 
C,.,n.. u 0 3 i.e. CO.,Et.CAcEt.OH..CO.,Et (264°). 
From sodium acctyl-succinic ether ana EtI 
(Huggenbcrg, A. 192,146). Cone, alcoholic KOH 
converts it into ethyl-succinio acid. 

DI-ACETYL-FUMABIC ETHEB C,„H„0, 
i.e. C0 2 Et.CAc:CAc.C0 2 Et [96°]. Formed* by 
the action of iodine (1 mol.) upon di-sodio-di- 
aectyl-succinic ether (1 mol.) suspended in ether! 

CO.Et.CNaAc.CNaAc.COjEt + L,- 
COEt.CAciCAc.COjEt +«N‘aI. 

Long silky needles (Just, B. 18, 2636). 

cACETYL-GLUTABIC ETHEB 0„H„O, i.e. 
C0 a Et.CHAc.Cd r CH 2 C0 2 Et (272°) S.G. {fj 
1*0505. From aceto-acetic ether, 8-iodo-propionio 
ether, benzene, and sodiuTMiWislispnus a. Lim- 
pach, A. 192,130). Cone, alcoholic KOH splits 
.it into acetic and glutaric acids. Boiling HOI 
'forms CO, and y-acetyl-butyrio aoid. » 

£-netyl-glutario acid OHAc(CH 2 .C0 2 H)_ 
(109°). Foamed by heating o-carboxy-3-acetyl- 
glutaric acid (from ohloto-acetyl-propionie ether 
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nd sodio-malonie ether) (Conrad a. Guthjeit. B. 
19, 44).—AgA'. 

Di-aoetyl-glutaric ether CLH-O. j.e. 

COjEtCBAo.CHAo.CHj.CO^Et or 
C0 2 Et.CHAo.OH 2 .CO.CaCH J COpt. 

(o. 245) at 140 mm. From oromo-acetyl-pso- 
pionicether,CH,.CO.CHBs.CH 2 .CO..Etandsodio- 
aoeto-aoetio ether (Knorr, B. 19, 47). Ammonia 
in HOAo oonverta it into cli-methyl-pyrryl-acetio 
earboxylio ether 

CMeiC.CHj.COjEt 

CMo:C.CO a Et 

ACETYL-GLYCOCOLL v. Aceturjc acid. 

ACETYLIDE v. Acetyl ciiloiude, Reaction 11. 

ACETYL IODIDE CJI.OI or Acl (10B°) 
(G.); (105°) (C.). S. G. u 1-98 (0.). Prepared 
by the action of P and I upon acetic anhydride 
(Guthrie, P. M. [4] (1857) 14, 183) or on KOAc 
(Cahours (1857) C. It. 44,1253). Also by heating 
aoetyl chloride with Cal„3|aq at 75°. 'i’iio water 
of crystallisation has little Baponifying effect 
(Spindler, A. 231, 272). 

Properties.— Liquid. Fumes in air; pungent 
smell j sour taste. Water quickly forms Ill and 
HOAc; alcohol forms KtOAc. Decomposed by 
zinc or sodium at 15°, and by mercury in sun¬ 
shine, forming Hgl (G.). II. IV. 

ACETYL-MALONIC ETHEB C„II ll O J i.e. 
CIIj.CO.CII(CO.JCt) 2 (239°-2l5°) S.G. at 1-080. 
From aceto-acetic ether, alcoholic NaOEt and 
CICOjEt. (Ehrlich, B. 7,892; Conrad, A. 211, 35). 
Aqueous NaOII decomposes it into acetone, CO.., 
alcohol, and acetic acid. 

ACETYL-METHYL-ACETO-ACETIC ETHEB 
v. Aceto-acetic acid. 

ACETYL-TETBA-METHYLENE v. Tr.Ti-.A- 

BETI1YLENE METHVL KETONE. 

iftETYL-TET&A-METHYLENE CABBOXY- 
LIC ACID, so called, v. Acetyl-Butyl Alcohol. 

ACETYL-TBI-METHYLENE (W-Mkthyl- 

ENE METHYL KETONE. 

a-ACETYL-a-METHYL-B-ETHYL - SUCCINIC 
ETHEB . 

C.jIL.Oj i.e. Cn s .CO.Cj";(CO..Et).CllEt.CO..Et. 
From a-acetyl-B-ethyl-succinic ether,NaOEt and 
Mel (S. Young, C. J. 13,178). Boiled with dilute 
HC1 it forms a y-oxy-octoio acid (j. v.) and 
methyl-ethyl-succinic acid. 

ACETYL-METHYL-TEI-METHYLENE CAB- 
BOXYLXC ACID v. projojlcuc-acdo-acdic acid 
under Aceto-acetic acid. 

o-ACETYL-a-METHYL-GLUTABIC ACID 
C 13 Ho ( ,O s r.c.CO.Et.OMeAo.CH„.CH-.CO„Et.{281°); 
K-ii- 1-043. From B-iodo-propiouic ether 
and sodium methyl-accto-acetic ether(Wislicemis 
a. Limpach, A. 192,133). With cone, alcoholic 
KOH it gives acetic ami a-mothyl-ghitaric acids. 

ACETYL-J4ETHYL-PYE0TAETAKIC ETHEB 
V. AcmyL-ni-AftTiivL-succiNic etheii. 

a-ACETYL-a-HETHYL-SUCCINIC ETHEB 
C,^,,0,1.4. CO.Et.CMeAc.CH^OJ'.t (e. 203°) 
S.G. 1-067. From sodium acetyl-succinic ether 
and Mel (Ifressner, A. 192,135). Decomposed 
by cone, alcqjiolio K4iil with formation of acetio 
and pyro-tartario acids. Baryta-water or 1101 
produco C0 2 and B-acetyl-butyric acid (j. «.). . 

• a-Acetyl-B-methyl-iuccinic ether * 

CG,Et.CMeH.CAoH.CO s Et (c. 258°) (C-); 2G3°) 

(Gottstein, A. 216, 31); (e. 227°)«at 165 mm. 
(Buchoff, A. 206, 320). S.G. j}., 1-001. Formed 


by aetion of a-bromo-propionio ether on sodium 
aceto-aoetio ether (Conrad, A. 188, 226). De¬ 
composed by oono.eKOH into aloohol, pyro- 
tartario acid, acetio aoid, CO„ and B-aoetyl-iso- 
butyrio aoid; barytS-water (8 p.o.), or HC1, 
produce only C0 2 and B-acetyl-iso-butyric acid. 

o-Acetyl-a-fl-di-methyl-enooinic Ether 
C 12 H w O s i.e. COjjEt.CifteAc.CHMe.COjEt (270°- 
272°) S.G. fy.j 1*057. Formed from a*acetyl-j8- 
methyl-succinic ether, sodium, and Mel (Hardt- 
muth, A. 102, 142). Boiling cone, alcoholic 
KOH converts it into acetio and a-/3-di-methyl- 
succinic acids. 

ACETYL OXIDE and Peroxide v. Acetio 

OXIDE. 

ACETYL-0XY-C0MP0UND3 v. Oxy-com- 

POUNDS. 

ACETYL-PHENYLENE-DIAMINE v. Pheny- 

LEN15-DI-AMINE. 

fl-ACETYL-a-PHENYLPROPIONIC ACID 

C n H,A i.e. CO,H-CHPh.CH Ac. Benzyls 
tone-y-carboxylic acid. [12G°J. Prepared by 
boiling the ethers of acetyl-phenyl-succinic acid 
with baryta-water or dilute IiCi. Plates. V. sol. 
alcohol or ether. On reduction with sodium- 
amalgam it gives the lactone of 7-oxy-a-phenyl- 
valeric acid, CH 2 .CH(0H).CH...CHPh.C0 2 H. 

Salts.— *A' 2 Zn: long white needles.—*AgA': 
white pp.— *CuA' 2 : green; in sol. water, sol. 
alcohol.— *CuA'„ and x BaA'., are easily soluble 
(Wcltnor, Ji. 17, 72). 

ACETYL-PHENYL-SUCCINIC ACID C 12 H 12 0. 

i.e. C0 2 H.CHPh.CIIAc.COJI. [121°J. Formed 
by saponification of the di-ethyl-ether, which is 
prepared by the action of phenyl-bromo-acetio 
ether on sodio-acet-acetic ether. Large plates. 
(Wcltnor, B. 17, 71.) When boiled with dilute 
hydrochloric acid or baryta water, it splits 
off C0 2 , giving acetyl-phenyl-propionio acid, 
C ? II a .Cn{CO.,H).ClI 2 .CO.CH,. 

—A"K, easily soluble glistening needles. 

( a)-Mono-ethyl-ethcr C u H, a O s i.e . 
CO.Ht.CIIPh.CIIAc.CO.il. [133°]. Formed to¬ 
gether with the di-ethyl ether by the action of 
phenyl-brom-acetic ether upon sodio-aceto-acetio 
ether. On heating, it evolves C0 2 , giving phenyl- 
levulic etl^r (Weltner, B. 18, 790). 

(fS)-Mano-cthyl-cthcr C h H)A 
CO.,H.CHPh.CHAc.CO.,Et. [128°]. White pearly 
plates; easily soluble in alcohol and ether. 
Formed by the action of sodium phenyl-bromo- 
acetate upon sodio-accto-acetic ether. By heat¬ 
ing to 200° CO., is not split off. Boiled with 
baryta, it yields phcnyl-levulic acid. It is re¬ 
duced by sodium amalgam to a-phenyl-Valero- 
7-laclono-/J-carboxylic acid: 

CHPh.CO. 0 
CH (COjIJJ.CH.CHj. 

With alcoholic Nil, it yields C|.,H,,N./) 2 . 

I’henyl-hydrazule C,.1L U N1), [149°], plates. 

Di-ethyl-elher A"Et.. f76°], plates. 

DI-ACETYL-PHOSFHOBIC ACH^ Q.H.PO, 
i.e. HjAcl’Oj. A viscid liquid^formed by the 
action of AcCl on Ag,l'0, (Cariua a. KSmmerer, 
A. 131,170). Boiling water decomposes it into 
acetio and ortho-phosphoric acids. It forms 
a calcium salt, CaHAOjPO,2aq, crystallising in 
needles. • 

ACETYL-F1PEB - FB0FYL - AL0EINE v. 
OxxrBonb-ranmaiB. 
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ACBm-PBOHOKXC ACIDS C s H, 0 ,. 

: a-Aoetyi-propionic Aoid CHj.CHAc.C'OjH, v. 
Uethyl-aceto-aceticacid adder Aoeto-ace™ low. 

jB-Aoetyl-propionio Acid 
CH 3 .CO.CHj.CHj.COjH. Lcmtlic acid. [S3-5 0 ]. 
(239°). S.G.B 1135. Ha 1-443 at 15°. It* 45-3. 

Formation. —1. By rboiling* acetyl-succinic 
ether with dilute HC1 (Conrad, B. 11, 2177). 
2. By boiling the following substances with very 
dilute HjSO, : Levulose, inulin, cane sugar 
(Orote a. Tollcna, A. 175,131), gum nvalu'c, or 
caragheen moss (Bc-nte, B. S), 1157). Filter 
paper and deal shavings give a small quantity. 
Small quantities may also be got from glucose, 
milk-sugar, and galactose, by boating with 
aqueous HC1. 

Preparation.— Cane-sugar (15(10 g.) is healed 
for 20 hours with water (1500g.) and II ..SO, 
(150g.), with occasional shaking. A large quan¬ 
tity of humic substance separates. The thick- 
liquid is filtered under pressure, mixed with 
CaCO, (150g.), and the whole evaporated (till it 
weighs 1500 g.). The liquid is again filtered, 
mixed with IF, SO, (50 g.) and shaken with ether. 
Affer evaporating the ether, the levnlie acid 
(100 g.) is rectified (Orote, Kelirer a. Tollens, A. 
200, 210). If glucose be used, the yield is not 
bo good , and it is then better to use JfCI (r. ; 
Conrad a. Guthzeit, ii. 18, Formic acid j 

is also formed in these reactions : 

C„H l ,0. = CX 1 H s O :i -i Cl 10, + IT.0. I 

Properties. —Deliquescent trimetrie plates. | 
V. sol. water, alcohol or ether. On distillation j 
it produces (a)- and (/?)-iinge!ico lactone, and also ; 
Hectic acid, and another acid possibly | 


an anhydride. SodimMituigam rednoe'e ii tox-y. 
di-oxy-»-pentane, OHs.CH(OH).GHj.CHyCH,OH 
(Perkin iun. a. Freer, B. 19, 2560). 
ACETYL-PYRO-PHOSPHOtllJACID. 

Tli "barium wait, BaHAcP 2 0,2aq, is got as a 
orystallino pp., si. sol; dilute acids, by adding 
aqueous hydrogen peroxido to a solution of 
barium acetyl-pyrophosphite (Menschutkin, A. 
136, 251). 

ACETYL - PYB0 - PHOSPHOROUS ACID, 

AcH.,P..O.,2aq, is got by heating AcCl with IIjl’O, 
at 50° (Menschutkin, A. 183, 317). Crystalline 
mass. 

Salts.— KFIAcr.,O i 21aq: slightly sol. water. 
BaTlAcl’jO,: insol. water.—PbliAoPjO,: insol, 
water. 

ACETYL-PYRO-TARTARIC ACID v. Acetyl- 

MiiTiivr.-suceiNic .vein. 

ACETYL-PYRROL v. Pvunon. 
Pseudo-acetyl-pyrrol v. Pxiuiyi, mktiiyi, 

KETONK. 

ACETYL-SUCCINIC ETHER C lll IT,, i O J i.e. 
C0.,Et.CHAc.CIL.C0 2 Et. (c. 255°); (210° i. V.) 
nt 330 mm. B.G.1-079; HISS; 5; 1-0,SO. 

I M.M. 10-343 (l’erkin, C. J. 45, 517). Formed 
by action of diloro-acetic ctlur upon sodium, 
ncoto-aoetic ether (Conrad, A. 1S8, 218). Oil. 
Sol. alcohol or ether, (lives no colour with 
Jo,Cl,,. Cone, alcoholic KOI1 split -1 it intoacotio 
and succinic acids; boiling baryta-water forms 
jSgffM vl-propiouic ether and CO... 

J.' he. ii \t l - h ijd razi de. (;,„il,,N..0 1 . [80°]. At 
150’ it splits olf KlOH and gives molliyl-oxy-qui. 
nizyl-acetie ether (Knorr a. Blank, B. 17, 2051), 
Di-accto-succinio Ethor C l2 lI ls O, i.e. 


[208°] (Wolff, A. 229, 200). Not attacked by 
bromine in the cold. 

Reactions.— 1. Chromic mixture, produces 
CO, and acetic acid.—2. Dilute IIN’U, gives 
succinic, oxalic, acetic, and hvdrufvanic acids 
(Tollens, B. 12,33-1; A. 2Wi, 257.).—3. Reduced, 
by P and HlAq nt 150 2e--j", or by sodium- 
amalgam in acid solution, to M-vateric nciiL — 
4. In alkaline solution hO'iiinn amolyam pro¬ 
duces y-oxy-valerie, acid Oj.v.}. 5. (lives the 
iodoform reaction with Nnf >11 and T.—6. Beads 
with hydroxyl a mine, form; eg an oxfln. 

Salts.— CnA'.,2aq : minute needles. ApA': 
six-sidbd tables.—NaA't minute needles.—CuA 1 , 
(at 150°): bluish-green flat needles or prisms. 
Barium, magnesium, and cadmium salts are 
gummy. 

Jithen. —MeA'. (191-5°). S.G. g 1 0684. /*„ 
1*4216 At 15°. It*, 62-2.- HI A'. (200-5-j (C. K.a.T.) 
(204°) (W.). S.G. g 1-033.-1. 1-421. It r 60-2. 

—PrA'. (215-5°). S.G. g 1-0103, y u 1-4240. 
Bo, 69-5. 

Amide.— C,H,0.d>’H,. [JOS’J. From ethyl 
levulate and alcoholic Nil, or from (a)-angelieo- 
lactone (q. v.) and aqueous or alcoholic ammo¬ 
nia. Six-sided tables (from alcohol-chloroform, 
Wolff, A. 229, 269). 

Rejtrcnc^.~}i(:(: also Bno.uo- and Cnr.ono- 
iOETYI.-PUOr^'KIC ACIUS. 

ACETYL-PROPYL ALCOHOL CJI ln 0 2 i.e. 
CHj.CO.CH 2 .CH 2 .CH 2 OH. Methyl y-ory-propyl 
ketone. A colourless liquid, soluble in watei| 
formed by boding bromo-etnyl-aecto-acetic ether 
BrCH 2 C8-L 2 .CHAe.CO.,Et with dilute HC1. It 
readily reduces aninroniacal AgNO,Aq but not 
Peiping's solution. It is converted by heat into 


I CO.Et.CllAe.Cii Ae.COJ-it. (79°). 

I Sodium acetaectic etlier is treated in ethereal 
solution with iodine (Iliiglioiiner, B. 7. 892): 

aCt),Kt.CIIXii.(.-(i.t;ll,+ t,=<lS>,Kt.UIIAe),+*N*iil. 
Tlie etliylie di-aecto-succinatn crystallises from 
j the ether (Harrow, C. J. 33, 427). It forms tri- 
metric tables, v, e. sol. alcohol, ether, or benzene. 
Reliction.—1. Boiled with dilute II 2 SO, 
(1 ; 111 ) it gives oil <jp, and forms pyro-tritario 
or uvic ether C,i 1 1: U : , ami earbo-pyro-tritario 
etlier CJ10.Et.~2. .Ily.tw.rijluniiiie forms a di- 
i oxini (needles; Miinelimcyer, B. 19, 1849), and 
a neutral etlier C. -H.-NO., ( Knorr, B. 13,1568).— 
3. Ammonia forms di-niethyl-pyrrol di-earboxy- 
lie etlier C l UMe.N(0(>. Kt) 2 or 

.CMeiC.COjEt 
Nil < I 

\CMc:C.COjF,t. 

i Primary bases act in a similar manner, thus 
mcthylainine forms . 

.CMe:C.CO..Et 
NMo < | 

\cMo:C.CO,,Et 

(Knorr, B. 18, 299), 4. l^nyl-hyelratine 

acts in a similar way; C 12 H, b O„ + N 2 li a C t H,- 
c„lI....N a O, + 211,0. The new compound, whioh 
T’li. CMctC. CO.E t 
may bo ! I 

NH .CMe:C.CO,,Et 

iscalled phenyl-di-metl-^ispyridfutine di-earboxy- 
lic other. It contains H,0 leas than the mono- 
plienyl-hydrazide of di-ncetyl-suc'cinio ether, 
CO kt.CI l(CMo:N„l > liH).CIIAe.C0 2 Et (Know, B. 
17, 3*058 ; 18, 300). It crystallises in^prisms, 
[127°] (frSm benzoline). See also Phenyl-uy 
HUAZINE, * 
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/ Aeam mPpiBB CMfiJB or Ao a S. 
Xti-aeetyl sulphide, Thus-aeelie anhydride (120°). 

Preparation.—!. From Ao,0 and PjS, (Ke- 
loli, A. 90, 812)f Field 10 p.o.—2. From AcCl 
Mid K,S.—8. By distilling Pbf^.o. • 

Properties.— An oil, slowly decomposed by 
water into HOAo and HS-fo. 

Dl-acetyl Di-sulphide C.HjOA or Ac.,H., [21°]. 

Formation.— 1. From KSAc and I (Kekul6 
a. Linnemann, A. 123, 279). - 2. From TSaO, and 
Ac,9 in ethereal solution (Beckmann, J. pr. 125, 
468) : SAOgS + BaO,=Ac-H. + Ba(OAe).,.-3. By 
electrolysis of tliio-acetio acid (Bunge, B. 3,297). 

Properties.— Crystalline, insol. water, v. sol. 
alcohol or CS. 2 . Decomposed by warm water or 
by alkalis forming tliio-acetio acid and sulphur. 
Decomposed by distillation. 

ACETYL SDLPHOCYANIDE C,II,NSO or 
CH s .CO.S.Cy. (133°). S.G. 1-151. From 
AcCl and lead sulphocyanido (Miquel, A.Ch. (»] 
11, 295). Pungent liquid. Decomposed by water 
into HOAo and HSCN. Forms with Nil, in 
ethereal solution a non-volatile liquid which dis¬ 
solves in water and gives a red colour with Fe.,Cl e . 

ACETYL-THIO-UEEA v. Tiiio-ubea. 

ACETYL-TOLYLENE-DI-AMINE V. Toi.v- 

LENE-DI-AMINE. 

ACETYL-tTEEA v. Dm; a. 

ACETYL-VALEEIC ACID C,H ls O :1 . 

n-Acetyl-n-valerio Acid v. n-propyl-aceto- 
acctic acid under Aceto-acetic acid. 

a-Acetyl-s-iso-valeric Acid v. iso-prnpyl-accto- 
acetic acid under Aceto-acetic acid. 

■ a-Acetyl-u-iso-valeric Acid v. methyl-ethyl- 
aceto-acetic aoid under Aceto-acetic acid. 

E-Ace tyl-w-iso-valeric Acid 

CH..Ac.CriKt.CO-H. 

(250°^252°). Got by boiling n-acetyl-C-et-hyl- 
succinic ether ( q . i2) with dilute KOI! ( Thorne, 
O.J. 39, 310). Liquid, miscible with water, al- j 
cohol, and ether. Turns brown in air. It is 
gradually decomposed by beat into H s O and an 
oil C,H,„0 2 (219°). S.G. Kj 1 0221. 

Reactim— HNO a oxid*es it to cthyl-suocimo 
aoid. 

Salts.— Gummy, soluble in water. 

Ether.—Eth' (221°-220°). Lighter than water. 

ACHILLEA.--The Iva plant (A. Moschata) 
has been chemically examined by v. l’lanla- 
Roiehenau (A. 155, 145), who lias extracted from i 
it the following substances : 1. Ivain C._, 4 H t ..O s , 
obtained by distilling the driod herb (freed from 
the roots) with water to remove volatile oil, ex¬ 
hausting tho dried residue with absolute alco- j 
hoi,•precipitating with lead acetate, removing 
excess of lead with H-S, and exhausting the 
evaporated residue with acetic acid to remove 
achillciu and moschatin. Ivain then remains 
as a dark y«ty>w resinous mass, insoluble, in 
water, easily soluble in alcohol, yielding an 
intensely bitter solution. — 2. Aoliillein 
0 M H n N20 ls and Moschatin CjffL.NO, are ob¬ 
tained by distilling the herb, gathered before 
flowering,with water, exhausting tho concentrated 
filtrate with absolute Wlsohol, evaporating off tho 
aloohol and lidding water, which throws down 
moschatin; and on treating tho liquid filtered, 
thefefrom with Pb(OII),, again filtering, remov¬ 
ing laa4 with H,S, and evaporating, Acmllein 
remains as a brown-red mass, vorj soluble in 
water, less readily in aloohol, insoluble in ether; 


very bitter j not precipitated by lead salts. Be- 
solved by prolonged boiling with dilute sulplmrio 
aoid into sugar and*achilletin OnHpNO,, a 
dark-brown powder, insoluble in water, very 
slightly soluble in alcohol; not bitter. Mos¬ 
chatin C„H.;.NO, is pulvorulent, nearly in- 
soluble in watjr, som^jyhat soluble in absolute 
alcohol; tastes bitter. 

A. Ageratum, growing in Italy and Provence, 
yields an essential oil boiling at 165°-182°; 
sp. gr, 0‘819 at 14° (Du Luca, J. Ph. [4] 18,106). 

H. W. 

ACHE00-DEXTE1N r. Dexttiin and Starch. 

ACIDIMETBY. Tho estimation of acids by 
volumetric methods. V. Analysis. 

ACID-FORMING OXIDES. Same as Ahht- 

DllIDKS ( q . V .). 

ACIDS_ Salts of hydrogen. The word acid 

1 (ac, sharp; accre, to be sour; compare accltm, 
vinegar, ofi 'n, 8£ns) was originally loosely applied 
to all sour liquids. The term cannot now be ac¬ 
curately defined ; but it may be stated generally 
that an acid is a compound of hydrogen, which, 
when mixed with, or dissolved in, water, is capable 
of exchanging the whole, or a portion, of tho hy¬ 
drogen it contains for a metal, with simultaneous' 
formation of water, by tile action on the aqueous 
solution of tho aoid of a metallic oxide or by- 
droxido. 

Histout. —Tile corrosive action of acids, and 
their power of dissolving metals and other sub¬ 
stances have boon known from early times. 
Thus Gober, who lived during the eighth cen¬ 
tury, was acquainted with impure nitric and 
sulphuric acids, and described them under the 
name aqtuc dissolution 1 . Paracelsus (16th cen¬ 
tury), from whom the school of Iutro-chemists 
sprang, held that the human body in health 
consisted of certain acid and alkaline principles 
which balanced each other, and that disease was 
duo to a preponderance of one or other of these 
principles. Ho was the first to propound a theory 
to account for tho properties common to all 
acids; lie supposed that they all contained an 
acid principle, which conferred taste and solu¬ 
bility on all substances into which it entered. 
This tlieoty was accepted by Beeher (17th cen¬ 
tury), who named the acid principle acidum 
primogen inm ; and he added that it consisted of 
a compound of earth and water, both of which 
he believed to be elements. The distinctive pro¬ 
perties of acidstheir solvent power, their 
power of changing tho colour of certain vege¬ 
table tinctures, and the fact that they form 
neutral bodies with alkalis; -were catalogued 
by Boyle (17th century). Stahl, in 1723, adopted 
Beclier’s theory, and endeavoured to prove that 
while acids were thobases of all saline bodies, the 
principle of all acids was sfllphuricacid. Btahl’g 
view continued to find supporters for a long 
time, but its defects were at length pcrceivod. 
Many of the supporters of the phlogistio theory 
held that inorganic acids, suduas sulphuric 
and phosphoric acids, were simple substances; 
and that by their combinations with phlogiston 
they gave rise to bodies suoh as sulphur and 
phosphorus, which were then regarded as com¬ 
pounds, but which we now know^o bo elements. 
After the discovery of oxygen by PrijStley and 
Soheole, Lavoisier, in naming that element from 
ijiis (aoid) and ysyrdti (I produce), genergjised 
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the toots discovered by him, that many aoid 
bodies are produced by the union of * combus¬ 
tibles’ with oxygen ; and although it was pointed 
out by Berthollet in 1789 that sulphydric and 
prussic acids contain no oxygen, the view of 
Lavoisier generally prevailed until the researches 
of Davy, and of Gay-Lussac and Thenard, on 
muriatic and oxymuri&tic acius (hydrochloric 
acid and chlorine) in 1810, and the discovery 
and examination of hydriodic acid, and tho in¬ 
vestigation of prussic acid by Gay-Lussac in 
1814 and 1815, compelled chemists to recogniso 
the existence of true acids containing no oxy¬ 
gen, and led to a distinction being drawn between 
acids which contained oxygen, and those which 
did not. 

Lavoisier also regarded acids as binary oxy- 
genatod compounds; and he supposed that tho 
water which must bo present in order that an 
acid shall react on other bodies merely played 
the part of a solvent. This view was supported 
and extended by Berzelius, who taught that 
certain oxides are capable of uniting with each 
other to form * ternary ’ compounds or salts, and 
that these salts are decomposed by electrolysis 
into their ‘ binary ’ constituents, which are an 
acid and a base. Berzelius therefore applied 
the terra electronegative to that oxide which ap¬ 
peared at tho positive electrode on electrolysis of 
a salt, and the term electropositive to that oxide 
which separated at the negative electrode. The 
negative oxides he classed as acids, and the 
positive oxides as bases. This theory ignored 
the fact that water is associated with these 
oxides in their various reactions; and, more¬ 
over, it overlooked tho evident analogy between 
acids containing oxygen and acids containing 
no oxygen, but formed by the union of the 
halogens, or haloid groups, with hydrogen. . To 
restore this analogy, Davy proposed to abandon 
the old view that acids woro compounds of 
certain elements with oxygen, and suggested 
that all acids, whether they contained oxygon or 
not, should be considered as compounds of 
hydrogen. Dulong supported Davy’s view, and 
extended it; he regarded acids as compounds of 
hydrogen with elements such as/)l, I, S; or 
with radicles such as CN, N0 3 , SO,. As it was 
at thug. time supposed that such radicles woro 
capable of separate existence, and as Dulong’s 
hypothesis involved tho creation of a largo num¬ 
ber of hypothetical substances, this hypothesis 
did not meet with general support. It was re¬ 
served for Gerhardfc, led by a study of organic 
substances, to prove that most acids, when 
vaporised, do not separate into an oxide and 
water, but pass into the state of vapour as a 
whole. From this it followed that hydrogen, 
’•cplaceable by metals, must be a constituent of 
all true acids. 

CHARACTERISTIC FEATURES OF ACIDS. —Bodies 
possessing properties corresponding with the 
definition of an acid given at the beginning of 
this article Always contain hydrogen in intimate 
combination with one or more of tho following 
elements; fluorine, chloiine, bromine, iodine, 
oxygen, Bulphur, selenion, tellurium, or certain 
groups of elements (c.g. cyanogen) of whiclr 
carbon is orfc (comp. Acids, Organic, p. 53). 
it is triA that water is not accounted an acid, 
nor if it usual to include hydrogen dioxide 


among the $oids; yet if t)be definition of aoid 
were sfcriotly applied hydrogen dioxide would 
find a plaoe in this class, for it has an aciiO 
reaction with test paper, and on addition, for ( 
exampte, of ba^um hydroxide to a solution of Q 
it in water, the reaction characteristic of acids 
takes place;— • 

Ba(0H),.8H,0 + H g O, - Ba0 2 .8H 3 0 + 2H 2 0. 
Again, the reactions of hydrogen sulphide, selen- 
ide, and telluride, with alkalis, would lead to 
their inclusion among acids. The name aoid 
must also be applied to most compounds of hy¬ 
drogen and one of the elements above mentioned 
with a third element. The following exampleg 
will illustrate the definition given 
Simple. Compound. 

HP. HBF 4 = HF.BF 3 . 

H Cl. H.,PtCl„ •= 2HCl.PtCl 4 . 

HGN. H;Fe(CN)„ = 4IICN.Fe(CN), 

(H,0.) H.S0 4 =H 2 0.S0 s . 

H a s. H;cs 3 =B: 2 s.cs a . 

&G. &0. 

Such bodies as H,Zn0 2 (Zn(OH) 2 ), and 
H 3 A10 3 (Al(OH) 3 ), may bo classed either among 
acids or basic hydroxides, inasmuch as thoy 
possess the characteristics of both classes. * 

Among tho compounds of carbon tho acids 
form an important class. The formula* of these 
compounds may bo supposed to be derived from 
tho formula either of formic acid, or of carbonic 
acid. If formic acid be taken as the type, then 
most acids containing carbon may be viewed as 
substituted formic acid; thus:— 

HCOOIi. CH ; ,COOH. C,.H,(C00H) 2 . 

Formic acid. Acetic acid. Succinic acid. 

C a H,(OH)(COOII) 3 . 

Citric acid. 

It is to be noticed tha + in two cases more 
than one moleculo of formic acid is employed; 
aud that succinic acid, by this view, is to bo 
regarded as two molecules of formio acid, in 
which two atoms of hydrogen arc replaced by the 
group G.H.4; while citric acid is derived from three 
molecules of formio acid by replacement of three 
atoms of hydrogen by the group C,H 4 (OH). The 
carboxylic acids may be similarly derived from 
carbonic acid (C0(01I) a ), if one hydroxyl group 
bo regarded as replaced by an alkyl or similar 
group. But it is clear that unless this view of 
the composition of carbon acids helps to render 
prominent the actual relations existing between 
these compounds, it can be of no value. Li this 
view of the constitution of carbon acid3 these 
compounds are all represented as containing the 
characteristic group 00.011; this group has been 
named ‘ carboxyl,’ a word derived from * car- 
| bonyl,’ CO, and ‘ hydroxyl,’ OH, and implying 
[ the presence of these two groups^ That most of 
I the acids of carbon contain thd group CO.OH is 
rendered probable by the following considera¬ 
tions : when gne of those acids is distilled with 
phosphorous chloride, PCI.,, the hydroxyl group 
is replaced by chlorine, thus; 

3CHj.CO.OJI + 2PCl s - I.CO.Cl + f P 2 0 3 + 3HC1. 
And on warming such a chloride with water the 
acid is re-formed; 

CH 3 .C0.C1 + H*0 * CHjCO.OH + HC1* 

It is|hus proved that oxygen and hydrogen can 
be removed together from the acid molecule. 
Moreover, on treatment of the aoid chloride with 
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nascent hydrogen, th% chlorine is replaced by 
Jiydrogen, and an aldehyde is produced, thus ; 
CHjCOOl +^H - CH s CHO + HC1. 

*^This aldehyde, ewhen treated mth phosphoric 
"hloride, PC1 8 , exchanges its oxygen for two 
atoms of chlorine, thus; . 

OHjCHO + PClj *» OHj.CnCU + POC1,. 

It is therefore inferred that the atom of oxygen 
replaced by chlorine in tho last reaction is 
differently related to the other atoms in tho 
molecule from that atom of oxygen which is 
replaceable by chlorine only when hydrogen ac¬ 
companies it. The formula of the characteristic 
group, CO.OH, thus appears reasonable. 

But there are many compounds of carbon ex¬ 
hibiting the property of exchanging hydrogen 
for a metal by the action of an oxide or hydroxide, 
which do not contain tlic carboxyl group. Among 
these compounds may be mentioned bodies such 
as ethano sulphonic acid, (LH..USO.,, and ethane 
phospbonic acid, C 2 H,,.H..P6.„ Ac.; many of these 
bodies may be regarded as acid ethereal salts of 
. inorganic acids. There arc, however, others which, 
in spite of their acid properties, it is not nsnal to 
name acids, although many of them might be 
legitimately included in this class. For instance 
the mercaptans, of which ethyl hydrosulphido 
■may be chosen as an example, react with oxides 
or hydroxides in a similar manner to sulphydric 
>cid, H 2 S, thus, C.H-.SH + KOH - CJi.SK + H,0: 
and the corresponding seloniou and tellurium 
compounds exhibit a like behaviour. Again, 
many of tho nitro-compounds of the alkyl 
radicles have the power of exchanging hydrogen 
for a metal, under the usual limitations, as for 
example: 

CH,NO,. + KOH - CILKNO,. + H.,0 
C(N0 2 ) 3 H yields C(I^0 2 ) a K', etc. llydroxyqui- 
nones, such as alizarin C,,H 8 0 2 (01I) 2 , act as 
dibasic acids, forming compounds such as 
C, 4 H 8 0 2 (0K) 2 ; phenols, and their substitution 
derivatives, also yield metallio derivatives, c.g. 
sodium phenato C„II 5 ONa, sodium picrato 
C 6 H 2 (NOJ 3 ONa. On comparing such compounds 
with each other, and with other acids, the fol¬ 
lowing deductions may be drawn: — (1-) That a 
powerfully electro-negative element such as 
fluorine, chlorine, bromine, or iodino, confers 
acid properties on its compound with hydrogen. 
(2.) That in compounds of elements exhibiting 
less markedly electronegative properties than the 
halogens, the preseiico of an electronegative ele¬ 
ment is necessary to tho development of acid 
character. This may bo seen from the follow¬ 
ing considerations. Hydrocarbons, such as me¬ 
thane, CII 4 , exhibit no acid properties; if an 
atom of an electronegative element such as 
oxygen or sulphur is introduced into the mole¬ 
cule in place of T)ftc or more atoms of hydrogen, 
the compound so formed, although not generally 
a true acid, yet exhibits a more or less acidic 
character. Thus, methylio nlcoliol, CII 3 01I, 
forms metallio derivatives (CH 3 ONa, Ac.) by the 
action on it of strongly oositive metals ; but as 
suoh compounds ore dec<?fnposcd by water, they 
cannot be formed in presence of that substance. 
Here, however, we may note that phenol, C„H 5 OH, 
and similar compounds^reacts with the hydro j.ides 
of strongly positive metals to forma metallio 
derivatives which, although comparatively un¬ 
stable, are nevertheless oapable of existence in 
Vojh I. 


presence of an excess of alkaline hydroxide. But 
if a derivative of a hydrocarbon contain two or 
more electronegative atoms or groups of atoms 
in the molecule, then, as a rule, this compound 
forms metallic derivatives of considerable sta¬ 
bility. Thus, the replacement of two atoms of 
hydrogen in the Snolecul# of an alcohol by an 
atom of oxygen (converting the group character¬ 
istic of primary alcohols, CH 2 OH, into the car¬ 
boxyl group, CO.OH) is attended by a marked 
inoreaso of acid properties. Similarly the ex¬ 
istence of oxygen combined with carbon in 
hydroxyquinones (as carbonyl, CO) confers on 
hydroxyl groups present tho power of exchanging 
their hydrogen for metals by reactions common 
to acids. And in presence of a largo amount of 
an electronegative element the exchangeable 
hydrogen need not even be present as hydroxyl; 
for as shown above, such bodies as nitrornethane, 
CH.,N0 2 ,form metallic derivatives,like CII 2 KN0 2 . 
Comp. Aceto-acf.tic acid, p. 17. Regarding the 
relations between tho naturo of different elements 
and tho acidic character of their compounds v. 
further Classification. 

Basicity of acids. —Some acids, on treatment 
with the oxide or hydroxide of an alkali metal, may 
exchange all their hydrogen for metal, thus pro¬ 
ducing a salt; and it may not be possible to obtain 
from them a body intermediate between the salt 
and the acid ; such an intermediate derivative is 
usually termed an acid salt. From other acids 
such intermediate derivatives are obtainable. 
Tho acids of tho former class are termed 1 mo¬ 
nobasic ’; those of tho latter class are tormed 
‘polybasic,’ including tho terms ‘di-* ‘tri-* 

‘ totra- ’ basic. Tho conception of the basicity 
of acids was introduced by Graham. Before his 
researches in 1833, it was supposed that an 
‘ acid salt ’ contained, as its name implies, both 
acid and salt, and on the binary theory it was 
considered to be a compound of tho two. But 
Graham showed that in neutral potassium phos¬ 
phate there aro, as he expressed it, three equiva¬ 
lents of potash for one equivalent of phosphoric 
acid, or in modern language, three atoms of 
potassium fo* one atomic group P0 4 ; and that 
tho acid phosphates differ from the neutral 
phosphate in containing water instead of potash, 
or as we should say, hydrogen in place of potas¬ 
sium. The composition of hydrated phosphoric 
acid being expressed by the symbol (old notation) 
PO v 3IIO, the composition of its different salt# 
might be expressed by the symbols : 

PO s .2IIO.KO; POj.HO.2KO; P0 V 3K0. 
Phosphoric acid was therefore termed by Gra¬ 
ham a ‘ tribasio acid.’ In 1838, Liebig pointed 
out the necessity of considering the following 
acids as polybasic, because the fact that they 
form acid as well as neutral salts;—cyanuric, 
malonic, comenic, citric, aconitie, aoonic, tartaric, 
malic, and fumaric. In consequence of this 
chango of view, Liebig argued that it jvaa 
better to give up the binary theciy of acids 
held by Berzelius, and to go hack 4o the older 
theory of Davy, viz. that acids are to be regarded 
as formed by the combination of hydrogen with 
« simple or a compound radicle, the nature of 
this radicle having no part, in def&rmining the 
number of stages in which the replacement of 
hydrogen by metal takes plaoe. Thus by ad* 
dition of oxygen or sulphur to sulphuretted 
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hydrogen (sulphydric aoid) the following dibasic 
aoids are obtainable:— # 

Sulphydric acid . • H a S 

Hypos ulphurous acid • H,SO t 

Sulphurous acid . . H.SO, 

Sulphuric acid. . ", H ,S0 4 

Thiosulphuric ficid . c • H..S..O, 

Dithionio acid . . . H..S 2 O a 

It was, however, known that many acids, 
having a claim to be considered monobasic, 
such as hydrofluoric, acetic, benzoic, and stearic, 
gave rise to double salts by addition of a mole¬ 
cule of acid to a molecule of salt. Laurent and 
Gerhardt pointed out that the relative densities, 
in the gaseous state, of many acids belonging to 
this class imply that a molecule of each acid 
contains only one atom of hydrogen; further, 
that an acid of this class forms only one alkyl 
(or ethereal) salt, and ono amide; that while 
polybasic acids generally yield anhydrides by 
some direct process, often by the action of heat 
alone, the anhydrides of monobasio acids are 
usually obtained indirectly, and that anhydro- 
Balts such as dichronmto of potassium, are ob¬ 
tainable only from polybasic acids. 

The number of atoms of hydrogen contained 
in a molecule of an acid is no criterion of its 
basicity; this fact was noticed b.y Gerhardt, but 
its bearings were more fully elucidated by Wurtz 
and by KckulA The basicity of an acid is de¬ 
termined, not by the number of atoms of hydro¬ 
gen which it contains, but by the number of 
stages in which the hydrogen can be replaced, or 
in other words, by the number of salts which it 
is capable of forming with a specified monovalent 
metal. Thus a study of the salts of the follow¬ 
ing acids has led to their classification as shown 
below. 

Monobasic.-HF, IIC1, HNO„ H(H.,PO.,), 

H(HCO,), HBF 4 , HAuC 1 4 . 
Dibasic.-~H,SO„ H (IIPO,), H..C 2 0 4 , 

ILPtCI,;, C.,H 4 (COOH) 3 , 
Tribasic.—H 3 P0 4 , TT,Fe(CN'),„ H 3 As0 4 , 

C a H, (OH) / C 0 0II ) 3 , C, IT., N T (GOOTI) 3 
Tetrabasic.— IT,P.,(> 7 , II t Fc(CNL, C ti H.,(COOII) 4 . 
Hcxabasic.—C^CbOH),-. « 

The number of salts of a monovalent metal 
whirfl an acid is capable of forming corresponds, 
as a rule, with its basicity. Thus tribasic ortho- 
phosphoric acid forms three salts with potassium, 
viz. ILKPO,, HICP0 4 , and K 3 P0 4 ; and similarly 
with other acids. 

This classification, as already stated, is 
founded on a study of the salts of acids con¬ 
taining monovalent metals, practically of the 
salts formed by the action of potash or soda on 
the acids. The researches of Thomsen on the 
quantities of he£t produced when acids and 
bases mutually react in equivalent quantities 
have confirmed the conclusions drawn from a 
study of the composition of salts. The principle 
of the«thei£nal method may be thus stated-If 
a dilute aqueous solution of a monobasic acid is 
mixed with an equivalent quantity of an alkali 
also in dilute aqueous solution, a definite quantity 
Of heat is produced; if more than one equivalent 
of acid is used for one equivalent of base, tne 
frame nuantfty of heat is produced. This is 
shown oy the examples which follow: 1 

1 figures represent gram-units of heat. 


Aoid. 

Ktunbor of equivalent* of acid to 
equivalent of base (NaOHAq) ^ 

HC&Br.HI 

0 9 
‘13,700 

13,700 

C 1 

6,850 1 

HF. . 

16,000 

16,300 

8,200 

HSH . 

7,700 

7,700 

3,900 

HNO . 

2,800 

2,800 

1,400 

HNO,. 

13,600 

13,700 

0,800 

IIPH.,0, . 

15,400 

16,200 

7,600 

HPO.,. 

14,200 

14,400 

— 

H.aiiA . 

13,200 

13,200 

8,000 


In most of these instances, the acid forms no 
acid salt; its hydrogen is replaceable in only one 
stage. But although acid salts of acetic acid 
(e.r/., C.,H 4 0 2 .C.H 3 NaO.,), and of hydrofluorio 
acid (IIF.KF), are known, the formation of these 
salts by the action of the neutral salt and the 
acid is accompanied by a very small thermal 
change. This fact forms a reason, in addition 
to those adduced by Gerhardt, for classing hy¬ 
drofluoric and acetic acids with the monobasio 
acids. 

The thermal value of the action of a base on 
a polybasic acid, unlike that of the action of % 
base on a monobasic acid, is dependent on the 
proportion between the number of equivalents of 
base and acid used. This is shown by the 
following examples: 


AcR 

Number of equivalents cf arid to one 
equivalent of base (NaOHAq). 

H«0, . 

2 l 1 i l 

11,200 14,000 ] 15.500 — 

7,800 


JLsu. . 

— -15,900 It,500 — 

7,300 

_ 

TI.JMiO.. 

11,1)00 M.HOOj 14.200 9,600 

— 

__ 

ii .,<:<>* . 

— ii 1.0iH)|l 0.100 ■ — 

— 

c _ 

h,i*o 4 . 

U,700.1(,SI)Uji:i.5IJllll,300 

— 

5,900 

lij’A . 

— jlMUO 14.300! — 

13,200 

9,100 


Again, a small thermal change is noticed whon 
solutions of a monobasic acid and of the potas¬ 
sium or sodium sa’t of this acid mutually react; 
but if a solution of a polybasic acid is allowed 
to react with a solution of a neutral salt of the 
same acid, a marked thermal change occurs. 
Tims the formation of KHS0 4 from K,S0 4 and 
H a NOjat2tt°is accompanied by the disappearance 
of about 8,000 gram-units of boat. 

Ortho-acids and Anhydro-acids. —The aoids 
containing oxygen have been most completely 
investigated, owing to the fact that most of 
them are stable at ordinary temperatures, and in 
presence of air and water. It is inferred, that in. 
these acids oxygen and hydroge n are in intimate 
union, forming a hydroxyl group; the chief 
reason for this view, viz., that when these acids 
are treated with phosplioro%?, or phosphoric* 
chloride they yield the chloride of the acid 
radicle, has already been stated. Thus sul¬ 
phuric acid,^SO it (OH) 3 , yields sulphuryl chloride, 
S0 2 C1 2 ; and phosphoric acid, POfOH) a , yields 
phosphoryl chloride, POCl s . Such groups as 
SO..,, sulphuryl, or phosphoryl, are termed 
acid radicles, and their compounds with hy¬ 
droxyl are acids. The term ortho-acid is em¬ 
ployed especially in the nomenclature of Carbon 
acicfe. 

An cfrtho-acid, strictlv speaking, is" one in 
which the element to which the hydrojyl* 
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united b not eoaMfted with any other oxygen. 
Snob compounds are in most cases unknown, 
but their existenoe is interred from that ot their 
metallic or ethAeal salts, e.y. Si(®Na),; C(®CH. ,: 
CHjCJOC.H,),, *c. 

Many ot the commonljwoccnrring acids may 
be regarded as derived from suoh ortho-acids by 
removal of water; thus looked at, these acids 
are partial anhydrides. Their formation is 

illustrated by the following examples: 

S(OH), SO(OH), SO s (OH), SO. 

Unknown. Unknown. 


SO s (OH)j 

Sulphuric 

arid. 


Sulphuric 

anhydride. 


I(OH), IO(OH)j IOj(OH), 10,(011) I 2 0, 

Unknown. Periodic Salts known. Stilts Periodic 
acid. knowu. anhydride 

(? known) 

P(OH) a PO(OH), PO.(OH) P.,0, 

Unknown. Orthophosphoric Metaphos- Phosphoric 
acid. phoriu acid. anhydride. 

Partial anhydrides are sometimes also formed 
by the condensation-products of two or moro 
molecules of an acid, with removal of water, 
thus: 

80(011), SO,(OH) 


S(OH) 4 

>° 

S(0H) 5 

Unknown. 


/ 


0 


)° 


so(oii)., sa(oii). 

Unknown. Pyrosulphuric acid. 
In most cases the composition of such acids is 
inferred from that of their salts ; tho very 
numerous natural silicates may be conveniently 
classified as salts of such condensed acids 
(v Silicates). 

Affinity (or avidity) of Acids.— By measur¬ 
ing the thermal changes which occur when one 
equivalent of an acid, in dilute aqueous solution, 
reacts *n ono equivalent of the neutral salt of 
another acid, also in diluto aqueous solution, it 
is possible to determine the proportion in which 
the base divides itself between the two acids. 
Measurements have been made by Thomsen, 
and he has named the proportion in which the 
base combines with eithef acid, the relative 
avidity of the acid. Thus when hydrochloric 
acid (36*4 parts) is added to potassium nitrate 
(101 parts), both in dilute aqueous solution, the 
thermal changes which occur point to an equal 
partition of tho base between the. two acids ; i.e, 
naif the potassium exists in tho solution as 
chloride, and half as nitrate. On mixing nitric 
acid (63 parts) with potassium chloride (74*4 
parts), tho heat-change points to the same equal 
partition of the base. Hence it is concluded 
that the relative avidity, or affinity, of hydro¬ 
chloric and nitric acids for potash is equal, and 
is expressed by the number 0-5. The relative 
avidity seems to be independent of the nature 
of the base witflJh certain limits ; it is also modi¬ 
fied only to a small extent by the concentration 
of the reacting liquids, or by small changes of 
temperature. This conclusion of *Thomsen has 
received thorough confirmation by the researches 
of Ostwald; and this is the moro valuable in¬ 
asmuch as Ostwald mdllsured the partition of 
acids between bases by a method depending on 


Add 

Aridity 

Add 

. HOI 

1 

. HON 

HBr 

M 

hsso 4 

3 

HI 

<►79 

j 

H* 

Aridity 

Acid 

very small 
HNO, 

0-49 
JL POj 
i 

0-48 

b,b,o 4 

3 

OCIj.COOH 

Avidity 

Acid 

Avidity 

1 • 

(COOH), 

0-24 

0-U 

C.IJ.O. 

0-05 

very small 
0,H«0. 
003 

0-38 


For more details v. Affinity, p. 67; Acids, 
Basicity of, p. 51. Regarding acids v. also 
Classification. An acid with a large avidity 
or affinity is frequently now spoken of as a 
strong acid , the term weak being applied to 
those acids the affinities of which are expressed 
by small numbers. 
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Laurent, A. Ch. [3] 24,163 ; Mdthodc de Chintie 
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45; Gorhardt, Clerh. (1856), 4. 641; Wurtz, A. Ch. 
[3] 55. 460; 56, 312; 61. 161; Kekul6, A. Ch. 
60, 127; Odiing, P. AT, 18. 368; Thomsen, 
Thermochnnische Untcrsuchungen , i.; P. 138. 
65, 208, 498; 139. 193; 140. 88, 530; Berthe- 
lot, C. 11. 75. 204, 435, 480, 538, 683; 87. 671. 

W. R. 

ACIDS, BASICITY OF.- It has been shown 
in the art. Acids (q . d.) that some acids react 
with the hydroxide (or oxide) of potassium or 
sodium to form only one salt, whereas other 
acids by a similar reaction produce more than a 
single salt. The former acids are called mono¬ 
basic, the latter poly basic. It was also shown 
in the art. Acids that the basicity of an acid 
may be determined by an examination of the 
heat of neutralisation of the acid. The thermal 
value of the reaction of a monobasio acid with 
a base, in dilute aqueous solutions, is indepen¬ 
dent of the ratio between the numbers of equi¬ 
valents of j^iid and base used, provided not less 
than one equivalent of base is mixed with a 
singlo equivalent of acid; but the thermal value 
of the reaction of a polybasio acid with # a base 
varies according as 1, 2, 3, Ac. equivalents of 
base react with ono equivalent of acid. If the 
thermal reactions which occur when acids and 
bases react in equivalent quantities, and in di¬ 
lute aqueous solutions, aro more closely exa¬ 
mined it is found that the dibasic and tribasic 
acids fall into certain classes. Thomsen haa 
especially examined this subjeot (Th. 1). The 
quantity of heat produced coring tne neutralisa¬ 
tion of a dibasic acid is sometimes divisible into 
two exactly equal parts, according as one or two 
formula-weights of soda are allowed to react 
with one formula-weight of the acid. In other 
cases the thermal value of eaoh *tag8 of the 
total operation is different. Thus consider the 
following data: 

[IPSLF*Aq, NuOHAq]aa 13,300 [H*SO*Aq, NaOHAq]« 


following table gives the relative infinities of 1 rtrwnii^ ’ 


[H'SO’Aq, NaOHAq]-15,850 


some aoids towards the base soda; the affinity I [H'-HO'Aq, 2NaOHAq]- (2 x 15,850)-3,750. J 
Of hydrochloric aoid being taken as unity:— I Eooh ot these three acidB represents a jasnp. 


at 
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Thomsen divide* the dibasie adds examined by 
him into three groups according as the thermal 
value of the aetion of the second formula-weight 
of soda iB (1) equal to, (2) greater than, or (3) 
smaller than, the value of the action of the first 
formula-weight. 

The data are preSsnted in the following 
table:— 

Group I. 

Beat produced In notion of 

NnOH Acid 

H.S1F. H.PtCI, 

1st formula-weight 13,300 13,600 

2nd „ „ 13,300 13,600 


1st 

2nd 


1st 

2nd 

1st 

2nd 


Grout IT. 

II.SO. IT.ScO. IT.n.TT.O. 

14,750 14,750 13,830 12,450 
16,650 15,650 14,150 12,850 
Group III. 

n.so, n,co, rr,n,o 4 

15,850 14,750 11,000 11,100 
13,100 12,250 0,150 8,900 
K.CrO, H.l’HO, €,11.(00,11), 
13,150 14,850 12,400 
11,550 13,600 11,750 


The tribasio acids examined by Thomsen 
may also be classified according ns the thermal 
value of the action of the second formula-weight 
of soda is greater or smaller than that of the 
first, and the valuo of the action of the third 
formula-weight is greater or smaller than that 
of the second. The data aro as follows:— 

Group I. 

Acid 

Heat produced In action IT,€,11,0. TT.O.IT.O, 

of NaOII (Aeonitic Aei<l) (Citric Acid) 

1st formula-weight 12,850 12,650 

2nd „ „ 12,950 12,800 

3rd „ „ 13,850 13,550 

Group II. 

Acid 

Heat produced In action of 

NaOII TT.AsO, H.PO. 

1st formula-weight 15,000 14,850 

2nd „ „ 12,000 12,250 

3rd „ „ 8,350 # 6,050 

Group I. of the tribasic acids* corresponds to 
Group II. of the dibasic, and Group II. of the 
tribasic, to Group III. of the dibasic, acids. 

Thomsen suggests that this classification of 
dibasic and tribasic acids may be summarised 
in the following typical formula!:— 

Dibasic Acids. 

Ownpl. } T t’I’lcal formula { TUI, f.,j. S1P..H,; 

jltlOH), e.tr. SO,(OH\; 

{ B(OII)n e.g. SO,'OH)n. 
Tkirasio Acids. 

&& { n <0U>, e.g. C.H.O.fOII),; 

Group II. } feuTa 1 { 

As regards dibasic acids; in the case of every 
acid examined by Thomsen, except two, the 
thermal value of the action of the first quantity 
of soda addld is different from that of the 
second,*equal, quantity of soda. The first of 
the typical formulas suggested by Thomsen for 
thf’lhree classes of dibasro acids is probably to 


Aoid of ) 
Group II. j 
Acid of I 
Group III. f 


be assigned to EJHOL add H.SiF, only. Why 
should the formula B(OH), rather titan B(OH)H 
be assigned to the aoids of. Group II. 1 The 
formula R(OH)H would indicate'the easy separa. 
tion of the aoids into anhydride (E) and water 
(OHH). But the arids placed in Group III. are, 
as a class, more easily separable into anhydride 
and water than those placed in Group II, If 
the differences between the thermal values of 
the first and seoond quantities of soda acting on 
the acids of Group III. are tabulated we have 
this rosult: II,SO, = 2,750; H,SeO, = 2,500 ; 
H..CO,=1,850; H,B,0, = 2,200; H,CrO,= 1,600; 
H..HIO, = 1,250; C„H,(CO,H), = 650. These differ¬ 
ences vary from 9*6 (H,SO,) to2-7 (C,H 4 (CO,H),) 
per cent, of the total heat of neutralisation. 
Wo have good evidence in support of the state¬ 
ment tliat succinic acid is a dihydroxyl com¬ 
pound ; therefore, although it occurs in Thom¬ 
sen's third group, wo must plnco it with those 
acids the typical formula of which is E(OH)„ i.e. 
with the acids of Group II. The other acids of 
Group III. arc fairly easily separablo into an¬ 
hydride and water. The formula CO,(OH)H 
for carbonic acid is to some extent confirmed by 
the fact that tiio higher homologues of this acih 
although dihydrio aro distinctly monobasic. If 
the differences between the thermal values of the 
first and second quantities of soda acting on the 
; acids of Group II. are tabulated we have this 
! result: H.,80,-1,900; HBcO, = 900 ; 11,0,0,» 
i 600; 101,0,0,=400. Thcso differences vary 
from 6 (HjSOj) to 1’5 (101,0,0,,) per cent, of 
the total heat of neutralisation. The differences 
in the case of acids of Group III. arc consider¬ 
ably larger than these. When tho difference 
between the thermal values under consideration 
is small, and, as a rule, tin) value of tlfti second 
quantity of soda is greater than that of the first, 
Thomsen regards the acid as, generally speaking, 
belonging to the typo K(Ofl),; when the differ¬ 
ence in question is largo and tho valuo of the 
second quantity of sspcla is, as a rule, smaller than 
that of tlie first, the acid is regarded as belong¬ 
ing to the type It(OH)U. 

These thermal investigations made by Thom¬ 
sen point to the performance of definite functions 
by tho different hydrogen atoms in tho chemi- 
cally reacting unit, or group of atoms, of many 
polybasic acids. Although the reacting unit of 
a tribasic acid contains three atoms of hydrogen 
all replaceable by metal under similar conditions, 
nevertheless the energy-change which accom¬ 
panies any one of theso replacements is often 
different from the energy-change which acoom- 
panics the other replacements; hence we seem 
justified in concluding that each of the replace¬ 
able atoms of hydrogen in thesj acids is related 
to tlie rest of the atoms, which*with tho specified 
atom make up the chemically reacting unit of 
the acid, in t a way different from that wherein 
tho other replaceable atoms of hydrogen are 
related to the rest of the atomio complex in 
question. _ 

In such acids as TljSO,, H,P0 4 , *c., it is 
necessary to exhibit the differences of funotion 
of the different replaceable atoms of hydrogen 
by formula: which represent some of these aoids 
as containing one OH group, others as contain¬ 
ing two OH-groups, and others three OH groups; 
but acids are known tho reactions of which 
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oblige us to sat that they contain more than one 
OH group, ana at the same time to assert that 
each of these groups plays a different part in 
the reactions erf the acid. Th|j 0 , glycolhc acid 
CHaOH.COOH is a monobasio acid; the neat of 
neutralisation of this acid is 

[CH*OH.COOHAq, NaOHAq] = 13,600 
(De Forcrand, C. R. 96, 682); but the addition 
of a second equivalent of soda to the neutral 
salt is attended with the production of a small 
quantity of heat 

[CH 2 OH.COONaAq, NaOHAq] = 4,200 
( ib. t Bl. [2] 40, 104). The disodium glycollata 
thus formed is, however, an easily decomposed 
compound. Another monobasic acid, glyoxylic, is 
known, having the composition CIIfOII) 2 .COOH; 
this acid forms a definite sodium Balt, an aqueous 
solution of which reacts with soda with tho 
roduction of nearly one-sixth the quantity of 
eat produced by the reaction of the first equiva¬ 
lent of soda on the acid. Tho data are theso 
(De Forcrand, C. R. 101,1495):— 

[CH (OH) z .CO OH A q, NaOHAq] « 13,230 ; 

[CH(OH) z .COONaAq, NaOHAq] « 2,000. 

Here we have a very distinct illustration of the 
•connections between thermal changes and the 
modification in the nature of tho reaction of a 
specified group of atoms produced by the rela¬ 
tions of that group to the other atoms, or group 
of atoms, in the chemically reacting unit of au 
acid (v. further Affinity ; especially pp. 74, 75). 

M. M. I\ M. 

ACIDS, ORGANIC. The empirical formula of 
acetic acid has been expanded into tho 

structural formula CH 3 CO.O.H by reason of 
the following considerations. Ono fourth of 
the hydrogen of acetio acid is displaceable by 
metals 4 hence we write C 2 H 3 0 2 .IL By the 
action of PC1 3 , acetic acid may be made to 
exchange the same quantity of hydrogen toge¬ 
ther with half its oxygen for chlorine, producing 
acetyl chloride, C 2 H 3 OCl: hence we write 
CaHjO.OH. In the electrolysis of potassium 
acetate, ethano and carbonlb acid are produced 
at the positive pole, potassium being formed at 
the negativo pole. This decomposition may be 
represented thus; C..H 3 O..K = K + C0 2 + CH 3 ; but 
methyl, CII 3 , is immediately polymerised, be¬ 
coming ethane, C 2 H 0 . This experiment shows 
that half of the carbon in acetic acid is inti¬ 
mately connected with oxygen, the other half 
being connected especially with hydrogen: hence 
we write, finally, CH ? .CO.O.H. 

Analogous reasoning applied to other organic 
acids, very frequently leads to a similar formula, 
e.g. in the case of succinic acid to the formula 
C 2 H 4 (CO.O.H) 2 . The acid character of these 
bodies is undoubtedly connected with the group 
CO.O.H or C0 2 Hj called carboxyl , and it is easy 
to generalise and say that all organic acids that 
are free from sulphur, phosphorus, arsenic or 
silicon, contain carboxyl. Kekfll6, therefore, 
considers that the basicity of an organic acid is 
determined solely by tho number of carboxyls 
it contains. Such a cdltclusion can, however, 
only be maintained, by defining an organic acid 
as a substance containing carboxyl. If this 
definition be accepted, it follows of course that 
all organio acids do contain carboxyl. But if 
we wish to let experiment guide ys, we must 
adopt tome other definition, such as that an 


W 

acid is a substance that contains hydrogen 
which can be displaced by metals with the 
formation of a metallic compound not decom¬ 
posable . by water. According to this defl- 
nition, phenol, pyrogallic acid, nitro-ethane, and 
even the propargyl derivatives and perhaps 
acetylene, are f*ids. Compounds like sugar- 
lime are not necessarily sails, for the calcium 
need not have displaced any hydrogen in the 
sugar, but may have added itself in some way. 

Sodic carbonate gives off C0 2 when mixed 
with solutions of strong acids; if we adopt 
effervescence with sodic carbonate as a test of 
acidity, wo shall consider the compounds just 
mentioned to be neutral bodies, but the nitro- 
phenols and barbituric acid will still be acids. 
In testing with sodic carbonate we assume that 
carbonic acid is the weakest of all acids ; this is 
a mere convention, the fact being that there is 
no definite line of demarcation between acids 
and neutral bodies, the two series shading off 
imperceptibly into one another. 

It will he noticed that tho acidity of phenol 
is greatly increased by the introduction of 
nitroxyl. In general, tho displaceable hydrogen 
in an acid must be directly and indirectly 
attached to strong chlorous (or electro-negative) 
elements or radicles, for it is tho balance of 
affinities between these elements or radicles 
and the metal that produces the stability of the 
salt. In carboxylic salts ono O directly, and 
CO indirectly, neutralise or balance the metal, 
say sodium, forming the stable group CO.O.Na. 

In sodium nitro-plienol, NO 2 .C 0 H v O.Na, the 
sodium is balanced by O directly and by NO, 
indirectly. In sodium nitrate, N0 2 .O.Na, the 
condition of tho molecule is similar (v. also 
Acisto-acrtic acid, p. 22). Too many oi too few 
chlorous groups weaken an acid, for the equili¬ 
brium of its salts is thereby destroyed. Thus 
aldehyde, CII 3 .CO.II is a neutral body, while 
hydric hypochlorite, Cl.O.H, is a weaker acid 
than C1.II. 

For purposes of classification, it is most con¬ 
venient to arrange acids according to their 
structural fgrmuhe. Compounds whose structu¬ 
ral formula} exhibit closed rings, each containing 
more than two atoms, are classed as aromatic , 
a term that is more particularly applied*to the 
derivatives of benzene; all other organio com¬ 
pounds belong to the fatty series. 

Carboxylic acids of each series may be ar¬ 
ranged according to their formula} and general 
characters as follows : 

A. Fatty Series. 

(a.) Monocarboxy lie acids: a. Mono-hydrics 
Series I, C n H 2n 0 2 or Acetio Series; Series II, 
CJIifc-aOn or Acrylio fcterics; Series III, 
c «H.. n _ 4 0 2 or Propiolio Series; Series IV, 
C„II 2 n_ 0 O 2 , e.g. tri-ethenyl-butyrio.— 0. Di-hy- 
dric: Series I, CJEL^O, or Lactic Series; 
Series II, C„H 2n _ 2 0 3 , e.g. Oxy-acrylic; Series III, 
CJL^Oj, e.g. oxypentinoic.— y. Tfci-lfydrio: 
C n H 2n 0 4 or Glyceric Series.— Ketonio: 
Series I, C n H 2n .. 2 0 3 , e.g. aceto-acetio acid; Series 
II* C„H 2n _ 4 0 3 , e.g. allyl-aceto-acetic acid; Series 
fill, C n H 2n _ a O s , e.g. di-allyl-aceto-acetic acid.— 
«. Di-ketonio; C B H 2n _ 4 0 4 ,e.gf.ace^I-aceto-aoetio 
acid. • 

(6.) Di-carboxylie acids: a. Di-hyt 
drio: Series I, 0,H„_ a 0 4 or Oxalio SOM* 



ACIDS, ORGARKI. 


0,p„.,0„ e.g. fomario acid; Series 
acetylene di-carboxylio 
’ , e.g. di-acetylene 
hydric: Senes I, 
A^a-jOa, malio series j Series II, C„H., n _,O s , 
e,g. oiy-it&conio acid.— y. Tetra-hydrio, 
0,H a _jO„e.j. tartaric acid.—S^Penta-hydrio, 
O.H*. r A. e.g. tri-oxy-Sdipio acid.—r. Hexa- 
hydrio, C n H. rt . 8 0„ e.g. saccharic acid.—f. 
Ketonic, C„H a _ 4 0 5 , e.g. acetyl-succinic acid.— 
*• Di-ketonio, C Q H,, i! _^O d , e.g. di-acetyl-suc- 
cinio acid. 

(c) Tricarboxylic acids: a. Tri-hydrio: 
Series I, C n H a _ ( O a , e.g. tricarbaliylic acid; 
Series II, C a Hj„. a O„ e.g. aeonitic acid.— fl. 
Tetra-hydric: C„H,„_,0., e.g. citric acid.— 
y. Penta-hydrio: C„H.,,. 4 O a , e.g. descxalic 
acid.—S. Kotonio: C„H 3 „. a O„ e.g. acotyl-tri- 
carballylic acid. 

(d) Tetra-carboxylic acids: a. Tetra-hydrio 
O.H...O,, e.g. ethane tetra-carboxylic acid. 

B. Aromatic Series. It is obvious that 
when rings ot atoms aro introduced into the 
structural formulio, the empirical formulas be¬ 
come very complicated. We shall therefore not 
attempt fully to classify the aromatic acids. 
The most important scries are as follows: 

(a.) Mono-carboxylic acids, a. Mono-hydrie: 
C'An-.pa. e.g. benzoic acid; C„H,, ri _ l(j O., e.g. 
cinnamic ^ acid; C u H. Jn _,.0 3 , e.g. phenyl-pro- 
piolio acid; C^H^.^O.,, e.g. naphthoic acid; 
C.H a .„0 3 , e.g. di-pheuio acid; C a H a ,., B 0 2 ,c.p. 


psrti of water), e.g. benzoic and terephthalie 
aojaa.—6. By oxidation with KMnO„ e.g. vanillio 
acid from coniferin, pyridine carboxylic aoids. 
from methyl-pyridines.— 7. frojp mtrilos by 
boihngfVitli KOPf, e.g. acetic and succinio aoids. 
Unstable nitriles must be first converted into 
amides by cold conff 1 HOI, and the amides may 
then be turned into aoids by boiling dilute HC1, 
e.g. pyruvic acid (Claiscn). The nitriles may be 
prepared from alkyl chlorides or potassio alkyl 
sulphates by distilling with KCy or digesting 
with HgCy 2 . No nitriles of the form XYC(ON), 
are known (Claus), henco derivatives of malonio 
acid cannot bo prepared in this way.—8. By the 
oxidation of primary alcohols; X.CH 2 .OH + 0 2 - 
X.CO.OII + H 2 0. Secondary and tertiary alco¬ 
hols can only produce acids with a less number 
of carbon atoms, e.g. CH..CH(OH).CH. + 50- 
CHjCOjH + C0 2 H 2 + II.O. 

Preparation. —The acids may be separated 
from insoluble neutral and alkaline substances 
by solution in aqueous potash ; they may then 
be liberated by H,S0 4 and purified by one of the 
following methods: 

(a.) If they are volatile, they arc distilled 
alone or with steam. 

(6.) By conversion into a lead, barium, or' 
silver salt and, if possible, purifying the salt by 
crystallisation. The lead salt is then decom¬ 
posed by H 2 S, the barium salt by the calculated 
quantity of H 2 SO„ and tlio silver salt either by 
H 2 S or by the calculated quantity of HC1. 

(c.) By acidifying and extracting with ether. 

A large number of acids are soluble in ether. 
ltcuctions. —1. Organic acids may be con- 
_ ., , . - - , verted into ethers in two principal ways: (a.) By 

rl A '-'A*.-A. e.g. protucateehuic distilling with an alcohol and dilute H 2 SO,. The 

acid, O^I 2 , a O„ e.g, oxy-coumurie acid.— 5. reaction may be supposed to take place in two 
letra-hydric, C u H 2n . a 0 5 , e.g. gallic acid.— ; stages; the preparation of'acetic ether Wy be 
«. Ketonic; e.g. oxy*acctophenono thus represented; 

oarboxyhc acid. EtOH . II..SO, = EtHSO. + H..0 

(b.) Ih-carboxylw acids ; a. Di-liydric: EtHSO, + HOAc = EtOAc + HB0 4 . 

®*“&-A' e.g. hydro - terephthalie acid; (b.) If an acid is non-volatiln, it is dissolved In 
Jja-w-iAt e.g. phthalicacid.—fi, tri-hydric: [ the alcohol and tlyi liquid is saturated with 
®*A«->A> e.g. oxy-phtlialic acid. | HOI. After some hours the solution is poured 

The more complicated aromatic acids may , into water and the ppd. ether distilled, if pos- 
classified in a similar wan It \vill be seen : sible, in vacuo ; the reactions may be thui 


phenyl-cinnamic acid ; C„H a _ M O a , e.g. anthra¬ 
cene carboxylic acid; C„TI., n . 2 ,0 2 , e.g. tri-phenvl- 
acetic acid.—j8. Hi-hydric; C a H 2 ,_ B 0.„ e.g. 
salicylic acid; C.H^.^O.,, e.g. coumaric acid.— 


be classified in a similar way. 
that they are all poorer in hydrogen than the 
corresponding fatty acids. 

Organic Acids in general.— Occurrence : In 
the vegetable kingdom, e.g. oxalic, malic, tartaric, 
benzoic, salicylic, cinnamic, veratric, gallic, 
and tannic acids. In animal juices and secre¬ 
tions, e.g. lactio, sarcolactio, urio, hippuric, 
glycochofio, and taurocholic acids. In decaying 


represented: 

EtOH i IICl - EtCl + H.,0 
EtCl * HOAc = IitOAc + IIC1. 

It is not necessary that I1C1 or H.BO, should be 
present in order that etherification may take 
place, for if equivalent quantities of on acid 
and an alcohol ho left in contact or heated 
together for a sufficiently long time, from 64 to 


organised matter, e.g. acetic, butyric, valeric, ■ 74 p.c. wili react upon each other, forming 


amido-propionio, amido-hexoic, and glutamic 
acids, 


an ether. The rate at which the reaction takes 
. . place is greatest for acids of the formula 

Formation. —1. By decomposing products ot I X.CII 2 .C0 2 H, slowor for so-called secondary 
I animal or Veoetahla kinmlnm hv hnilim, ; Well I'.l u .1 I — 4 I 
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the animal or vegetable kingdom by boiling acids, XYCH.CO.H, and slowest for tertiary 

with dilute acids, e.g. amido-acetic, aspartic 1 ...... ... 

and glutamic acids.—2. From fats and fatty 
oils by ltoili^g with alkalis, e.g. stearic, paimitio, 

and nloiA _Q IVnm 


I acids of the type XYZ.C.CO a II, where X, Y and Z 
! are alkyls (Menschutkin, v. Chemical Chamoe).—• 


and oleio ^jidt—3. From resins by potash 
fusion, e.g. p-Ay-benzoic and protocatcchuic 
aoids.—4. By boiling a variety of substances 
with dilute nitric acid (S.G. 1-2), e.g. oxalic and 
tartario acid^ from sugar and other carbo-t 
hydrate^.—Ik' 1 By oxidising aromatic hydro¬ 
carbons and other bodies with ohromic mixture 
of Kfitfi,, 8pts. of H,SO, and 8 to 6 


2. Chlorides of phosphorus convert acids or their 
salts into acid chlorides of the form X.CO.C1. 
These are usually sqjpble in ether, and are 
decomposed by water, more or less rapidly, into 
HC1 and the acid X.CO.OH. Oxy-acids ex¬ 
change not only their carboxylio hydroxyl for 
Cl, but also their other hydroxyls; but the 
chlorides %o produced are not reconverted by 
water into the original acid but only into chloro- 
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wJ4« ? thus lttotio jicid, CHj.CH^OH^COaH, 
is., converted by Pul 4 into lactyl ohloride,. 
p0j.CHCl.COCl, whence water reproduces cliloro- 
aropionic acid, CHf.CHGi.CO.pSt. The chlorides 
wt upon dry nilrates of the he#vy metaJi (Ag, 
Pb, Cu, Zn, and Hg) producing anhydrides, e.g. : 

2Ph.CO.Cl + Pb(*O s ) 2 = 

(Ph.C0) 2 0 + PbCl 2 + N.O, + 0 
(Lachowicz, B. 18,2990).—3. Amides are formed 
by the action of NIL, either upon the chlorides: 
X.COC1 + 2NH 3 =*X.CO.NHo-!• NH 4 C1, or ethers: 
X.CO.OEt - NH 3 =X.CO.NHo + HOEt. The am¬ 
ides are usually crystalline substances, and their 
melting-points form important means of recog¬ 
nising the various acids.—4. Acetyl chloride 
converts acids into anhydrides (v . Acetyl 
chloride).— 5. COCL, converts salts into anhy¬ 
drides.—6. By heating with GaO or Ba(), or 
sometimes by heating alone, C0 2 can be elimi¬ 
nated from the carboxyls.—7. Dry distillation of 
calcium or barium salts usually produces ketones 
(q. v).~ 8. Distillation of calcium salts with cal¬ 
cium formate usually produces aldehydes ( q . v.). 

Salts. —Salts are formed by neutralising the 
acids with metallic oxides or carbonates. They 
can he conveniently obtained by the addition of 
^tnetallic sulphates or solublo carbonates to a 
solution of the barium salt of the acid, or of ! 
soluble chlorides to the solution of the silver 
salt. Sodium, added to ethereal or alcoholic 
solutions of oxy-acids, displaces not only carbo¬ 
xylic but also liydroxylic hydrogen. The 
compounds so produced are, in many cases, 
partly decomposed by water, the sodium that has J 
displaced alcoholic hydroxyl being turned out 
again, e.g. Cli r CII (ONa).C(>.,Na + H.,0 = 

CII ;i .CH(6lI).CO‘Na + NaOII. 
The silver salt is usually the least soluble, and is 
frequency used in determining tho molecular 
weight of an acid; for when the basicity of an 
acid is known tho molecular weight can bo de¬ 
duced from the percentage of silver loft after 
strongly heating tho salt. Silver salts seldom 
contain water of crystallisation. 

Acetio Series Nomenclature. — 

The following names are employed in this dic¬ 
tionary, the numbers denoting the value of n: 
1. formic acid, 2. acetic acid, 3. propionic 
acid, 4. butyric acid, 5. valeric acid, 6. licxoio 
aoid = caproic acid, 7. lieptoic acid = «!nanthic 
acid, 8. octoic acid = caprilic acid, 9. ennoic 
acid^nonylic acid = pelargonic acid, It), decoic 
acid-capric acid, 11. hendccoic acid-undecylie 
acid, 12. dodecoic acid=slauric acid, 13. tridocoic 
acid, 14. totradecoic = myristic acid, 15. ponlade- 
coic acid, 16. palmitic acid = liexadceoic acid, 
17. heptadecoio acid, 18. stearic acid - octodeeoic, 
19. enendecoic acid = aracliio acid, 20. behenic 
aoid ■-= icosoic a^d. 

Formation.— besides the general methods 
described above, the following may be noticed: — 
1. The action of C0 2 upon sodiiyn alkyls, e.g. 
NaC 2 H.+ C0 2 = CJI 3 .C0 2 Na. This gives one 
method for preparing fatty acids from com¬ 
pounds containing a few^er number of atoms of 
carbon in the molecule; another method depends 
upon the saponification of alkyl cyanides (v. 
tuprcQ. —2. The action of strong KOH upon al-« 
kylated aceto-acetic ethers ( q . v.).~ 3. The dis¬ 
tillation of alkyl-malonio acids: XY0(CO.,H).,~ 
XYCH.COjH + CO„ where X ani Y may bo 


alkyls or hydrogen. Other di-basio acids are 
decomposed in a similar way when their solu¬ 
tions are mixed with urqjiium nitrate solution and 
exposed to sunlight.—5. By heating sodium alco*. 
holates with CO gas: NaOEt +C0 = EtC0 2 Na.— 

6. By reducing oxy-acids by heating with HI.— 

7. By reducing unsaturated acids by HI or so¬ 
dium-amalgam. • ** 

Reactions. —1. Dry distillation of salts of tho 
alkaline earths or alkalis produces ketones: e.g. 

Ca(O.CO.Me)., = CaC0 3 + C0Mc 3 . 

2. Distillation of a mixture of such salts of two 
acids produces mixed ketones: 

KO.CO.Mo -* KO.CO.Et - K.,00 3 + Me.CO.Et. 

If one of the salts bo a formate tho product is an 
aldehyde: 

KO.CO.Mo -i KO.CO.H - KXO, + Me.CO.H. 

3. Distillation of a salt of a fatty acid with an 
alkaline hydrato produces a hydrocarbon: 

KO.CO.Me 4 KO.H = K,C0 3 + Mell. 

4. Distillation of tho alkaline saltsw ith As 2 O f 
gives organicconipoundscontaining Arsenic (g.u.) 

5. Electrolysis gives saturated hydrocarbons : 

2C ll K., l+1 .CO s K ----- K, + 2CO. + C^H^,,. 

6. Chlorine and bromino aet by substitution, 
not by addition.—7. Distillation in a current of 
steam of the mixture of stearic, palmitic, and 
oleic acids got from fat slightly decomposes 
them, forming all acids of the series from formic 
to octoic (Cahours a. Dcmar<?ay, C. R. 90, 156). 

Synthesis .—The acids of the acetio series 
may bo built up in the following way:—fa) 
NaMo is converted into Na00 2 Me, or souio 
acetate, by C0 2 (Wanklyn).— (b) Sodic acetate is 
converted into ethyl alcohol in one of three ways: 
a. It is converted by POC1., into Ae.,0, and this is 
reduced by sodium-amalgam (Linnemann).— 
j8. Amnionic acetate is prepared, and is con* 

: verted by P„0 5 into acetonitrile: NH 4 C0 2 Me=* 
j 21LO -i-iNCMe; tlie nitrile is then reduced by Zn 
i and I r.S0 4 (Mendius) to an amine: NCMe + 20, =» 
ILNX'Il.Me, which is converted by nitrous 
acid into an alcohol: ILN.CHAIo + HN0 2 =» 

I lO.CILMc + N 2 + IDO. This last reaction is, 
however, accompanied by an intrn-molecular 
change in tho case of all the amines except 
cthylamine#and mcthylamine; as a result of 
this change n-propvlauiine gives rise to secon¬ 
dary as well as «-propyl alcohol.— y. Th$ sodio 
acetate is mixed with sodic formate and distilled; 
the ahlehyde thus got is reduced to alcohol by 
sodium-amalgnm (Lichen a. liossi), or the oxim 
of the aldehyde is reduced to an amine which is 
then treated with nitrous acid.— (c) Ethyl Alcohol 
so prepared can now bo turned into ethyl iodide, 
zinc ethidc, and sodium ethide, successively. 

A repetition of processes (a), (6) and (c) upon 
NaEt will produce sodic propionate, propyl 
alcohol, and sodic propide •uccessively, and 'so 
we can build up the scries of fatty acids. 

Instead of using the sodium alkyls, it is 
more convenient to use alkyl cyanides; the 
process is then: (a) convert methyl alco)iol*into 
methyl cyanide, and this, by saponification, into 
acetic acid; (6) convert acetic acM into ethyl 
alcohol by one of the three processes, a, /3, or y, 
just mentioned; (c) convert ethyl alcohol into 
* ethyl cyanide, and proceed as before to prepare 
propionic acid, propyl alcohol &c.* Tho acids of 
the acetic series may also be prepared Syntheti¬ 
cally with the aid of aceto-acetio ether (p. 22) or 
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t>f malonio ether (q. t>.). In this way any acid of 
the form CBXY.CO& where X and Y are alkyls, 
can be prepared. o 

The descent of the acetic series may be 
effected by distilling each acid with soda-lime, 
whereby a hydrocarbon containing one atom of 
carbon less is got; this hydrocarbon is con¬ 
verted by chlorine into An alkyfchloride, whence 
by successive treatment with AgOAc and KOH 
an alcohol may be formed. 

The descent may also be effected by convert¬ 
ing the acid into an amido, mixing this with 
bromine and pouring the mixture into a 10 per 
cent, solution of NaOH. An amine, a nitrile, 
and a derivative of urea aro then formed, the 
amine and the nitrile contain one atom of 
carbon less than the amide. The amine may 


identical melting-point tl^t acid may be Con 
aidered $uro, otherwise the process must be ro 
peated upon each fraction (Heintz, J. m . 66,1 ; 
A. 93,295). • * e 

Aclylio Serilb C n H 2n _ s 0 2 . Nomenclature.— 
n=»3, acrylic; 4, crotonio; 5, angelic; 6, hexen- 
oic; 7, heptenoid*,' 8, octenoic <= suberonic; 
9, ennenoic; 10, decenoic = campliolic; 11, hen- 
dcccnoic = undecylcnic; 12, dodeeenoic; 14, te- 
tradecenoic; 15, pentadcccnoic = cimicic; 16, 
hoxadecenoic-hypogreio; 18, oleic « octodecen- 
oic; 19, doeglic = enendccenoio; 22, erucio and 
brassic acids. 

Occurrence. -As compound ethers in fats and 
oils, c.n. oleic acid. 

Formation .—1. From and sometimes 

from a-, bromo- or iodo- derivatives of the acetio 


be turned into an alcohol by nitrous acid, and : series by boiling with alkalis or Ag.X): 


then oxidised to an acid ; while the nitrile gives 
the acid on mere saponification. The amides 
containing at least 8 carbon atoms yield large 
quantities of nitrile, while the lower amides 
produce chiefly amino (Hofmann, B. 17,1108). 
The descent through nitrile from ennoic to 
octoic acid may be thus represented : 

CJI l7 CONH 2 + 313r z + 8NuOH = 

C ; H, S CN + CNahr + Na .CO, + 611.0. 
C 7 H, 5 CN + KOH + H.,0 = C 7 H,,CO,K + NIL,. 

Melting Points .—While the boiling points of 
the acetic scries of acids gradually rise with 
each increment of CHo, the melting-points of 
those acids that contain an odd number of 
atoms of carbon appear to be lower than those 
of the acids that contain one atom of carbon 
less: 


caprilic 

[16’5°] 

pelargonic 

[12-5°] 

capric 

[30°] 

hendccoic 

i2S-. r )°] 

laurio 

[43°] 

tridccoic 

(10*5 J ] 

myristio 

[63-8°] 

pcntadecoic 

131 °) 

palmitic 

[62°] 

margaric 

i.vj-in 

stearic 

[09°] 

eneudecoic 

[59‘9°J 

arachic 

[75°] 

medullic (?) 

I72'5°] 


Isomerism among the fatty acids will t>e dis- 


CH.,T.Cn.,.CO..K + KOH = 

CH J:C ri.COJi -i- KI + H a O. 

2. From 0-oxy-acids, by distillation: 

Cil..OJ T.C lL.CO.il = H,0 + CH,:CH.CO a H. 

3. From certain £-oxy-ethers by PCI.,; 

3CMe.OH.CO.,Et + 2PCI, =» 
3CMo.,Cl.CO.,Et + F.,0 3 j- 3TIC1 
CMeXl.CO.Et - CH,:CMe.CO,Et + HC1 
(Franklaml a. I)uppa, C. J. [2] 3,133). Similarly 
; Me,.C(01I).CH,C0,Et gives McX’:CH.CO a Et.— 
i 4. From derivatives of acelo-acetic or malonio 
; ethers containing allyl, ethylene, <ic.—5. lly 
Perkin’s reaction, by heating aldehydes, C^H^O, 
; with sodic acetate and Aci) ( v . Aloehydks). 

Propci lies. —As in the acet ic series, the lower 
. members of the acrylic series arc volatile liquids 
I miscible with water. Solubility and specific 
I gravity diminish as molecular weight and boiling 
point increase. The higher members are non¬ 
volatile and insoluble in waiter. • 

Reactions.— !. The acids of this scries con¬ 
tain the group C:C and consequently combine 
directly witli bromine and chlorine, usually with 
IlEr or HI in cone, solution, and frequently with 


cussed under Classification ( v . also Isomerism). ^ lG combination is effected cither by 
- - . . . . act ion of sodium amalgam on a solution in water 


Separation of tiro volatile acids .—Divide the 
acid into two equal parts, neutralise one with 
potash, add the other and distil. ** The most 
volatile acid will pass over in preference to the 
other ;cand if it constitutes more than half the 
entire mixture, the distillate will consist solely 
of this acid. If, however, the less volatile acid 
be in excess, the residue will consist of its 
potassium salt in a pure state. The operation 
is repeated upon whichever portion is still a 
mixture. Acetic acid is an exception to the : hydro-sorbic acid, CH,.CIl:CH.CIl.»CH a .CO.tH, 
rule, for although it be the more volatile acid, ! changes into oxy-hoxo-lactone, 


or alcohol or by heating with cone. III.—2. 
Fusion with potash produces two acids, one of 
which is almost always acetic acid. The mole¬ 
cular formula is split up in the middle of the 
group C:C, c.g.: 

CIT,.CH:CH.CO..H + 2KOH =» 

CII 3 CO a K ♦ ILCH.COmK i II... 

3. Foiled dilute with H.,SO„ they often change 
into the lactone of saturated oxy-aeids: thus 


it will remain behind as acid potassium acetate 
(Liebig, A. 71, 355). If the distillation be 
performed in aquedhs solution in a current of 
steam, the acid of highest molecular weight 
goes over first (Hecht, A. 209, 319). 

Separation of fixed acids.—An alcoholic solu¬ 
tion ftf the r^jxture of acids is fractionally preci¬ 
pitated by a cone, aqueous solution of magnesium 
or barium acetate or by an alcoholic solution of 
lead acetate. In the series of pps. so got, the 
first contains the acid of highest molecular 
weight and thfclast the acid of lowest molecular 
Weight. Each Traction is decomposed by boiling 
dilute HCl and the melting-point taken. If a 
Mrigp of consecutive fractions contains acids of ! 


CU 3 .CH.,.CII.CH r CH.,.C0.0 

i_I 

4. Many of the higher members are poly¬ 
merised by niIrous acid. 

Series C n H., Nomenclature.—n = 3. Pro- 
piolic; 4, tetroMc; 5, pentinoic; 0, hexinoic = sorbiaj 
7, heptinoic- benzoleic ; 8, oetinoic = di-allyl* 
acetic; 9, hiuronolie = cnniuoic; 10, camphio* 
docinoic ; .11, }icnda*inoic = undecolic ; 14, 
inyristolic-letradecinoic ; 15, pontadccinoio } 
16, palmilolic-hexadecinoic ; 17, dammar- 
Agaric = hcptadccinoic ; 18, stearolic = octtfdeoi* 
noic; 22, bebenolic. 

Formation. - Fromdi-brominated (oi'di-chlor- 
inated) acid£ of the acetic series, or mono* 
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brominated acids ol She aorylio series by treat¬ 
ment with alcoholic EOH. 

' Reactions .—Combine with Br, or with Br„ 
also with HBr br 2HBr, and wi^i H 2 ancLsomo- 
times with H,. 

laotio Series CJLjfi,. Nomenclature.— -n=* 
2, Glycollio; 3, lactio and hydraerylic; 4, 
oxybntyrio ; 5, oxy-valerio; 6, oxy-hexoic Ac.-- 
oxy being prefixed to the names used in the 
acetic series. 

Formation.—1. By the general methods: 
thus (7) by saponification of oxy-nitriles, (8) by 
oxidation of glycols.—2. From bromo-, chloro- 
or iodo- derivatives of the acetic series by dis¬ 
placing the halogen by hydroxyl: (o) by boiling 
with much water, (6) by moist Ag a O, or (c) by 
KOHAq.—3. From amido-acids by nitrous acid. 
4. From aldehydes or ketones by addition of 
HCN followed by saponification of the resulting 
cyanhydrin by HC1: 

CH,.CHO + HCN = CH,.CII(OH).CN 
CHj.CII(OII).CN + HC1 + 211.0 = 
CHj.CH(0H).C0jH + NH.Cl. 

6 . By oxidation of acids containing matbcnyl: 

. (C1I,) ? CH.C0.H + 0 = (CH,) j C(0II).C0 2 H. 

6 . By action of zinc alkyls on oxalic ethers: 

CO,Et.CO^:t + 2ZnEt.= 
C0 2 Et.CEt.,.OZnEt l EtZnOEt, 
C0 2 Et.CEt...0ZnEt + 2H s O - 
COjEt.CEt.j.OlI + Zn(OH)j + C.II 8 . 

7. By reduction of ketonic ncids. 

Iteactions. -The action of i’Cl, and of Na, and 
the characters of tlio resulting compounds have 
been discussed above. The oxy-acids act as half 
alcohol and half acid. Thus they form two kinds of 
monoetlrylic ethers, oneof thoformIl"(On).C0 2 Et l 
the otl^r of the form It"(OEt).CO-H. The 
ethers It"(OIl).CO.E? possess all the characters 
of an ethyl salt of an acid. Thus they may bo 
prepared in the usual way from the acid, 
alcohol, and HC1; they may be saponified easily 
by alkalis; they are converted by ammonia 
into amidos K"(OH).CONB,; they are neutral 
to litmus. The ethers of tho form li"(OEt).CO.H 
can be prepared by saponifying the dicthylio 
ethers B"(OEt).CO a Et and these arc got from 
K"Cl.COjEt by action of NaOEt. Tho ethers 
Xt"(OEt).COjH cannot be saponified by alkalis; 
are only converted into ammonium salts, 
R"(OEt).C0 3 NH„ by ammonia ; and are acid 
to litmus. 

o-oxy-acids arc split up by boiling cone. HC1 
Into formic acid and aldehydes: 

CHj.CH(OH).CO.H -CIIj.CHO t llCO.U. 
j8-oxy-acids boiled with cone. HC1 give 11.0 and 
an acid of the acrylic series: 

CHjOH.CH 2 .CO 2 H = CHjiCH.CO.H + HjO. 
y-oxy-acids BpJft* up, when their solution is 
warmed, into water and lactones (q. v.). 
CH,.CH(OH).CH.,.CH...COJI « 
CH,.CH.CH,.CiI.C0.0 +11,0 
1_ 1 

On dry distillation, the qmxy-acida of tho form 
R'.CH(OH).C(XII produce lactides, or compound 

ethers of the form R'.CII<£ 0 C q> CIUV. The 

3 -ox/acids aro aonverted by dry distillation 
into unsaturated acids: • 

B'.CH(OH).CH a .CO,H - It'.CHiCH.CO.H + H*0, 
or into an aldehyde and an acid; 


•7 

OH 5 .OH(OH).OBR'.CO a H = 

CH..CHO^HCBB / .OO a He 

Ketonic aofdSt Carboxylic acids represented 
by formula in which carbonyl is united to two 
atoms of carbon. Tho preparation and pro¬ 
perties of the ketonic acids got by displacing one 
or two atoms of fcydrogan in aceto-acetic acid by 
hydrocarbon radicles aro described under Aceto- 
acetic acid. Homologues of aceto-acetic acid in 
which carbonyl and carboxyl are not both united 
to the same atom of carbon aro described 
as alkoyl-derivativcs of fatty acids; thus, 
CH 3 .CIL.CO.CH 2 .CH 2 .CO a II is described as Pro- 

M0NYL-PR0P10NIC ACID. 

Ketonic acids containing two carboxyls are 
described as derivatives of di basic acids, thus 
CH v CO.CH(CO.,H).CH,.CO.,H is described as 
acetyl-succinic acid. 

Ketonic acids of the form R'CO.COgH can be 
prepared from cyanides of tho form It'.CO.CN, 
and also, in thf aromatic series, by the action of 
HgPh, Ac., on CICO.COgEt. 

Di-basic acids, C„H L . n 

Formation. —1. By oxidation of the corre- 
sponding glycols.—2. By boiling the cyanides of 
alkylenes with potash. Alkylidone cyanides do 
not exist (Claus). - 3. By saponification of cyano- 
acids, C n IL a _,Cy(X.—4. By reduction of un¬ 
saturated di-basic acids.--5. By action of 
reduced silver upon iodo-acids ( c.g. formation of 
adipic from iodo-propionic acid).— 6 . By oxida¬ 
tion of fats, fatty acids, ketonic acids, unsatu¬ 
rated acids and many other bodies.—7. By 
reducing polyliydric di-carboxylic acids by HI, 
e.g. tartaric acid to succinic.— 8 . From aceto- 
aoeiio ethers by acting with NaOEt and the 
| ethyl salt of a chloro- or bromo-acid, and sapo¬ 
nifying the product with cone. KOH (v. Acetyl- 
succinic ether). —9. From sodio-malonic ether 
and alkyl iodides: 

CHNa.(CO.Et),. i m = CHR(CO. i Et) 2 +NaI. 

The product still contains hydrogen dis¬ 
placeable by sodium : CHlt(C0 a Et ) 2 + Na =» 
(.•NaU(00.Kt ) 2 +II whence alkyl iodides form 
di-alkylated malonio ether: 

CNaH(0€,.Et ) 2 + HI = Olt'B(COJEt), + Nal 
(u. Malonio acid). 

Properties. —Solid and not volatile* Fre¬ 
quently produce anhydrides when heated. 
Malonic acid and ita derivatives arc split up by 
beat into CO* and acids of the acetic series. In 
the oxalic series the acids containing an even 
number of carbon atoms in the molecule have 
higher melting-points, and lower solubility in 
water than the acids with an uneven number of 
carbon atoms (Bacycr, B. 10,1286; Henry, CM, 
99,1157; 100,60). 

For the characters of 4he homologues of 
benzoic and salicylic acids see Aromatic Series. 
See also amido-, bromo-, chloro-, iodo- and 
nitro-acids, and sulphonio acids. 

ACONIC ACID * • 

C,H,0, i.e. C0 2 n.CH,.C<^p>0 

M. w. 128. [163°-1C4 0 ]. S. 17-8 at 15°. Formed by 
boiling itadibromopyrotartaric acid with a cans- 
,tio alkali, C s H,Br.,0, = 2HBr + Cfifi, (h'ekuid, 
A. Sttppl. 1, 338), or with water (10’pts.) (Beer, A. 
210,92). In like manner from bromoitaeomc acid, 
CTIjBrO, (Swarta, J. 1873, 084). To prepare it, 
a solution of itadibtomopyrota* tario acid neuflW* 
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Ised with soda is heated to the boiling point, 
then gradually mixed with more aoda till it con¬ 
tains 3 mol. NaOH to 1 ifcol. of the acid. On 
evaporating the solution, sodium aconate crys¬ 
tallises out and aconic acid may bo obtained 
from it by decomposition with sulphuric acid 
and agitation with ether ^Meillyr^. 171,158). 

Separates from water in rhombic crystals; 
from other in elongated lamina* (M.). 

Evictions. —1. Decomposed slowly by boiling 
water, forming a brown syrup.—2. Does not 
combine with bromine.—3. Unites with HCland 
HBr forming chloro- ami bromo-ituconic acids 
(Swarts).—4. Deduced by Sn or Zu to itaeonic 
acid.—5. Boiling baryta produces formic, suc¬ 
cinic and oxy-itaconic acids: 

C 5 H 4 0 4 + 2TI.0 = CH.,0.. + C,TT u 0 4 and 
C 5 II 4 6 4 + H 2 0*==C U.,0.. 

Salts. —BaA' 2 : v. sol. water, ppd.by alcohol; 
crystallises from hot alcohol in shining prisms; 
gives off 21 aq. at 150°.—CuA'.Jaq : blue prisms. 
—AgA': sparingly soluble lamime. NaA'3aq: 
efllorescent tricliuic crystals: a:b : c = 
•538 : 1 : -G90; a -103°G\ A-10P 27', 7 = 
84° 49'. Got by boiling ita-di-bromo-pyrotnrtaric 
acid with the calculated quantity of aqueous 
Na 2 C0 3 . It is decomposed by long boiling with 
water (B.).—ZnA'.Baq : large shining crystals, 
melting below 100 ° in their water of crystallisa¬ 
tion. 

Methyl Ether. Me A' [ 8 ">°J. From AgA' and 
Mel. Long thin prisms, v. sol. ether, in. sol. 
alcohol, si. sol. water. II. \V. 

ACONITANILIC ACID v. Aniline. 

ACONITE ALKALOIDS. — 1 . Aconitine. 
C 3 ;|H| 3 N0,.,.[18y o cor.]. S. *13 ;S (benzene or chlo- 1 
poforni) 18; S. (ether) 1*50 ; S. (alcohol) 2-7 ; S. 
(petroleum) -030 (Jiirgens, Ar. l J h. [3] 24, 127). I 

Occurrence.— Iu the root of monk’s-hood, ! 
Aconitum NaprUus (Geiger a. Hesse, A. 7, 2YG; 
Planta, A. 71, 257). 

Preparation. —The ground root is exhausted 
with alcohol containing tartaric acid ; the con- j 
centrated extract, after exposure to the air in I 
shallow dishes to remove the last traces of alco- ‘ 
hoi, is mixed with water; the aqueous solution 1 
is filtered to separate resin, the last portions i 
of whiUh are removed by agitation with light j 
petroleum, and then precipitated with potassium 1 
carbonate ; the precipitate, consisting chiefly of 
aconitine, is dissolved in ether, which leaves j 
behind a small quantity of humous substance; 
the solution is mixed with aqueous tartaric acid 
and precipitated with sodium carbonate; tlie 
precipitate is dissolved in ether; and the etheric 
solution left to evaporate. The residue consists 
of nearly pure aeorutine, which may bo further 
purified by converting it into liydrobroinide, 
decomposing this salt, after recrystallisation, 
with sodium carbonate, and finally recrystallising 
the nrecipitate from ether (l)uqucsnel, C. R. 73 , 
207; Wft’iglfc, C. J. 31,150). 

Properties.— Crystallises in rhombic or hexa¬ 
gonal plates. Soluble in alcohol, ether, benzene, 
very soluble in chloroform, insoluble in light 
petroleum. Extremely poisonous; the minutest 
particles, inhfclcd or blown into the eye produce 
excessiwo irritation (W., C. J. 31, 154; Wright 
a. Luff, O. J‘ 33, 325). Licvogyrate (D.). 

^Reactions. —Slightly alkaline ; forma well- 


crystallised salts, Devolved by heating with 
alcoholio KOH into benzoio acid and aconine: 

O m H 3 N0 13 + H*0 ~ 0 7 H„0 2 ^O w H s$ NO m ;- 
partly also in thejiame manner by dilute mineral 
acids, ffht another portion is at the same time 
resolved into water imd apoaconitine. Acetio 
and benzoio anhydrides convert it into acetyl 
and benzoyl-apoaconitine (W. a. L.). The 
hydrobromide forms crystals containing 
C 33 II 43 N0 l 2 ,HBr,25H 2 0 ; the hydrochloride 
C 33 II 43 NO l2 ,UCd,3H 2 d, forms with auric chloride 
the salt C :iS H l:l N0 1 ...,HCl,Au CL,, which separates 
in pale yellow amorphous flakes very slightly 
soluble in water (W.). 

Apoa con i t in c C 33 H „NO,, .[180°].—Formed, 
together with benzoic acid and aconine, by pro¬ 
longed boiling of aconitine with sulphuric acid 
(5 p.e.) or with a saturated solution of tartaric 
I acid. Tho benzoio acid which separates is dis¬ 
solved out by ether and the apoaconitine is pre- 
| cipitated by sodium carbonate, whilo the acouine 
remains dissolved. Crystals soluble in ether. 
As poisonous as aconitine. The hydrobromide 
j C ;i3 H ll NO M ,flBr.2Ui.O is crystalline (W. a. L.). 

Acctyl-apoaconitine C 33 II, 0 AcNO,,.[181°]. 
Soluble in other, separates therefrom in small« 
crystals. Dissolves easily in acids, forming amor¬ 
phous salts (W. a. L.). Bemuylapoaconitine 
C, (1 H,,NO i2 =C 33 H I0 BzO,„ obtained by heating 
aconitine or aconine with Bz 2 0, is indistinctly 
crystalline, softens at about 130°, forms amor¬ 
phous salts. Nitrate nearly insoluble (W. a. L.). 

Aconine G^II^NO,, [130°]. Formed, to¬ 
gether with benzoic acid, by the action of aqueous 
alkalis, or more completely by that of alcoholic 
NaOH, on aconitine ( v. sup.). V. sol. water, 
alcohol, alkalis and chloroform, insol. ether. 
Amorphous. Deduces gold and silver ^alts at 
ord. temp., Fchling’s solution when heated. 

Salts. — 3C 2(i H TO NO, „2 IICl and B' 7 ILS0 4 
are amorphous and probably only mixtures. 
B'HC1 AuC 1 3 is a yellow llocculent pp. BTlIHgl, 
is a white flocculcnt pp. (W. a. L.). 

Apoaconine, C 2u H.ftNO, 0 is formed by heating 
the hydrochloride of aconine at 140°. 
C 2(j n., ; NO 10 TTCl is amorphous, soluble in water, 
precipitated by alkalis. 

2. Picroaconitine C ;<1 H,-N 10 .—Found by 
T. B. Groves in a commercial aconite root, sup¬ 
posed to bo that of A. Naprllus. Amorphous 
varnish, having a bitter taste, but not producing 
any prickly sensation on the tongue. Not 
poisonous. Does not melt at 100°. Salta 
crystallise well. The hydrochloride contains 
C 3 ,H 45 N0 10 IIC1,3FI 2 0. The gold salt BTIClAuCl,, 
is a canary-yellow amorphous precipitate very 
slightly soluble in water (W.). 

Picroaconinc C 2i n„NO u . Formed, to¬ 
gether with benzoic acid, by action of alco¬ 
holic KOH on picroaconitine. Closely resembles * 
aconine. Forms C 2 ,H„NO u HIHgI 2 (W. ft. L.). 

3. Pseudflconitiue C 3(i II,,,N 0 12 [104°-105°]. 
The chief basic constituent of the root of Aconi¬ 
tum ferox , from which it is obtained by exhaust¬ 
ing with alcohol andTEulphuric acid (0*06 p.o. 
of the weight of the alcohol), or with methylated 
spirit (G40 c.c.) containing a little HCLAq(l 0 . 0 .), 
leaving the alcohol to evaporate, precipitating 
the remaining solution with atnmonia, dissolv¬ 
ing the precipitate in ether, and evaporating, 
The crystals which separate are purified by 
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recxystalliflafcion iron* a mixture of ether and 
light petroleum, or by means of the nitrate. 
m Properties.— Mpre soluble in alcohol and ether 

•than aconitine; crystallises in transparent 
" needles and sandy crystals; remtins syruft? after 
rapid evaporation. Tho ah^dried base contains 
1 • mol. H 2 0, given off at 8(r in a stream of air, 
more quiokly at 100°; decomposes, with separa¬ 
tion of water at 130°-140°. Decomposed by 
alcoholic Boda at 100° into pseudaconine and 
veratric acid: 

a fl H w N0 12 4 H,0 - C 27 H 41 NO fl + C 9 H 10 0 4 
at 140° into veratric acid and apopseudaeonine, 
C 27 H 3B NO„. 13y mineral acids it is resolved into 
water and apopseudaconitine; with acetic acid 
it forms acetylapopseudaconitine. Salts mostly 
amorphous; nitrate CgrtH^NO^NOJISILO, 
crystalline. B'HClAuCl., crystallises from alcohol 
in small needles, slightiy soluble in cold alcohol. 
B'HIHgL is an amorphous flocoulent pp. (W. a. L.) 

Apopseudaconitine C 3u H 47 NO„ [103°]. 
Formed, together with pseudaconine and veratric 
acid, by heating pseudaconitino with dilute 
mineral acids, or with veratrio acid alone when 
psoudaconitine is heated at 100° with a saturated 
aqueous solution of tartaric acid. Crystallises 1 
from ether in the samo forms as pseudaconitino. i 
The nitrate is crystalline. The aurochloride 
CjuI-I^NOnHClAiiClg crystallises from alcohol in I 
Binall needles (Wright a. Luff). 

Acctyl-apopmulaconitine C ;)) .TT )h AcNO,,aq. ! 
Formed by heating pseudaconitino at 100° with j 
acetic anhydride or glacial acetic acid, and | 
separated by agitation with ether. Crystalline, j 
Nitrate and aurochloride crystalline. Be it soy l- i 
apopseudaconitine C Xll H l0 13zNO,,aq. Indistinctly 
crystalline. Nitrate and aurochloride crystallise, 
the latter from alcohol in anhydrous rosettes 
(W. a. K). 

Pseudaconine. C 2; H u NO„ [100°]. 
Formed, together with veratric acid, by heating 
pseudaconitino with dilute mineral acids, or 
better with alcoholic soda. Light yellow varnish, 
moderately soluble in watc® forming a strongly 
alkaline bitter solution, which, however, does 
not produce any prickly sensation on the tongue. 
Soluble in ether. Forms amorphous salts. De¬ 
duces silver solution and alkaline copper solution 
when heated.—C„lI 4 ,NO # HIMgI 2 is a white 
amorphous precipitate (W. a. L.j. 

Apopseudaeonine C._, ; II ;|1J N0 8 . Formed, to¬ 
gether with veratric acid, by heating pseud 
aconitine with alcoholic soda at 110°. Closely 
resembles pseudaconine. -C 27 H 3 .Ae.jNO s is an 
amorphous varnish melting below *100°, spar¬ 
ingly soluble in water. Salts amorphous. 
C 27 H 3T Bz.jN0 8 is nearly insoluble in water (W. 
a. L.)\ 

4. Jap aco zpigtine. C^H^NoIX,. In tho root 
•of Aconitum Japonicum. Prepared by exhaust¬ 
ing the root with alcohol containing 1 p.c. 
tartaric acid, concentrating the Extract when 
adding water, and repeatedly agitating the 
filtered liquid with ether to remove resinous 
constituents ; precipitate the alkaloids witli 
■odium carbonate ; agitating it with ether; dis¬ 
solving it in aqueous tartaric acid; again 
precipitating it with Na 2 CO.„ and dissolving in 
ether. The resulting solution when left to 
.evaporate deposited crystals which alter being 
freed from adhering syrup, were r£crystallised 


from ether, and after repeated fractional crystal¬ 
lisation gave by analysis numbers agreeing with 
the formula confirmed by the 

analysis of the gold-salt. The 7 lydrobromide 
CaaH^N.O*, 2HBr 5ILO, and the nitrate 
crystallise well (Wright a. Luff, C. J. 35, 387). 

Japaconine m C 2n H # NO l0 , is obtained, to¬ 
gether with ber zoic acid; by heating japaconitine 
with alcoholic potash: C (1( ,H pa N 2 0 1!1 4’ 311,0'= 
2C 7 H li 0 2 4- 2C. J( JI 41 NO io . Yellowish varnish, 
easily solublo in ether, alcohol, and chloroform ; 
insoluble in water. Forms a mcrcuriodide 
C 2u H ,, NO, ,,11 IITgL. 

Japaconitine and japneouine heated with 
| benzoic anhydride yield tho same product, viz. 
| C. A .H ;l!l N0 7 (()C 7 H,0),, which is fioeculcnt, dis¬ 
solves in ether, and does not crystallise. Salts 
non-crystalline, nitrate very sparingly soluble in 
water (W. a. L.). 

5. Lycaconitine C, : B. 1 ,N. ! O li 2aq. A non-crys- 
tallisable alkaloid obtained from wolf’s bane, 
aconitum lycuctnnum (Pragemlorff a. Spohn, 
J. Ph. [5] 10, 301; G. J. 18, 403). If heated 
with water under pressure it is converted into 
crystalline lycoctonic acid, C l7 II 1K N 2 0 7 , and 
two alkaloids, lycaconiue and acoiyctino. 

G. Myoctonine, C 2; li 3(i N\/) s 5aq. Is an amor¬ 
phous alkaloid also present in A. lycoctomim. 

H. W. 

AC0NITIC ACID CJT/L i.e. C a H,(C() ,II) 3 or 
COjJT.Cl L.C(COJI): CH.COJI [18G 5 -187°] 
S. 18'0 at 13°. S. (80 p.c. alcohol) 50 at 12°. 
Equisctic acid, citrulic arid. Occurs as calcium 
salt in the roots and leaves of monk’s-hood 
(Aconitum Nupcllus) and other aconites, in the 
herb of Delphinium Consolida collected after 
flowering (Wieke, A. 00, 08); in tho horse-tail 
(Equisctum jtuviatile) (llaup, A. 77,293); in 
! millefoil (Zanon, A. 58, 21; lllasiwctz, J. pr. 
i 72, 420); in the juice of the sugar-cane (Behr, 

! B. 10, 351), and in that of sugar-beet (O. v. 
Lippmann, B. 12, 1040); as calcium and potas¬ 
sium salt in the. leaves of Adonis vcrnalis 
(Linderos, A. 182, 305). 

Formation. —1. By the action of heat on 
citric acid, or by prolonged boiling of that acid 
with hydrochloric acid: C„ll„0 7 — H.,0 = 

(Doss;i ignos, C. Ti. 42, 401); more quickly by 
. heating citric acid with 11 Cl in a scaled ffube at 
j 130°-110° (Ilergt, J. pr. [2] 8, 372), or by boiling 
! it with HBr (iMercadante, O. 7, 218).—2. In 
| small quantity, together with citracouie.acid, by 
I heating citric acid with III in a sealed tube 
i (Kiimmcrcr. A. 130, 200). 

Preparalion. — Citric acid, in portions of 
100 grams each, is heated in small llasks pro¬ 
vided with bent distillation-tubes h met. long, 
till tho whole, tube is lined with smafl oily drops, 
and the residue is heated oi? a water bath with 
15 g. water till it solidifies to a crystalline mass. 
On pulverising this mass and treating it with 
pure ether, aeonitic acid dissolves and curio 
acid is left behind (Pawolleck, 17$, £>50). 
Huniius (B. 9, 1751) heats citric q^id at 140° 
for a day in a stream of IICl-gas, dissolves tho 
product in a small quantity of water, evaporates, 
and treats the residue by Pawolleek's method. 

I Properties and Fractions. - Crystallises in 
small four-sided plates, melting at 1^7° and 
resolved at the same time into C0 2 and itaconio 
j acid C 4 li # 0 4 ; also whea heated with watcr^t 




m 


AOOSfUO AOD). 


IStf’HPebal, A. 98, 04). Dissolves easily in 
absoluteether, whereby i| is distinguished from 
Jitnc acid. Converted by sodium-amalgam into 
tricarballylic aoid C,H,0, (Hlasiwetz, J. 
1864, 896); Unites with fuming HBr, at 100°, 
forming bromocitrio acid C„H,BiO„ and with 
hypochlorous acid,forniCugchForocitric aoid 
CjHjCIO,. The calcium salt fermented with 
cheese yields suooinic aoid (Dessaigncs, C. B. 
81, 432). 

Salts. The acid is tribasio. Tho NH„ K, 
Na, Mg and Zn salts dissolve readily in water, 
the rest are inBolublo or only sparingly soluble. 
The soluble aconitates form, with lead and silver 
solutions, white flocculent precipitates (distinc¬ 
tion from fumaric and maleic acids). 

(NH,)H 2 A'": nodules or laminin. S. 15-4 at 
16°.—(NHJ,HA"'.—K,A"'2aq. S. 9 at 15° 

(Baup, A. 77, 299). Slender, silky, very deli¬ 
quescent needles; lose aq at 100° and aq at 
190° (Guinochet, C. It. 94, 455).-K 2 HA"' 2aq. 
S. 37 p 7 at 16°: small prisms (G.).—K1I.A'". S.ll 
at 17°; minute elongated prisms.—Na,A"' 2aq: 
retains its water in a current of air at GO 0 but 
gives it up at 15° in vacuo.— Li, A"' 2aq: v. 
sol. water; solution is alkaline.—CaIIA"'aq: 
gummy; v. sol. water.— Ca,A"'., 3aq: gummy; 
v. sol. cold water, but at 80°-100° this solution 
deposits rhombic prisms, si. sol. cold water. 
The latter gradually dissolve, changing to the 
gummy variety.—Ca,A'" 2 Gaq. S.l-01 at 15° (B.).— 
Sr,A" j 8aq. S. ’625 at 16° (G.). Ppd. on boiling 
the solution.—BaH,A'" 2 : prisms. S. 4-2 at 17° 
(G.).—BajA"', 3aq: gelatinous pp. got by adding 
BaCl 2 to aconitic acid or a solution of an aconi- 
tate.—MgjA'", 3aq. S. 10-4 at 17°. Elongated 
octahedra (G.).—Co,A'", 3aq. S. 3-5 at 16°. Pink 
powder.—Ni,A'"jaq. l’p. changed by long boil¬ 
ing to Ni,A'" 2 Gaq.—CdjA'"., Gaq. S. -113 at 17°. 
Prisms.—Zn,A'" s 3aq: insoluble in water — 
PbjA'"., 3aq(?): flocculent precipitate (Buchner). 
—Pb,A"' 2 2Pb02H,0: obtained by prolonged 
boiling of the NH,-salt with basic lead acetate 
(Otto, A. 127, 180).—Mn,A'"j 12aq : small 
rose-coloured octahedra, slightly soluble in 
water (Baup).—Ag,A"' prepared by ailing AgNO, 
to the normal ammonium salt, is a thick 
flocoolcnt precipitate, becoming crystalline on 
drying; slightly soluble in water. 

A solution of aconitic acid mixed with ferric 
chloride is precipitated by ammonia, but the 
presence of citric acid even in small quantity 
prevents the precipitation (Bn. 1, 648). 

Ethers. —The ethers of aconitic acid are 
formed by heating the acetyl derivatives of the 
corresponding citric ethers, C 3 H l (OAc)(C0..11)„ 
at 260 -280°, acetic acid being split off; yield 
75 p.o. of the theoretical (Anschutz a. Klinge- 
mann, B. 18, 1953). 

Me,A"' (271°) (Humeus, B. 9,1750); (1G1°) 
at 14 mm. (A. a. K.) From aconitic acid, McOII, 
and 1 ?!© (iy. 

Et,A"' (276°) (Mercadante, 0.1,248); (252°) at 
250 mm. (C8nen, B. 12,1655); (171°) at 14 mm. 

(A. a. K.). S.G. ¥ 1-1064 (C.); A-*- 1074 (Crasso, 

A. 34, 69). From tetra ethyl citrate and PCI, at 
100° (Conen)i I 

Pr,A'" (195°) at 13 mm. (A. a. K.) 

Di-anilidt. [217°]. Yellow needles; formed 
byjxnling aqueous aniline aconitato (Michael, 


Iso-aconitlo ether 

CO l Et.OH;CH.CH(CO^t),(?)(248°)S.a}Jl'086Sw 

A product of the aotion of hot HC1 upon di-car-1 
boxy-^utaooniotBther (q. v.). An oil; sol. aloo ' 
hoi or ether (Conrad a. Guthzeit, A. 222, 255). • 
Pseudo-aconitie«Ucid 
C0 2 H.CH 2 .CH(C0 2 H).C".CO S H [217°] 
Formed at 180° from propylene tetra-earboxylio 
aoid ( q . «.), obtained from brorao-maleio ether 
and sodium malonio ether (Schacherl, A. 229,95). 
Salt.— Ba a A'",aq. H. W. 

AC0RIN C m H bo O b . A glucosido extracted from 
the common reed {Acorns calamus). Sol. alcohol 
or ether; ppd. by benzene from its ethereal 
solution (A. Faust, Bl. [219, 392; Thoms, Ar. 
Ph. [3) 21, 4G5). 

ACRALDEHYDE v. Aciioli:ix. 

ACRIDINE C„II,N i.e. 

CIX C1I CH 



CH N CH 
M. w. 179. [106°] (Bernthsen); [111°] (Fischer 
a. Kiirner). V. D. 610 (Gracbe, B. 5,15). 

Occurrence .—In coal tar (Gracbe a. Caro, 
A. 158, 2G5). The portion that boiis between 
300° and 360° is extracted with H,SO,Aq and 
the extract ppd. by KA’r.,0,. 

Formation .—1. By heating formyl-diphenyl- 
amino (23 g.) with ZnCl. (45 g.) at 1!)0°-220° : 

H.CO.N(C 0 H s )j=C„H,N + ll.fi. 

2. From crystallised oxalio acid, diphenyl- 
amine, and ZnCl, at 120°—260°.—3. From chlo¬ 
roform, diphenyiamine, and ZnCl, dl- A1CI,. 
In this way 2 g. of acridino can be got from 
25 g. diphenyiamine. It is betterto heat chloro¬ 
form (1 pt.) with diphenyiamine (1 pt.), ZnCl, 
(1 pt.), and ZnO (i pt.), for 8 hrs. at 200° (Fischer 
a. Korner, B. 17,101). (C 6 II,,),NH + CCl a Ii + ZnO 
= O la H a N,HCl + ZnCl a ■ H a O. — 4. By passing 
phenyl-o-toluidine through a red hot tuba 
(Gracbe, B. 17, 1370).—G. In small quantity 
(5 p.c.) by heating aniline and ZnCl, with o- 
or p - oxy-benzoic aldehyde or even with benzoio 
aldehyde (Miihlau, B. 19, 2151). 

Preparation. —Heat formic acid (50 g. of 
S.G. 1-22) with diphenyiamine (175 g.) and 
ZnCl, (100 g.) gradually from 150° to 270°, avoid¬ 
ing evolution of CO. Dissolve tho product in 
alcohol, and pour into aqueous NaOII. Acridine 
and diphenyiamine arc in the alcoholic layer; 
evaporate this, and dissolve the residue in 
ether; shako tho ether with dilute liydrochlorio 
acid. _ The acridine is then in tjie acid solution. 
The yield is small (llcrnthsen, A. 224, 3). 

Properties. —Long needles (from much water) 
or prisms, a ; ; c = *656 :1; '335. Pungent odour 
and burning taste. The base and its hydro- 
chloride attack the tongue even when in minute 
quantities. Volatile with steam. Very slightly 
soluble in water, ifflute solutions exhibit a 
characteristic greenish-blue Iluorescence. 

Salts. —(Bernthsen, A. 224,3; B. 16, 1802 
Graebe, B. 16, 2828; Medicus, B. 17, 196.)— 
B'HCl: yWlow plates, soluble in water impart¬ 
ing a bluish-green fluorescence.—B' a H a PtCl, I 
sparingly soluble minute yellow needles,— 
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B'jaNO,8 m! [181°]# yellow. pp, get byadtog 
•odium nitrite to a lolution oi an acridine salt. 
<*>ng yellow silky needles j si. sol. ether or cold 
fwater, m.sol. lAt water, v.e. sol,alcohol; some¬ 
what volatile with steam.—B^BLSO,: tinned 
by adding aqueous SO, to«a solution of the 
hydrochloride. Yellowish-red needles, v. si. sol. 
water.—B'HNaSO,: got by mixing solutions of 
sodium sulphite and acridine hydrochloride.* 
Colourless, easily soluble, prisms. 

Picrate. C„H„NC 6 H,(N0,) > 0H. Minute 
yellow prismatic needles. Melts at a high tem¬ 
perature. Y. si. sol. cold alcohol, cold water or 
cold benzene. Boiling water partially decom¬ 
poses it (Anschutz, B. 17, 438). 

Acridine forms no carbonate. 

lteacticms. —1. IlgCl. gives a yellow crystal¬ 
line pp. (C 13 H„N,HCI),rigCl a .— 2. K,Cr,0, gives 
a yellow pp. C„H„NH„Cr0 4 .—3. I dissolved in 
KIAq gives a brownish pp. (C„H,Nin)J,.— 
4. Seduced in alcoholic solution by sodium 
amalgam to hydro-acridine which is solubio in 
alcohol; at the saino time a white powder in¬ 
soluble in alcohol is formed. Ilydro-acridine, 

is not a base. It forms 

prisms, [169°], si. sol. cold alcohol, v. sol. hot 
alcohol or ether, insol. water. Hoi. cone. II,SO, 
and reppd. by water, unaltered. It is oxidised 
by Ag,0 or Cr0 3 back to acridine.—5. KMnO, 
oxidises acridine to a quinolino di-earboxylic 
acid (aeridinic acid) (Graebo a. Caro,15. 13, 99). 

Octo-hydro-acridino ( acridinc-octo-hydridc ) 
C 13 H|,N[81°J. (320°). Colourless plates or tables. 

Formed by heating acridine or hydroacridine 
with HI and P at 220°. — B'.HCl: colourless 
tables, soluble in hot water, sparingly in cold 
(Graebe,»R 16, 2831), 

ACBIDINES,—Compounds having the general 
formula -CR- 

C 3 H,v | -C„H, 

\n/ 

They are characterised by basic properties, 
fluorescenco in dilute solmions, capability of 
directly uniting witn Mel, and of forming 
neutral dihydrides which may readily be re¬ 
converted into the original base. v. Butvi.- 
AOltlDINK, MeTHYB-ACUIDINU, Ulld PlIlCNVO-ACliX 

bine. See also Auido-i’ukkyl-acridikf, Oxy- 
BHENTL-AcainiNE, AjiiDO-nYimn-AcitimNE ketone. 

ACBIDINIC ACID v. (By. 2:3)-Quinoune-di- 

CABBOXYLIO ACID. 

ACBIDYL-BENZOIC ACID v. PmiNvi.-Acm- 
dinb Cakboxylic Acid. 

ACBOLACTIC ACID 

C t H,O„i.e.CH0.CH 2 .CO 2 H or CH(On):CII.CO,H. 
Formed by boiling ethyl 0-chloro-acrylnte 
CHC1: CH.CO.,Et, with baryta water (Pinner, B. 
7, 250 j A. 179, vt). The acid is a thick syrup. 
Its silver salt, AgA', blackens quickly on exposure 
to light, and is m. sol. water. 

ACBOLElK C,H,0, i.e. CH,:CH.CHO. Acrylic 
aldehyde, Acraldchydc. Mol. w. 56. (52-4°). 

V.D. 1-897. S. 2-5. S.G.\° -841 ; /**1-I089 ; 
B* 25-31 (Briihl). » 

Formation. —1. By oxidation of allyl alcohol 
CH s :CH.CH a OH, with platinum-black or chromio 
acid feixture.—2. By dehydration of glycerin, 
C,H,0„ and therefore in the destructive distil¬ 
lation of fats.—3. By distillation of acetone 
dibromide ; C,H,OBr,=2HBr + C,H 4 0.—4. From 


di-iodacetone and rilver oyaslda (M. Simpson, 
J.pr. 102, 880).— 6. By exploding ethylene with 
a large excess of olygen, the carbon being 
partly oxidised to CO, which with the ethylene 
forms acraldehyde, C,H, + CO - C,H,0. This 
effect, however, is produced only by nascent, not 
by ready-formedeCO (£. v. Meyer. J. vr. 121 
10,113). 

Preparation.— Anhydrons glycerin (1 pt.) is 
distilled with KHSO, (2 pts.), and the vapour, 
after passing over calcium chloride and lead 
oxide to remove water and acrylio acid, is con¬ 
densed by afreezing mixture (Aronstein, A. Suppl. 
3,180).—Obtained also in large quantity as a 
by-produot in the preparation of cenanthalde- 
hyde, from castor-oil (Schorlemmer). 

Properties. —Mobile strongly refracting liquid. 
Vapour extremely irritating lo the nose and eyes. 
Taste pungent and burning. It is readily con¬ 
verted into dis aeryl, awhile amorphous body 
(isomeric or polymeric?), insoluble in water, 
alcohol, acids, and alkalis. 

Bcaclions. —1. Oxidised quickly in the air, 
or by silver-solution to acrylic acid, in the latter 
case with formation of a silver speculum; by 
nitric acid to glycollio and oxalio acids (Claus. 
A. Suppl. 2, 118).—2. Converted by nascent 
hydrogen (Zn and IICI) into allyl alcohol, 
CjH,,0, isopropyl alcohol, C,H„0, and acro- 
pinacone 2C 3 II,0 + H 3 =C s H la 6 3 (Linnemann, 
A. Suppl. 3, 257).—3. With l'Cl 3 acrolein yields 
nllylene chloride C 3 H,C1 3 (84-5°), the isomerio 
dihydrochlorogIycideor/3-epidichlorhydrin(102°), 
and trichlorhydrin C 3 H 3 C1 3 boiling at 152°-156° 
(Genthcr, Z. 1865,24).—According to Bomburgh 
(Bl. [2] 36, 549) the three liquids are allylidene 
chloride C,H,C1., (85°), its isomeride, (110° eor.), 
and 8-chloro-allyl alcohol CIICl:CH.CH 2 OH 
(153° cor.).—4. Bromine fonns di-bromo-pro- 
pionic aldehyde (q. «.).—5. Acrolein heated with 
ethyl-alcohol and its homologues and a little 
acetic acid, yields glycerides; e.g. triethylin 
C 3 H,(C 3 II i ),0 3 , from 1 vol. C s H,0 and 1 vol. 
alcohol and 0'5 vol. acetic acid ; trimethylin 
C 3 H,(CHj) 3 0 3 , from 1 vol. C s H,0, 3 vol. methyl 
alcohol, amV 0'5 vol. acetic acid; and triamylin 
CjlI jC Ii,,).,©,, in like manner. On passingHC1- 
gas into a mixture of acrolein and 2 voL abso¬ 
lute alcohol, diethylchlorhydrin C.IIJCjIljJ-CIO, 
is obtained as a heavy oil having a sweetish 
ethereal odour and S. G. 1-03 at 10-5° (Alsberg, 
J. 1864, 494).—G. Acrolein acts strongly on 
aniline, forming diallylidene-di-phenyl-di-amine, 
(C,H 3 )..(C 3 HJ 3 N 3 (Schiff, J. 1864, 414). 

Combinations.— 1. With Sodium Hydrogen 
Sulphite bydirectcombination C,H,0,2NaHSO t — 
ClIj.cn(NaSO,).CH(OH)(NaSO,). CrystaUine 
nodules. With acids give* off SO, but no 
acrolein. By NH, and BaCl. only half the 
sulphurous acid is precipitated as BaSO„ the 
a-sulphopropionio aldehyde remaining in solu¬ 
tion. Sodium amalgam converts it into oxypro- 
pane sulphonio acid. Silver oxide oxidises it 
to a-sulpho-propionio acid (Max MWler, B. 8, 
1441.—Bn. 360). 

2. With Acetic Anhydride. 0,11,0,0,8,0, 

C r C 3 H,(OAo) 2 . Formed by direct combination 
1 100°. Liquid (180°). 8.0.“ 1-0T6 (Htibner a. 
Geuther, A. 114, 47). • 

8. With AoetylCJhloride. 0,11,0,20,11,001. 
Liquid boiling at 140°-146° (Aronstein). * 



wim EtiiyI Chloride. 
CHj:0H.CH01(00 2 H 5 ). Formed together with 
acrolein-acetal, by the action of sodium ethylate 
on allylidene chloride, CH 2 :CH.CHCl t at 120°. 
Liquid. (115°-120°). 

6. With Ethyl Alcohol. C>H l0 O 2 i.e. 
OH 2 :OH.CH(OH)(OCJJ%). Fr<*n acrolein hydro- 
chloride and sodium ethylate: 

OH.,:OH.CHO,HCl + NaOEt - 
NaCl + CH..:CH.CII (Oil) OE t. 

Liquid boiling, with partial decomposition at 
130°. S.G. 9 0*910. Soluble in water, alcohol and 
ether (Geuthcr a. Cartmcll, A. 112, 3). 

6. With ammonia, acrolein forms a conden- ; 
aation-product C, > H U N0 = 2C : ,II,0 + NH 3 -1L0, , 
prepared by passing the vapour of anhydrous j 
acrolein into a’eoholic ammonia (Iliibner a. j 
Geuthcr, A. 114, 35), or more readily by passing 
the vapour of crude acrolein into aqueous ammo- , 
ilia, expelling the excess of ammonia by a gentle 
heat and precipitating the remaining liquid with : 
a mixture of ether and alcohol (Claus. A. 130, 
186).—Bed amorphous body easily soluble in , 
water and in acids, sparingly in hot alcohol, ' 
insolublo in cold alcohol and in etlior. Converted 
by dry distillation, first into a non-volatile oxy- 

f enated base (Clans. -4.158, 222), then intopieo- ; 
ine and water (Baever, A. 155, 283). Acrolein- i 
ammonia unites directly with bases, forming ; 
brown amorphous salts. The platiuochloride 1 
(CANOlIClLPtCl, is a yellow amorphous pp. j 
Polymerides. 1.Metacro 1 cin (C 3 H,O),.[50°J. 
V.D. 5*9. Formed with evolution of hydrogen, 
when acrolein hydrochloride is heated with 
potassium hydroxide (not NaOll). Needle- 
shaped crystals lighter than water, having an 
aromatic odour. Tartly reconverted by distilla¬ 
tion into acrolein. Volatilises undecomposed 
with aqueous vapour. Insoluble in cold, sparingly 
soluble in hot water, easily in alcohol and ether, j 
Exerts only a feeble reducing action on ammo- ! 
niacal silver solution. Not aifeeted by dilute 
alkalis, but changed more or less into acrolein 
by heating with mineral acids. Docs not com- ! 
bine with ammonia. Unites with dry IlCl-gas i 
forming /3-eliloropvopionic aldehyde ; 

CHjGLCEL.cnO (Geuther a. Cartmcll, A. 112, 3). = 
2. ^crolein resin. Formed by heating, 
acrolein for a week with 2-3 vol. water at 100’, , 
as a brown resin which begins to melt at 100°, j 
is moderately solublo in hot water, easily in ' 
alcohol and in ether. Heated with ammoniacal ! 
silver solution, it reduces the silver in specular 
form, licconverted into acrolein at 100 J (G. a. C.). 

3. Hexacrolei’c acid C ts H 2 ,Og. Formed 
Iby treating acrolein with alcoholic or aqueous 
potash or with moist silver oxide. Yellow 
amorphous body, insoluble in water, easily 
soluble in alkalis, alcohol, and ether. Has a 
slight acid reaction. Salts:NaC 1H H 23 O fl : brown 
and amorphous. Ca(C |H H 13 O fi ) a : yellow flocculent 
precipijpte insoluble in water and in alcohol. 
Barium salt ; amorphous; decomposed by C0 2 
(Claus. A. Suppl. 2,120). II. W. 

AUBOLElN - DIPHENYLAMINE v. Di- 

HtfcNYL-AMINE-ACROLEIN. 

ACKOLEW-UREA C 4 H 8 N 2 0, i.e. , 

% CON,H..(C a HJ. 1 

*JFormed fc by the action of acrolein on urea in 
alcoholic solution (Leeds, A.C.J. 4, 58; B. 15, 
U90). White powder; sol. alcohol, ether, or 


08*. Other bodies are also formed (Schlff, JL 
151, 206; B. 15,1898). * 

AOBOLElN-w-XYLIDIKK f M-XrmmA 

iCBOjyfiV. a * 

ACBOPINAuONE C 8 H l0 O a , 

1. e. OH 2 :CH.CH(OH).CH(OH).CH:CH 2 (160°- 
180°) S.G. 1 * *99. Formed by action of zinc and 
dilute II,S0 4 upon acrolein (Linnemann, A . 
Suppl. 3, 268; L. Henry, J. pr. [2] 9, 477). It 
is extracted with ether. It turns brown in air. 
V. sol. alcohol or ether, insol. water. 

ACROTHIALDINE. C B H 13 NS 2 5aq. A base 
produced by the action of ammonium sulphy- 
drato on acrolein at 0° (Selliff, Bl. [2] 8, 444), 
Insol. water, v. si. sol. alcohol, ether, or CS 2 , 

ACRYL-C0LL0IDS v. jS-BuoMo-AcaYLic acio. 

ACRYL-ALDEHYDO- PHENOXY- ACETIC 
ACID C n H, 0 O 4 t.e. CHO.CH:CH.C„H 4 .O.CH 2 .CO ; ,H 
o [153°J. vi [100°]. p [182°]. These three acids 
are prepared by adding a cold aqueous solution 
of aldehyde to a dilute solution of sodium o- 
aldehydo-phenoxy-acctato at 50° (Elkan, B. 19, 
3018). 

ACRYLIC ACID C.,H 4 C 2 , i.e. CH 2 :CH.C0 2 H, 
Mol. w. 72. [8°J (110°) (Li)memann, A. 171, 294). 
Formation. —1. Jly oxidation of acrolein (p. 61).— 

2. By heating /3-iodopropionic acid with sodium 
ethylate : CUXCTL.COM + NaOEt - 

Nal + EtOII + CII.,: CH.COJI. 

(v. Schneider a. Erlcnineycr, B. 3, 339).— 3. By 
heating /Liodopropionic acid with lead oxide.— 

4. Together with propyl alcohol and other pro¬ 
ducts, by heating allyl alcohol witli IvOH (Pol¬ 
lens, Z. [2J 6, 457).—5. From iodoform and 
sodium ethylate (Butlorow, A. 114, 204).— 6. By 
debi-omination of a-/Ldibromopropionio acid 
with zinc-dust, 

CILBr.CIIBr.CO.JI -Bb, = CII.: CHfC0 2 H. 

7. By heating diehlorallylene with water: 

CCL: C: CII, + 2ILO = 2IICU CII.,: CH.C0 2 H 
(Tinner, 13. 7, 66).-8. By the distillation of 
hydracrylat.es C 3 H 6 0j, = C 3 II 4 0 2 + II 2 0 (Beilstein, 
A. 122, 372). 

Preparation .—Acrolein mixed with 3 vol. 
water is poured upon recently precipitated silver 
oxide suspended in water in a vessel protected 
from light; the liquid is heated to boiling; so¬ 
dium carbonate added to slight alkaline reaction; 
and the mass, after evaporation to dryness, is 
treated with dilute sulphuric acid. The liquid 
is filtered (hexaeroloie acid and reduced silver 
remaining on the filter) and the filtrate is dis¬ 
tilled, acrylic acid then passing over (Claus. A , 
Suppl. 2, 117). 

Properties.— Colourless liquid having a pun¬ 
gent odour like that of acetic acid; solidifying 
at low temperatures; miscible with water. 

Reactions. -1. Converted by podium-amalgam 
and by boiling with zinc an<J diluto sulphuric 
acid into propionic acid (Linnemann, A. 125, 
317).—2. Fusion with KOH gives formic and acetic 
acids : C 3 H 4 0 2 + 2H.,0 = CH 2 0 2 + C 2 H 4 0 2 + H* 

(Erlenmeycr, A. 191, 376).—3. Unites directly 
with bromine forming a/Ldibromopropionio acid, 
CHJlr.CJriBr.CCLH, ffiid with hydriodic acid t 
forming /3-iodopropionic acid, CHjLCHyCOuH 
(Wislicenus, A. 166,1).—4. Its alcoholic Bqjution 
saturated with HOI, yields ethyl /9-ohloropro- 
pionate, €H 2 C1.CH 2 .C0 2 C 2 H 4 (Linnemann, A. 
163, 96).—& Unites with hypochlorout Wi4f 
forming /S-ohlprolgctio *oi4 '"v 
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; 0H*iGH.C0£t +010H-OT.Cfl.OTOS.CO^H 
(Molhkow, B. 12, 2227 ; 13, 2154). 
t Salts.—All extept the silver salt are easily 
/soluble in watcfr. Give off parLot their acid at 
100°, leaving basic salts; the if-, Ba-, and Zn- 
salts decomposing in this i*anner oven at ordi¬ 
nary temperatures. —KC 3 H 3 0 2 is very deliquescent j 
(Clausius).—NaA', microscopic needles. 100 | 
ptn. cold alcohol dissolve 0*7 pt. of this salt 
(Zotta, A. 192, 105). Dissolves easily in 90 p.c. ! 
alcohol. Melts with decomposition above 250° 
(Linnemann). Converted by heating with 
aqueous soda at 100° into the isomeric hydra- j 
crylic acid CH z OH.CII r CO.dI (Linnemann, B. j 
8, 1095).—CaA/ needles (Caspary a. Tollcns). I 
—SrA' 2 : small rhombic plates very soluble in j 
water.—ZnA' 2 : small scales (Clausius). PbA' 2 : ' 
shining needles soluble in alcohol.—AgA': floc- 
oulcnt precipitate crystallising from boiling 
water in prisms (Caspary a. Tollens, A. 107, 
240). 

Ethers.—MeA' (80-3°) (Wegcr) S.G.e-934. 
From methyl a-fl-di-bromo-propionato, McOH, 
Zn andH 2 S0 4 (C. a. T. ; Kahlbaum,J5.13,2319). 
—EtA' (98-5°) (W.); (101-5°) (C. a. T.). From 
%tbyl a-^-di-bromo-propionate, EtOH.Zn and 
H 2 SO,.-PrA' (122*9°)(W.). From propyl a-/3-di- : 
bromo-propionate, PrOH, Zn and H,S0 4 .—Allyl 
ether. C 3 H 5 A' (119°-124°) (C. a. T.). “ | 

Other derivatives of acrylic acid aro described 
as: JJnoMo-AcnvLio acids, Chloico-acuylio acids, ! 
CiiLoKo-nnoMO-AcnTLic acid, Amido-acrvlic acid, 
BltOMO-IODO-ACItYLIC ACID, IoDO-ACUYLIG ACID. SeO 
also Hydrachydic acid. 

Paracrylic Acids (C 3 H.,0 2 ) n .—An acid pro- 1 
bably having this composition is formed by the 
action of potassium cyanido on ethyl a-chloro- 
propionaio at 150’. f Short prisms melting at 
180°-182°. Gives a Drown red pp. with ferric 
chloride (Karetnikoff, J. R. 9, 110).- Another 
paracrylic acid is formed by boiling aqueous 
&-iodopropionic acid with oxccss of silver oxide, 
till the solution becomes coloured, and metallic 
silver begins to separate. •The same acid is 
formed when hydracrylio acid C 3 II (j 0 3 is loft in 
contact for several days with 1 mol. bromine.— 
Small crystals melting at 09°; insol. in water, 
slightly sol. in cold, easily in hot, alcohol. Easily 
takes up HI at 157° and is converted into 0-iodo- 
pvopionic acid.—The sodium salt is indistinctly i 


JlCTiy0METER,—Instrnment for measuring 
chemical intensity of light. V. Pbtbibal 
Methods, sect. Omen,. 

i ADEITIffB OjH,Njitsij, Oooars amongst the 
I decomposition-products of the contents of all 
growing animal and vegetable cells. Formed, 
amongst other firoduc^s, by boiling nuclein 
with dilute H,S0 4 . 

Long rhombic needles (from NH 3 Arq. (V. sol. 
hot water, and in NaOHAq, v. si. sol. NaXOgAq. 
Neutral to litmus. Insol. ether or CHC1 3 .—By 
nitrous acid it is converted into hypoxanthine 
(Kossel, B. 18, 79,1928; if. 10, 218). CJI.Ag.N.: 
insol. NH s Aq. (C v H,N,)..TI.,SO t 2Aq. SI. sol. water. 

ADIPIC ACID Oil',<)*, 

i.e. CO,H.CH 2 .CII,.Ci L.CH ,.CO.,H. Mol. w. 148. 
[149°]. S. 1-44 at 15°; S. (ether) -G33 at 19° 
{Dieterle a. Hell, B. 17, 2221); S. 7*73 at 18° 
(Wirz, A. 104, 257). 

Formation. —1. By the oxidising action of 
nitric acid on sebacic acid, and on natural fata, 
e.g. hog’s lard, cocoanut oil, Ac.—the first pro¬ 
duct of the action being scbacic acid, which by 
further oxidation is converted into adipic acid 
(Laurent, A. Ch. [2J 00, 100; Bromeis, A. .35, 
105; Malaguti, A. Ch. [3] 10, 84).—2. By the 
action of HI and phosphorus at 140° on mucio 
acid (Crum Brown, A. 125, 19), or saccharic acid 
(Do la Motto, B. 12, 1572). - 3. From muconio 
acid and sodium-amalgam (Marquardt, 

B. 2, 385). 4. From /3-iodopropionic acid and 
silver at 100°-100°; 2(CHXCU ..CO .H) )• Ag..=» 
2AgI + (CH 2 ) 4 (COTJ), (Winlic.cnns, A. 149, 221). 
5. By reduction of di-acetylene di-carboxylic 
acid, COJI.C:C.C:C.CO.JI, or of hydro-muconio 
acid, C,ll a (C().,li)._,, with sodium-amalgam 
(Bacyor, B. 18, 080).—0. By heating butane-»- 
tctra-carboxylic acid (Perkin, B. 19, 2010/. 

Preparation .—Sebacio acid is boiled with 
nitric acid, whereby it is converted into a mix¬ 
ture of adipic and succinic acids, which are 
soluble in water. The nitric acid is then eva¬ 
porated off, and tho residue crystallised from 
water. It is then fused and the solidifie i mass 
is pulverised and treated with ether, which 
dissolves th# adipic acid, leaving a small quan¬ 
tity of succinic acid (Arppe, Z. 1805, 300). 

Properties. — Monoclinic lamina), flat i^cdles, 
or feathery groups of needles. Sparingly soluble 
in cold water, freely in alcohol and ether. It 


crystalline, deliquescent, does not melt at 180°. 
The lead salt is soluble in water (Klimenko,/. R. 
12 , 102 ). 

Di-acrylic acid C (1 H h 0 4 . 

At 250° sodium liydracrylate is decomposed 
into water, sodium acrylate, and sodium di¬ 
acrylate. On treating this mixture with water it 
becomes very hot, and the sodium di-acrylato 
takes up aq be?i% converted into para-adipo- 
malato, Na 3 C a H 8 O v The latter is thrown down 
as a viscid syrup when an equal voligne of alcohol 
is added. At 200°-250° it loses aq, changing to 
sodium di- acrylate, an amorphous deliquescent 
mass, which becomes warm when breathed 
upon, combining again %ith aq. Salts.— 
Na*A".— BaA\—CaA": from calcic hydracrylate 
ftf 220’ (Wisliccnus, A. 174, 285). 

pBra-adipomalic acid isa syrup. It is 
Toduced by HI to para-adipic acid* C 8 H, 0 O 4 . 
Salts.-Na.OAO, aq.-BaA".~£uA" aq.— 
■/. fWt". AH *re amorphous. ■* fr W. 


l has a tendency to form supersaturated solutions. 

1 Converted into butane by distilling with large 
excess of CaO (Hanriot, C. R. 101, 1156). 

Sal ts. — The ammonium salt (NHJ.A." forma 
monoclinic crystals resembling augite; a: b: cm 
i *088:1 ; *979: /3 = 82°14' (J. 217,113). S. 40at 14°, 

1 At 150° it gives off all its NH 3 .—Na 2 A ,/ 2aq.— 

I Na..A "inq: very soluble pe;i#1y plates.—K 4 A".—• 
i BaA": whito pp. S.12-04 at 12°; 7*47 at 100°. 

| SrA'^aq.—Ca.V'aq. OaA"2aq: minute needles 
(from" alcohol), giving up their water at 
100° (Laurent, C. R. 31, 351).—M^A"4aq; 
prisms. S. 25 at 15°.— ZnA"2aq.—'CdA/'2aq.— 
CiiA"aq.—CuA"2aq.— PbA" : small* glistening 
plates, S. *021 at 10°.—HgA" : whito crystalline 
pp. — Ag..A": small glistening plates, S. *010 at 
11 °.—The ferric salt is a brown-recUinsolable pp. 
Tor more detailed description of s *ts v. Dieterle 
a. Hell, B. 17,2221. • .*. 

Ethyl ether.— Et 2 A" (245°) (Arnpo, Z. 
1865, 30?), 
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Amide 0 MCOjmj, [WO 0 ] S .-U (Henry, Bl. 
48,618).— Dimethyl-amide 0,H,(COjNHMe), 
[161°—153°] (H.). » 

Derivatives of adipio arid «. BaoMo-iDiPia 
ACID, OxT -ADIPIO ACID. H. W. 

Para-adipic Aoid.—Formed by the action of 
HI on paradipimalio atgd, C.H.,,0.—a decompo¬ 
sition product of sodium hydracrylate v. di- 
Acbtlio acid.— Syrupy.—ZnC.HA.SHjO. Vis- 
oidflooculentpp, (Wislieenus, ,4.174,295). H.W. 

Iso-adipic acid 0,H,(C0.,H).,.[192 J ].S. 1 at 22 !> . 
A product of the action of bromine on the sul¬ 
phate of cyanethine (q. v.). The product is 
extracted with other j on evaporation this leaves 
an oil which reacts violently with strong NH S , 
forming crystals of the amide of butane dicar- 
boxylic acid, OJIJCONH..).,. Converted by 
boiling dilute ILSO, or HC1 into the acid. 
(E. V. Meyer, J. pr. [2] 26, 358). 

Properties. —ltows of prisms, or, from hot 
concentrated solution in water, globular aggre¬ 
gates. Begins to sublime at 100°. Boadily 
soluble in alcohol and ether. 

Salts.— A"H(BH,). Solutions of this salt give 
the following precipitates: l'V\C'],.. reddish-white; 
AgNO a , white; CuSO,, green; Pb(OAc) s , on agi¬ 
tation, prisms crossing one another; HgCL, 
CaClj, BaClj give no pps.—A"Ag 2 .—A"Cu.— 
A"Pb, iaq. 

Amide.— (See above.)—Does not melt at 200°. 
Prisms with pyramidal ends (from water). 

Adipic acid C,H„(CO.H). ( Hydro-pyro-cin- 
Chonic acid) [191°]. Small white needles or 
glistening prisms ; easily soluble in alcohol and 
ether, less in water. Is the chief product of reduc¬ 
tion of pyrocinchonic acid CO.II.CMeiCMe.COJl 
or of the reduction of di-chloro-adipic acid 
COjH.CGlMe.CCIMe.CO.IL By conversion into 
the anhydride and redissolving in water it is 
converted into the isomeric adipic acid melting 
at [240°]. 

Salts.— CaA" ljaq: very sparingly soluble 
white silky needles.—SrA"l.Uq: sparingly soluble 
needles.—PbA" 3aq : white crystalline pp.— 
A"Cu: green pp. 

Anhydride.- fl87‘] (Otto 

a. Betkurts, B. 18, 838 ; ltoscr, Ts. 15, 2012; 
Leuckart, B. 18, 2314). 

Constitution.—TrohMy identical with the 
above iso-adipio acid. 

Adipic acid (C,H,(COJiy„ [210°]. Glisten¬ 
ing plates, or prismatic needles. Formed by 
isomeric change from the preceding adipic acid 
[194°] by conversion into the anhydride and re¬ 
dissolving in water. 

Salt. - Ag-A": sparingly solublo white crys¬ 
talline pp. The acid docs not give an anhydride 
on heating (Otto a. Beekurts, B. 18, 843). 

Adipic acid O t H,(C0 2 H) 2 [I65°_167°]. Di- 
metfiyl-succinic acid (?)—From aceto-acctic ether 
by mcSnsSif sodium, a-bromo-propionic ether, 
and Mel (Ifardtmuth, A. 192,142). 

Salts. —PbA" : flocculent pp.—Ag a A". 

Adipic acid C.HmO. [142°-143°].—From tro- 
pilene (q. v.) and HNO,(S.G. 1-285) (Ladeuburg, A. 
217,140). ' ' 

Salic. —AgjA".—Ammonium salt forms tri- 
’clinic crystals; a ; b : c = -8474:1:-6496 a- 
40° 30'. 8-95°l0'. y-lOO' 3 50', 


Constitution.— Probably identical with «-di- 
methyl-suooinio acid (a. o.J, 
CO 3 H.OMe 3 .OH 3 .COJB. , 1 

Other isomerides of adipic aoid are described’ 
as Mlftoii-BTHWi-MAIONIO, PboPIL-MAIiONIC, ISO- 
PaoPYl-MADONrO, ^J-MeTHYIi-SCOCINIO, Etiivi,- 
bbcoinio, and MKTnvi.-GLDTABic acids. 

Adipio (?) aldehyde C,H,jO ? .—Formed by 
treating acetio aldehyde with zinc-turnings at 
100° SCjH.O - H,0 - C,II, 0 O 2 . Smells like wild 
mint, and appears to be decomposed by prolonged 
distillation, with formation of H. 2 0 and higher 
condensation products. Unites with alkaline 
bisulphites, forming crystalline compounds (Bi- 
ban, C. R. 75, 98). H. W. 

ADIPOCERE.—A fatty substance produced 
in the decomposition of animal substances in 
moist ground; first found by Fourcroy in the 
Cimclii're dcs Innoccns at Paris. Consists of 
palmitic, stearic, and olcio acids (Gregory, A. 
61, 302 ; Wetherill, J. 1855, 517). According to 
Ebert (B. 8, 775) it consists essentially of pal¬ 
mitic acid, together with margaric and oxyuiar- 
garic acids, 0,.II :)1 0. ami C,,II, 4 0,. II. W. 

ADIPOM ALIC ACID C.H.,,0is formed by boil¬ 
ing bromadipic acid with potash, as a viscid masa- 
wliich becomes crystalline. — I’bC.H.OjSHjO. 
White precipitate which dissolves in hot solution 
of lead acetate and separates therefrom in na¬ 
creous scales. Gives off 211.0 at a moderate heat 
(Gal a. Gay-Lussac, C. R. 70, 1175). II. W. 

Para-adipo-malic acid v . di - Acbvlio acid. 

ADIPOTARTARIC ACID C„H, 0 0,. Formed 
! by heating pulverulent dibromadipic acid with 
I water at 150°. Moderately soluble in alcohol 
i and ether. Much more solublo in hot than in 
i cold water, and separates in monoclinic lamina). 

; Optically inactive. Solution agitated igith KOH 
yields a crystalline pp. Vesembling cream of 
tartar (Gal a. Gay-Lussac). H. W. 

ADONIDIN. Agtucosidein Adonis vcmalis, 
resembling digitalin in physiological action 
(Ccvvello, Ph. [3] 13, 129; Mordagno, Ph. (3] 
16,115). • 

ADONINIDINE. A poisonous substance in 
Adonis nipaniana (Cervcllo, G. 14, 493). 

7ESCIGENIN C I ..1I.,0 ? . Formed, together 
with glucose, by passing IlCl-gas into a boiling 
alcoholic solution of tclicscin (infra) 

0„H 3 „0, + IIjO - C,J[ M 0 2 + c,h, 2 o. 
Indistinctly crystalline powder, insoluble in 
water, soluble in alcohol. Strong sulphuric acid, 
in presence of sugar, dissolves it with blood-red 
colour. Acetyl chloride converts it into a 
diacetate (Uoclilcder, J 1807, 751). H. W. 

JESCINIC ACID C..,H, 0 O r Occurs in small 
quantity in the cotyledons of ripo horse-chestnut 
seeds. Formed, together with propionic acid, 
by boiling argyriescin with pokfth-lye: 

C„II,A 2 + 2K01I = KC 2 ,H 2 ,0„ + KO^A, 
and together with butyrio aoid by similar treat¬ 
ment of aphfodrcscin: 

C s ,II» 2 0 2: , + 3KOI1 = 2X03^3.0,3+K0,n,03. 
Gelatinous mass, becoming partially crystal- 
line. 

Besolved by hydrochloric acid into glucoM 
and tclicscin: 

C 3; I I „,0, j 4 HjO 
The aoid potassium 
forms silky, needles. 


- c t H r ,o„ 4- o„h,,o 8 . 
salt KC ; ,H, v 0] 2 ,C 2 ,H„O|j ( 
il. sol. water (Boohleder). 

H. W. 
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: 0,H,0, -k NH, + 0 - H,0+C^t,NO, 

(Bochleder, ,7.1867, 758). 4 &W. 

£SCX0£CIN C,H,0„ ii fonned by the 
sotion of eodiam amalgam 9a eesoaletm. Dis¬ 
solves hi alkalis with green colour quickly 
changing to red.. Converted by ammonia into 
Bsoioreein (Hoehleder, ibid. 751). H. W. 

aSCIOXAUC ACID C,H„0 4 ,HjO. Produced, 
together with formic and oxalic acids, sometimes 
also protocatccliuic acid, by boiling icsculetin 
with very strong potash lye. More easily 
obtained pure by boiling icsculetin for several 
hours with baryta water in an atmosphere of 
hydrogen. Very minutely crystalline mass. 
Gives with forric chloride a rc<l-brown colour, 
ohanging to purple-violet on addition of sodium 
carbonate; with ferrous sulphate and a small 
quantity of sodium carbonate, a deep blue 
colour (Itochleder, J. 1867, 752). H. W. 

•ESCDLEIIC ACID C„H,O s , 
i.e. C,H 2 (0H),CH;CH.C0 2 H. Formed by boiling 
sssculetin with baryta (Itochleder, J. pr. CO, 211). 

Salts.— BaA' r — 5rbC„H„0 M C,H,0 5 . Acids 

which contain the group CH:CH.CO.li, such as 
tumeric and maleic acids and the coumaric acids, 
are usually capable of existing in two forms, 
one of which can be easily transformed into the 
other. iEsculetio acid and its methyl deriva¬ 
tives are at present known in one form only, but 
tri-ethyl aisculetio acid and its ether have been 
obtained in two forms, which are described below 
as derivatives of (a) and (0) aisculetio acid. 

Tri-methyl derivative O t LL(OMe),.C.,H. : .CO-H 
[ICS 0 ]. Needles. Solubleinalcoliol,ether,benzene, 
and hot water, sparingly in cold water. Formed 
Sy the acjion of alcohalio KOH on the following 
body. Its neutralised solution gives pps. with 
AgNO„ CuSO„ZuSO„ and Pb(OAc)... 

Methyl ether C s H„(OMe),.C. i H ! .CO.Mo 
[109°). Prisms. Distils undecomposed at a very 
high temperature. Soluble in alcohol, ether, 
ind benzene, insoluble in water. Fonned by 
ivaporating dimethyiasculetin (1 mol.) with a 
lolution of NaOH (2 mols.) nearly to dryness 
and digesting the residue dissolved in methyl 
alcohol with methyl iodide (Tiemann a. Will, B. 
15, 2082). 

(a)-d3sctTi.F,Tic Acid C,H 2 (OH),.CH:Cn.C0 2 H 
Tri-ethyl-derivative C < H 2 (0I5t) J .C 2 U 2 .C0 2 H 
{103°j. Prepared by saponification of its ether. 
Changes when heated to its boiling point or boiled 
with strong HC1 into the (6)-isomeride. 

On reduction with sodium-amalgam the tri- 
ethyl-derivativos of both (a)- and (8)- resculetic 
acid givo the same tri-ethoxy-phenyl-propionic 
acid, C s H 2 (0Et),C!JLCH 2 C0.Et, and with alkalino 
KMnO, the same tri-ethoxy-benzoio aldehyde, 
CA(OBt),CHO. 

Ethyl-Ether C,H z (0Et),.C,H ! <30 ! Et 
thick yellow prisms, very soluble in alcohol, 
ether, and benzene, insoluble in water; prepared 
by heating di-ethyl-icsouletin with sodium 
ethylate and ethyl-iodide a? 100°, avoiding an 
expose of ethyl-iodide and longer heating than 
fonp hours; on heating to its boiling point 


(shove 860°) it changes into the (jS)-isomeride 

(tpk 16,2110). • 

> t^-fiEwousxio Asm C a H ) (OH) l .OH:CB.CO l H 


TrUthyUderivaUvtOfi^im^O^Cpfi 
fl44°J, colourless silvery crystals, easily solublfr 
inaloohol, ether, and bpnzene, nearly insoluble 1m 
water; formed by saponification of its ether, or' 
by heating the (a)-isomer to its boiling point. 

Ethyl-Ether 0,H 2 (0Et),.C,H 2 .C0 2 Et 
[75°], glistening tables, easily soluble in alcohol,. 
ether and benzefie, inlbluble in water, distils 
undecomposed above 360° ; prepared by heating. 
di-ethyl-iosculctin with ethyl iodide and eodium 
ethylate at 100° for 8 hours; it is also formed 
by heating the (o)-isomeric ether to its boiling, 
point (Will, B. 16, 2108). 

2ESCULETIN 

,CH:CH 

C 8 H u 0 4 , i.e. C u H.,(OH).< | 

\0 . CO 

Occurs in very small quantity in horse-chestnut’ 
bark. Formed by the action of dilute acids or 
of emulsin on icsculin (Itochleder, J. 1803, 589). 

1’reparation .—A solution of lesculin in warm 
strong hydrochloric acid is boiled till it solidifies 
to a crystalline pulp; this after washing with 
water is dissolved in warm alcohol; the solution 
precipitated with lead acetate; the precipitate 
of lead-a.'sculetin is washed with alcohol and 
afterwards with boiling water, then suspended 
in boiling water and decomposed by hydrogen 
sulphide; the liquid is filtered at boiling heat; 
and the icsculetin which separates on cooling is 
recrystallised (Zwengcr, A. 90, 03). 

IVoperf/<?$.—Very thin shining needles or 
scales consisting of C 9 II ti 0 4 ,H 2 0; bitter, slightly 
soluble in cold, more soluble in warm, water and 
alcohol, nearly insoluble in ether. Aqueous 
solution exhibits a very faint blue fluorescenoe, 
considerably exalted, however, by addition of a 
small quantity of ammonium carbonate. Deep 
green coloration with ferric chloride; yellow 
precipitate with lead acetate. dSsculetin dis- 
solves in hydrochloric acid; and is oxidised by 
nitric acid to oxalio acid. By boiling with very 
strong potash-lye, it is converted into formic, 
oxalic, protocatechuic, and a>scioxalio acids; by 
sodium amalgam into icsciorcinol. 

A hydrate C„H h 0 4 4IL0, isomeric with 
daphnetin, occurs in horse-chestnut bark in 
larger quantity than anhydrous rosouletin. It 
is Jess solublo in water than the latteif and 
crystallises therefrom in small granules. Sub¬ 
limes at 203°, and melts abovo 250°, converted 
into icsculetin by heating at 200° in C0 2 ~streaxn, 
also when crystallised from hot hydrochloric' 
acid or from absolute alcohol mixed with strong, 
hydrochloric acid (Itochleder, J. 1863, 588). 

/Esculetin unites with MgO (Schiff, B. 18,. 
1951), and with solution of lead acetate forma.' 
a lemon-yellow precipitate having the compoaU 
lion PbC u II 4 0 4 (Zwenger, A. 0G, 63). - . .. • 

D iacctyl msc ulct in C ls H 10 O fl i.e. C 9 H 4 Aoj,0 4 , 
[134°] formed by treating icsculetin with acetic 
anhydride and sodium acetate. Crystallises frop 
alcohol in prisms; from water in neelMea^ dis¬ 
solves in alcohol and ether; is not coloured by 
ferric chloride; is easily saponified by heating 
with strong sulphurio acid at 30° to 40° (Nach- 
bauer, A. 107, 248). 

-v Broviocesculetins. — C„H 4 Br i f) i , formed 
by treating dibromocsculin with strong sulphurio v 
acid, crystallises from alcohol in yellowish 
needles melting at 233°, ^lightly soluble 
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water.—CyEy5r,0 4 , formed by adding bromine 
to a hot solution ot aSouletin in glacial aoetio 
acid, crystallises from alcohol in long yellow 
needles, melting with decomposition at 240° 
(Liebermann a. Knietsoh, B. 13,1591). 

Bi-aeetyl-di-bromo-ass cute tin 
C 11 H s Br 2 0,i.e.0 8 H 2 Ao.3r,0 ) [177 0 ]. 
Formed by acetylation of ui-brom-ajsculetin 
crystallises from alcohol in slender needles. 

Di-aeetyl-tri-bromo-as cute tin 
C„H,Br,0, i.e. 0,HAcdlr,0 ( , formed by acetyla¬ 
tion of tri-bromaisouletin, or by bromination of 
diacotylassculetin, crystallises in long very thin 
needles, melting, with decomposition at 180°- 
182° ; insoluble in water (L. and K.; Liebermann 
a. Mastbaum, B. 14, 475). 

Methyl-asculetin C,„H,O t i. e. 
0,H 4 0 2 (0H)(0Me) [184°] is formed by heating 
(esculetin (6 pts.) with methyl iodide (15 pts.) and 
KOH (4 pts.) dissolved in a small quantity of 
methyl alcohol till tho liquid becomes neutral. 
On treating tho product, after the greater part of 
the methyl alcohol has been given off, with 
water and hydrochloric acid, mcthylresculetin 
crystallises out, while dimcthyliesculetin re¬ 
mains in solution. 

Shining needles. Soluble in cold dilute 
alkalis and in ammonia, and precipitated there¬ 
from by acids. Decomposed by boiling aqueous 
alkalis like tesculetin. Insoluble in cold, but 
soluble in hot water; easily solublo in alcohol, 
ether and benzene, insoluble in light petroleum 
(Tiemann a. Will, B. 15, 2075). 

Dimothylasculttin, c. 

0,H,0 a (0Me)j [144°], is deposited from the 
mother-liquor of tho preceding compound on 
addition of ammonia. Shining needles. Easily 
soluble in alcohol, ether, and benzene, nearly 
insoluble in light petroleum; insoluble in cold, 
soluble in hot, water. Dissolved by H..SO, and 
precipitated by water. H. \\. 

Ethyl-asculetin C a H,0 2 (OH) (OEt) 
[143°], colourless crystals, soluble in alcohol, 
ether, benzene, alkalis, and hot water, insoluble 
in cold water. 

Di-ethyl-cesculetin C,H,C4<(OEt); 

[109°], colourless silvery plates, soluble in alco¬ 
hol, gther, aud benzene, sparingly in hot water, 
insoluble in cold water and cold aqueous alkalis 
,(Will, B. 16, 2106). 

Constitution— jEsculctin contains two hy- 
.droxyls, for it forms a di-acetyl derivative. Tho 
formation of protocatechuic and of tri-ethoxy- 
propionic acids and of tri-ethoxy-benzoie aide- 
hyae from scsculetin and tri-ethyl-iesculetio 
acids respectively show them to be aromatic 
bodies. If we compare tho formula for coti- 
marin udibelliferon, 0,11,0., and ibsou- 

letin, 0,11,0,, we see that the two latter may bo 
regarded as oxy- and di-oxy-coumarin. That 
umbelliferon is oxy-coumarin has been proved 
by synthesis (Tiemann a. Reimer, B. 12, 993). 
All three bodies are fluorescent in alkaline solu¬ 
tion, but methyl-umbclliferon, C„H s 0 2 (0Me) and 
raethyl-aesculetin fluoresco more strongly than 
umbelliferon and (esculetin respectively, while 
di-methyl-1, sculetin, C,H 4 O a (OMe) 2 , fluoresces 
most strongly of all. ' 

Wnen coumarin (1 mol.) is evaporated with 
c KaOH (2 mols.) and the residue digested with 


MeOH and Mel, It takas up the elements of 
Me„0, beooming methylio'methyl-o-ooumarate j 
-CH.CH 

0,H,< | + 2K»H + 2MeI- 0 

- \Q.00 * * 

C JT 4 (OK) .OH :CH.C0 2 K + H a O + 2MeI - 

O a H 4 (OMe).OmCH.C0 2 Me + H a O + 2EX 
But two isomerides may be got in this way, one, 
(a), when excess of Mel is avoided and the diges¬ 
tion is for 3 hours at 100°, tho other (8)by di¬ 
gesting for a longer time at 150° (W. H. Perkin, 
C. J. 31, 417; 39, 409). Precisely the same re¬ 
action occurs when di-ethyl-ffisculetin is digested 
with NaOEt and EtI, the two isomerio ethers, 
C,H 4 (OEt) a .CH:CII.C0 2 Et, being formed, the (a) 
compound when excess of EtI is avoided and 
tho heating kept up for only four hours, the (8) 
compound by more prolonged heating. In both 
cases tho (a) compounds are changed by distil¬ 
lation into tho (8) compounds. These reactions 
indicato analogous structure. 

It is however, remarkable that di-methyl- 
eeseuletin does not form a dibromido as oou- 
marin does. 

Paracesculetin.—C,1I S 0 4 (?).—Obtained by 
treating arseuletin with aqueous NaHSO,, at 
boiling heat, then adding rather dilute sulphuric 
aeid and afterwards alcohol, whereby Na a SO, is 
tirst thrown down, and then the compound 
C,H,0„NaIIS0 a , which when decomposed by 
sulphurio aeid yields hydrated parassseuletin 
0„H s 0„2in.,0 in indistinct crystals easily soluble 
in water, sparingly in other, more freely in aloo- 
hol, less easily in wood-spirit, nearly insoluble 
in acetone and chloroform, soluble in glacial 
acetic acid. Parauisculctin exerts a strong re¬ 
ducing action in alkaline solution, throws 
down metallic copper from Fehling’s solution at 
50°-70°, and reduces indigo at ordinal^ tempera¬ 
ture. Not attacked by acetic anhydride. Ex¬ 
posed in tiie moist state to ammonia-vapour, it 
quickly turns red, then dingy-violet, and changes 
after a few minutes to a sky-bluo liquid, which 
when left over sulphurio acid gives oil ammonia, 
and again turns rea, from formation of sescioroein 
(p. 65). Converted by heating with aniline into 
(esculetanilide(Roehlcder, J.18G3,589; 1867,752). 

C„TI s O l ,NaHSO ; „ 1 ,H..O forms small needles. 
According to Liebermann a. Knietsoh [J. 1880, 
1028), the true formula of this compound is 
C,H,O t ,NaHSO a ; it probably therefore contains 
a hvdro-mscuietin. H. W. 

1ESCULIN C 1: ,I1„0 # [2045°-205°] (H. 

Schiif, J). 14, 302).--Occurs in the bark of th« 
horsechestnut (sEsculus Uippocastanum) es¬ 
pecially in March before tho buds open (Minor, 
B. J. 12, 274 ; Jonas, A. 15, 266). 

Preparation.—1. Horsechestnut bark is ex¬ 
hausted by boiling with water; the extract is 
precipitated with lead acetdle, and the filtrate, 
freed from lead by hydrogen sulphide, is evapo¬ 
rated to a syrup. ’ The ossculin then crystallises 
out after a few days, and may bo purified by 
washing with water, and crystallising, first from 
weak spirit (40 p.c.), then from boiling water 
(Rochleder a. Schwarz, A. 87, 186).--2. The 
bark is exhausted with weak aqueous ammonia; 
the solution evaporated to dryness; the residue, 
mixed with alumina and exhausted witl? alcohol 
of 95 pfb.; and the sesoulin which crystallises 
from the •alcohol is agitated with water and 
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ether, and finally washed with benzene' (Fair- 
tUome, C. N. 28, 4). 

t Properties.— Small prisms, composed oi 
0„H„0 ( ,2H ? 0» Bitter, sparingly soluble iu cold, 
easily in boiling water, the solution coa#ilating 
on cooling. 1 pt. dissolve in 24 pts. boiling 
alcohol. Very slightly soluble in absolute ether, 
soluble in glacial acetic acid and ethyl acetate 
(Trommsdorff, A. 14, 200). The aqueous solu¬ 
tion iB slightly acid, and exhibits a blue fluores¬ 
cence which disappears on addition of acids, 
but is restored by alkalis. Dissolves in alkalis 
more readily than in water. 

Reactions. —1. ASsculin is resolved at 230° 
into glucosan and Esculetin : C, s H, b O„ = 
C,H 10 O s + C„H a O,(Schiff) ; by digestion with 
dilute mineral acids or by treatment with 
emulsin, into glucose and icsculetin (ltochlcder 
a. Schwarz, A, 88,356); by boiling with baryta- 
water into glucose and tesculetic acid (Bocbleder 
J. pr. 69, 211).—2. Converted by sodium- 
amalgam into hydrsesculin (ltochlcder).—3. 
Agitated with a small quantity of nitrio acid, it 
yields a yellow solution which assumes a deep 
blood-red colour on addition of ammonia, this 
•reaction affords a delicate test for icsculin 
(Sonnenschein).—3. Cone. H,SO, (4 drops) 
followed by NaOClAq gives a violet colour (Itaby, 
J. Ph. [5] 9, 402). 

AUsculin forms with magnesia, the compound 
2C, s H 1> 0„Mg(OH) 2 , which is yellow and dis¬ 
solves readily in water (Schiff, B. 13,1952). 

Pentacetylasculin 

C.,H, i; O m i.e. C, i H JI Ac,,0„. 

Formed by heating msculin with acetic oxide 
crystallises from alcohol in small needles melt¬ 
ing at 130° (Schiff, A. 161, 73 ; B. 13,1952). 

Di-bpojno-cesculin C| 5 n„Br 2 0,. 

Is obtained by gradually adding bromino in 
calculated quantity to a solution of u/sculin in 
glacial acetic acid. Crystallises from glacial 
acotic acid in small needles; melts and decom¬ 
poses at 193°-105°. Sparingly soluble in alcohol, 
still less in all other solvents (Liebermann 
a. Knietseh, B. 13,1594). 

P entacetyl -dibr omo -asculin 
C^H^Br./),, i.e. CjJTBr-Ac.O,,, prepared in like 
manner from dibromacsculin, forms slender 
needles, molting at 203°-206°, converted by 
strong sulphuric acid into dibromn'sculetin. 

Pentabcnzoylasculin C M II.,„O u i.e. 
C,jH n Bz s O s , forms nodular groups of crystals 
sparingly soluble in ether, freely in hot alcohol 
(Schiff). 

Trianilassculin 

C„H,|N 1 O a i.e. C| S H| a (NC,H s ),0„fromn3Sculinand 
aniline by prolonged heating at 200“. Amor¬ 
phous brown powdor, soluble with red colour in 
alcohol (Schiff, if.«4, 472). It. W. 

.ETHAL v . Ckxvl Alcohol. 

ASTHOXIRRIN. The yellow colouring matter 
of the flowers of Antirrhinum Linafia. H. IV. 

AFFINITT.—Chemical affinity is that pro¬ 
perty of bodies in virtue of which, when brought 
into contact, they react onveach other, forming 
new bodies. It can bo called a force, in so far 
as by its action energy is produced, namely, heat, 
light, electrical or mechanical energy. And, 
trice versd, energy must be employed tp reverse 
the action of chemical affinity, and to decompose 
the combined substances. 


m 

Nothing is known as yet about the nature of 
chemical affinity, norhas a satisfactory hypothesis 
been suggested conceiting it. The oldest con¬ 
ceptions concerning the reasons why substances 
react on each other reach back to Greek philo¬ 
sophy ; nothing has survived of them except the 
name affinity, wfcich pjeserves the notion that 
those substances which are of the same origin or 
of the same kind, and whioh therefore are as it 
were related to each other, possess the power of 
mutual reaction. It is now known that the con- 
trary of this is more correct. Moreover, the 
reason of the greater or smaller facility with 
which substances react chemically was conceived 
to be somewhat similar to human qualities—sym¬ 
pathy and antipathy. These conceptions held 
sway as long as the philosophy of Aristotle 
reigned. The breach with these ideas, whioh was 
brought about by Galileo’s mechanics, intro¬ 
duced mechanical ideas into chemistry also. 
The ultimate particles of substances were ima¬ 
gined as furnished with points, edges, and hooks, 
by tho aid of which were brought about their 
decompositions and combinations. Sir Isaac 
Newton's discovery of tho general mutual action 
of masses introduced a new phase into the con¬ 
ception of nature. The idea of an attractive 
action between one small particlo and another at 
a distance was introduced by Newton himself 
into chemistry, in order to explain the mutual 
reactions of bodies. lie did not, however, con¬ 
sider tho cause of chemical actions as identical 
with that of general gravitation, but as different 
from it, especially as regards tho law concerning 
action at a distance. 

Later investigators, Buffor., Bergmann, Ber- 
thollet, assumed, on tho contrary, that both 
forces are of the same nature, and that only the 
circumstances under which chemical forces aot— 
especially the close proximity of the reacting 
particles - cause an apparent difference. 

An influence similar to that due to Newton’s 
astronomical discovery was exerted at the be¬ 
ginning of this century by a physical discovery, 
that of the electric current. The great chemical 
activity of tho current was soon noticed. By its 
help Davy d?composod the alkalis and earths; 
and Berzelius made uso of the phenomena of 
electrical decomposition for tho foundation of a 
theory concerning chemical compounds, which 
rested on the supposition that chemical altrao-. 
tion was nothing but tho attraction of the oppo¬ 
site electricities concentrated on the smallest 
parts of substances. 

The electro-chemical theory of Berzelius was 
the first chemical theory whioh was based on 
facts. Owing to this it obtained great import¬ 
ance. Taking into account the needs of the 
time, Berzelius developed his theory only with a 
view towards classification; but it did not con- 
tribute anything towards tho investigation of ths 
nature of chemical affinity. . 

Tho last great change in the view! concern, 
ing affinity took place in the middle «f this cen¬ 
tury, and was brought about by Mayer’s and 
Joule's discovery of the equivalence of ‘foroes,’ 
or more strictly, of 1 the actions oi forces. 1 It 
"/as recognised that chemical affinity was to be 
classed with mechanical, electrical, and thermal, 
energy, in so far as it is convertible into any of 
these, and oan be produced from each of ther* 
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Whenthie wasknown.i * need to trace hack the t^t comnoanfif aocordin^to fixed proportion! 
mode of action of the forces of affinity to o$$r do not exist, bat only suoh as vary in oomposi, 
known actions offoroeB •ceased to exist, as a tion within filed limits—was,proved to be false, 
greet many inferences could bo drawn from this The proof of this error which cwas given by 
experimental'fact, and a special hypothesis did Proust* Bertholfct’a compatriot, brought also 
not seem called for. the correct foundation into discredit. To thia 

Tsg) different views have bran held concern- must be added, that in the discoveries of Eichter, 
ing the way in which Chemical forces net, and Dalton, and Berzelius, the science found such 
each of these has still its followers at the present important and productive tasks that there was 
day. First it was imagined that the force acting no inducement to investigate what of truth was 
between two different kinds of matter is similar left in the partially refuted hypothesis of Bor- 
to that acting between two masses ; it brings tliollet. The idea of 1 influence of mass ’ is the 
the ultimate particles nearer together, and, if first, bnt not the only, conception which the 
under the given circumstances this is possible, it science owes to Berthollet. This chemist fur- 
produces combination. It would be difficult to ther recognised the decided influence of the 
entertain different ideas concerning the simple physical states of the reacting bodies on the 
process of combination. The task becomes far Anal results of tlio actions of affinity. He 
more difficult when it is a question of simulta- ] taught that the simple action, according to the 
neous decomposition and combination. Vory measure of affinity and mass, holds only for 
often a substance acts on another which is a homogeneous mixtures, but holds no longer when 
compound without combining with it as a whole, by the appearance of certain substances in a 
but only combining with one of its constituent different state of aggregation tho chemical oqui- 
parts, and expelling the other from the original librium is disturbed. The influence of 1 cohesion' 
compound. The hypothesis indicated above re- ami ‘ ilasticiti,' on tho results of chemical ac- 
fers these facts to the opposite action of two tions, wore explained by him perfectly clearly; 
forces, similar to two mechanical forces opposite how first equilibrium is established in the usual. 


in direction and unequal in magnitude, which 
produce motion in tho direction of the greater. 
It was imagined that the stronger chemical 
affinity overcame the weaker, and produced 
chemical action in its own direction. 

It was in accordance with this conception that 
‘tables of affinity ’ were compiled which were to 
give an account of the force of chemical affinity 
according to its order. Such tables were first 
published in 1718 by II. Geoffrey. They con¬ 
tained, under tho head of any one substance, a 
series of others, all of which could enter into 
chemical combination with the specified body. 
They were so arranged that the preceding body 
would always replace all the following bodiesfrom 
their combinations with the one at tho head of 
the list. Such tables of affinity, which were very 
' popular during the last century, culminated in tho 
works of Bergmann, who collected the ideas in¬ 
dicated above in a theory of affinity. Bergmann 
recognised that snbstances can react differently 
according to circumstances, and therefore ho 
gave ifto tables for each substance, ono for the 
action in aqueous solution—‘in the wet way 
the other for the action at the temperature of 
fusion—‘ in the dry way.' Beyond this he kept 
'to the idea that chemical affinity always acts 
exclusively in one direction, so that under ail 
circumstances a smaller affinity is overcome by 
Si greater. 

, To Claude Louis Berthollet is due the great 
merit of having shown this view to be too nar¬ 
row. According to l ’him, besides ‘the intensity 
of the forces,’ the ‘mass’ of tho reacting sub¬ 
stances is of importance, in so far as under the 
g,||me conditions the action is the greater the more 
Aacfing substances there is present. ‘ Touts 
||§M stance gui tend d entrer en combinaison, agit 
gpi raison as son affiniti et de sa quantiti ’ (Sta- 
fftiqus chimique, p. 2). This is the concise expres- 
sion of the new idea which Berthollet introduced 
into the theo% of affinity. But it was reserved four 
a much clater time to develop this idea ecienti-f 
fioally, since one of the chief applications which 
ifc author mads of it—namely, the inference | 


manner, but is afterwards disturbed by ono of 
the substances separating out in a different state 
of aggregation; in consequence of this, a fresh 
quantity of this substance is formed, and is 
again separated, and thus the process repeats 
itself until the substanco in question—gaseous 
or solid —has been entirely, or almost entirely, 
removed from the changing system. A ehemioal 
reaction carried to completion, which had been 
taken by Bergmann to bo tho normal case, ap¬ 
pears, according to Berthollet, as the exceptional 
case, and occurs only bccauso of differences in 
tho states of aggregation’of tho reacting sub¬ 
stances. 

Tho decision between these two fundamen¬ 
tally different views has not yet been completely 
made. Even now, Bergmann’s theory is pro- 
pounded by some investigators, though in a 
somewhat modified form. In place of the 
greater or smaller affinity, the greater or smaller 
production of heat is considered by these inves¬ 
tigators as decisive of the course of a chemical 
action ; the fundamental idea, however, the ‘ ex¬ 
clusiveness ’ of the reaotion, is presupposed by 
them also. In order to explain those partial re¬ 
actions in the opposite direction, which certainly 
occur, those who maintain the theory of Berg¬ 
mann are obliged to admit that such partial re¬ 
actions are possible under cortain conditions, 
notably under tho influence of heat. These 
authorities are therefore under tho necessity of 
proving the prcscnco of such special conditions 
in all those cases wherein wev&eal with incom¬ 
plete reactions. Berthollet’s theory, on the 
other hand, by making uso of one and the same 
principle, embraces both kinds of ohemical ac¬ 
tion, and teaches us to oonsider the one as the 


limiting case of the other. Apart from this 
logical advantage itjjas another; it allows ns 
to apply definite laws, which can be.Btated in a 
mathematical form, to the action of affinity 
taken in conjunction with the action ofimass. 
But this cannot bo done by Bergmann’s theory; 
whether in its old or in its new form, . ^ 
'-^BertholWVs views met with respect and ap- 
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predation from me epmempottuaef, out not with 
continuation and development; because che¬ 
mistry began at tips time to follow another path 
which had been opened up by Dalton and Ber- 
Eeliufl. Thus it was possible# for theofunda- 
mental fact of the influence of mass, the fact, 
namely, that chemical action decreases and in¬ 
creases with the relative quantities of the acting 
Bubstahces, to be denied; and it became neces¬ 
sary to prove this fact at length by many special 
cases before it could be regarded as a securo 
property of science. One of the first investi¬ 
gators to whom the merit of this proof is duo 
was H. Rose (P. 82, 515), who showed that in 
the formation of many carbonates of the heavy 
metals, by precipitating aqueous solutions of the 
salts of these metals by sodium carbonate, the 
precipitates contained less carbonic acid and 
more metallic hydroxido the more water was 
present in the original solutions. It followed 
therefore that the water, according to its quantity, 
expelled the carbonic acid from its combination 
with the metal. Rose found further (P. 91,481; 
95, 96) that when barium sulphate was fused 
with an equivalent quantity of potassium car- 

• bouate it was only partially converted into car¬ 
bonate. If the quantity of potassium carbonate 
was increased, appreciably more barium sulphate 
was decomposed, but only with a proportion of 
6 to 7 equivalents did the decomposition become 
approximately complete. 

Anothor case of the influence of mass was 
investigated by Bunsen (A. 85, 131). If to a 
mixture of carbonic oxide and hydrogen a 
quantity of oxygon is added, less than sufficient 
for the complete combustion of the two gases, a 
division of the oxygen between the two com¬ 
bustible gases take place. The proportion in 
which ttie oxygen Combines with either gas 
depends on the relative masses of these gases. 
Bunsen’s further result, that these proportions 
can be expressed by some small multiples of 
the atomic weights of the gases, has been re¬ 
cognised to bo an error. el)ebus (.4. 85, 103) 
proved in Bunsen’s laboratory the fact of the 
influence of mass on the precipitation of mixed 
solutions of lime and baryta by insufficient quan¬ 
tities of carbonic acid. In 1865 Gladstone (Tr. 
1855, 179; and G. J. 9, 54) proved the general 
truth of the influence of mass in various ways. 
His method consisted in using certain definite 
physical properties, especially colour, and the 
rotation of the piano of polarisation of a ray of 
light, from measurements of which to draw con¬ 
clusions concerning the arrangement of com¬ 
pounds in a homogeneous solution. Thus, by 
comparing the colour of pure ferric sulphoeyanide 
with the colour produced in mixed solutions of 
Iron salts and pdtassium sulphoeyanide, the same 
amount of iron being present in both solutions, 
he established the fact, that by the reaction of 
three equivalents of potassium Sulphoeyanide 
and one equivalent of an iron salt, only 13 per 
cent; of ferric sulphoeyanide was formed, and 
that even in the presenc%of 375 equivalents of 
potassium sulphoeyanide the whole of the iron 
had not been converted into sulphocyanido. 

By this and similar methods Gladstone esta-f 
Wished the following laws t 

When two or more binary compounds are 

• lafcied so that all resulting compounds have Jhe 


power of reacting on each other, each electro¬ 
positive element enters into combination with 
each ' electronegative element, and it does bo 
according to fixed and constant proportions. 

2. These proportions are independent of the 
manner in which the different elemonts are ini¬ 
tially arranged. They are also not only the 
resultants of th§ various forces of attraction 
between the different substances, but depend 
also on the mass of each of these substances. 

3. An alteration in the mass of one of the 
binary compounds produces a change in the 
quantity of each of the other binary compounds, 
and it does so in a ratio which progresses regu¬ 
larly. Sudden changes occur only when a sub¬ 
stance can combine with another in more than 
one proportion. 

4. The equilibrium of affinities is generally 
established alter a very short time, but in some 
cases the elements attain their final condition 
only after hours. 

5. The resulting effects are completely al¬ 
tered when precipitation, volatilisation, crystal¬ 
lisation, and similar phenomena, occur; in such 
cases the. equilibrium which had been established 
at first is again disturbed by the removal of 
some of the chemically active substances. 

Harcourt and Esson (C. J. [2] 5, 460) ex¬ 
amined the reaction between hydrogen peroxide 
and hydriodic acid, and also that between potas¬ 
sium permanganate and oxalic and sulphurio 
acids. They concluded that ‘ when any substance 
is undergoing a chemical change, of which no 
condition varies except the diminution of tho 
changing substance, the amount of change oc¬ 
curring at any moment is directly proportional 
' to the quantity of the substance.* 
i The principle, first established bySteinheil 
' (A. 48,153), of determining the chemical com¬ 
position of a homogeneous liquid by means of 
: physical measurements, was put to practical 
i use by Gladstone in various ways. His measure- 
| ments might have served as a direct basis of a 
. theory concerning tho influence of mass, had 
I such a theory existed. But even the extensive 
j investigations of Berthollet and St. Giles on the 
! etherification of acids and alcohols [A. Ch. 61, 

! 65 ; 66, 68), by which the chemical influence of 
mass had been confirmed and the magnitude of 
this influence had been measured, did not give 
rise to the formulation of a mathematical theory 
of affinity. 

Meanwhile a number of theoretical concep- • 
tions, some of old standing, were pointing ui . 
the same direction. As far back as 1851 r Wil¬ 
liamson {A. 77, 37; and G. J. 4, 110) ia hi* 
fundamental researches on etherification, baa 
propounded a theory concerning the oourse of 
chemical reactions, which explained, better than . 
had been done before, the nature of the chemical 
influence of mass. According to him, substanoaa 
which react on eaoh other, when in contact at 
mixed together, are by no means im a «stai& of 
neutral equilibrium, but rather in one involving 
a continuous exchange of constituents. Tim 
final result of the reaction depends on the direc¬ 
tion in which thiB exchange of constituents con 
take plaoe most easily and most frequently. T 90 
state of chemical equilibrium arrived # at under 
any conditions ia thus not a statical one, in which 
the forces balance each other and so no zo^t 
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produoe any effect) but is rather ft dynamical At the same time as theft hypotheses coo* 
state, in which two opposite reactions occur con- corning the mechanism of chemical processes 
tinually to the same extent, so that the average were developed, Guldberg amd Waage (Etude J* 
state of the system remains .the same. sur lea AffiniUs chimiques t Christiania, 1867) 

Williamson’s theory was accepted for the laid tlfe foundafton for the exact development of 
special case for which it had been propounded, the theory of affin^y by establishing a mathe- 
Neitherthe author nor any of liis contemporaries, matical law for the influence of mass. Their 
however, made an application of it to the general work marks an epoch in the history of affinity, 
explanation of chemical reactions. Meanwhile, It was they who first gave a possibility of deter- 
hypotheses were developed on an entirely mining numerically the intensity of chemioal 
different basis, which agreed with this theory in affinities, though at first only as relative magm¬ 
as most remarkable manner. These are the tudes. 

views concerning the gaseous state, which, first The law established by these two investigators 

propounded by D. Bernoulli, and afterwards, in- states * that chemical action is proportional to 
dependency, by Hcrapath, Joule, Kronig, and the active masses of each of the substances 
Clausius, were developed by Clausius and Max- participating in the reaction.’ By 4 active mass • 
well in a mathematically well-founded theory of is understood that quantity of the substance 
the states of aggregation. According to this participating in the reaction, measured in 
theory, bodies are made up of molecules, which equivalents or in molecular weights, which is 
are in a state of continual motion. In the case contained in unit volume of the system. This 
of gases this motion is rectilinear, until the is the same idea as underlay the views of 
molecules meet with some resistance, whereby Berthollet; it is the same, only freed from the 
they are caused to rebound according to the laws errors which were attached to it in liis time and 
of collision of elastic bodies. The velocity of thrown into an exact mathematical form, 
motion increases with the temperature, and is Guldberg and Waage lay special stress on the 
inversely proportional to the square root of the fact that, when the action of several substances 11 
molecular weight of the gaseous body. Like- j on each other is proportional to the active mass 
wise, there is motion within the molecules, which of each separately, the intensity of the reciprocal 
motion is of the nature of oscillations, the in- actions among the substances is measured by the 
tensity of which bears a constant ratio to the product of these masses. 

motion of the molecule as a whole. Moreover, In their earlier paper Guldberg and Waage 
at any specified temperature, the molecules of a developed the equations for the chemical equili- 
homogencous gas have not all the same velocity, brium of opposite reactions by putting the 
but have different velocities varying from the chemical forces as proportional to the product 
mean value in such a manner that deviations from of the active masses. On the other hand, as 
this value are the fewer the greater they are. proportional to these same forces they put the 
In the case of liquids, the molecules have no velocities of the reactions, i.e. the relation be- 
longer the power of translational motion, but tween the quantity of substance chugged and 
are compelled to fill a definite space owing to the time necessary to effect the change. In 
the forces which act between them. In other their later papers it was found better to refer the 
respects the statements made for gases hold good considerations, not to the forces, but to the 
for liquids also, especially those referring to the velocities of the reactions, since these are capable 
differences of condition of the various molecules of exact definition, anil to leave out of account 
of a homogeneous substance at a constant tern- altogether the some#hat vague idea of chemical 
perature. The theory has been least developed forces. According to this conception, chemical 
for the case of solids; here it is to be assumed equilibrium results when the velocities of the 
that the intermolccular forces assign to the opposite reactions have become equal, i.e. when 
various molecules very definite relative positions the quantity of substance undergoing a certain 
of equflibrium (v. Aggregation, States of, p. 87). change is equal to the quantity formed by the 
The application of these ideas to chemical reverse process. It is evident that this is the 
processes has been made by L. Pfaundler (P. same theory as had been framed by Williamson, 
131, 55). It can easily be seen how they directly and developed by Pfaundler. The empirical 
lead to conceptions which do not appreciably law of the influence of mass thus receives a 
differ from those of Williamson. The molecular reasonable foundation in the molecular theory 
conceptions are, however, a decided improve- of matter. The effect is proportional to the 
menfc on those of Williamson, since, in the active mass, because the number of molecules 
differences of the conditions of various mole- which can react is proportional to the mass, 
cules, they supply g reason for the continuous On these lines Van’t Hoff ( B . 10, 669) has de- 
interchange of atoms which Williamson supposed duced the law of the iniluciftfe of mass. He 
to occur. When the velocity of motion exceeds retains exactly the form given to it by Guldberg 
a certain amount, there will always be present and Waage ; and in a later paper (J. pr. [2] 19, 
some molecules in which this velocity is so great 69) these authors accepted this formal improve* 
that tfle Tonnection between tho atoms is inent. 

loosened o$ destroyed. These molecules are In the following part I propose to give a short 
then ready to interchange their constituent systematic review ofrchemical kinetics, or the 
atoms, while other molecules, which have a doctrino of the course of chemical actions, and 
smaller yelomty, will not do so. This is the to deduce from it the conditions and equations 
explanation ior partial reactions. The same(.of chemical equilibrium; further on, the*theo- 
oonceptifns, when slightly modified, lend them- ' rctical conceptions thuB gained will be used in 
selves to the explanation of the influence of mass the practical determination of the magnitndes ol 
*#fl to that of reversible reactions. a unities, The theoretical part is based mainly 



<m (lit paper of Guldkerg and Yfeage mentioned 
above. A book recently published by Van’t 
Vott {Etudes de Punamique chi/mique) is also 
pi importanoegand has been of great use to the 
author, though he by no mean* agrees wjfh the 
whole of its eontents. 0 

Ohemioai, Kinetics.—L et us suppose some 
substance to be undergoing chemical change. 
Then in any time, dt, some quantity, dx, will 
have been changed. Wo define the velocity of 
the ohemical reaction, c, as the ratio of the 
quantity changed to the time taken for the 

change, and we therefore put c = The quan¬ 
tities of the reacting substances are in every 
case measured by formula-weights. 

The quantity of substance changed will be 
dependent on many conditions. Among these 
we find such as are constant, or can be kept 
constant, during the whole process. Such are 
temperature, pressure, volume, &c. One condi¬ 
tion, namely, the quantity of substance under¬ 
going change, necessarily varies during the pro¬ 
cess, and we have to find an expression for the 
velocity of the change as a function of this 
•quantity. This may be done by putting 

e ~jr kf 

where the constant factor k represents the con¬ 
stant conditions, and f the conditions vary¬ 
ing with tho quantities a-,, x 2 . . . . Concerning 
the form of the function / (x t x.) information lias 
been sought and found in various ways. All 
tho results arrived at are concordant, and show 
the function to bo one of direct proportion. This 
result has been arrived at empirically, and also 
theoretically as a deduction from various assump¬ 
tions. ChildbergandsWaage did the first; Horst- 
mann, and others after him, showed that for 
oertain cases, especially for gaseous compounds, 
tho law of direct proportionality betwcon chemical 
action and mass follows as a necessary conse¬ 
quence from the second laijof thermodynamics. 
Gibbs has made this result perfectly general. 
The kinetical theory of the oonstit ution of matter 
leads to tho same result, by considering the pro¬ 
babilities for tho occurrence of those arrange¬ 
ments of particles which make chemical change 
possible. 

Before, however, the proof for the law of 
direct proportion between ohemical action and 
mass can bo attempted we must distinguish be¬ 
tween the various types of chemical reactions. 
As a rule, ohemical action does not take place in 
the presence of one substance only, but more 
than one is needed to bring about the final result. 
Since the final result is proportional to the mass 
of each separatajy, we have quite generally 

^k,x u x i ,x„x. .. 

where x v x 2 , x . . are the qi*mtities of tho 

various substances, and x the quantity of sub- 
stanoe formed by their reaction. All these quan¬ 
tities are measured aeconjjng to the ratios of the 
molecular weights of tho various substances. 

The simplest case is that in which one sub- 
stance only undergoes change during the reac-. 
tion, or that in which the chango of only one. 
substance has to be taken into account. The 
first ease oeonrs when, for exampte, a substanne 


is decomposed, or when it undergoes a molecular 
transformation; the seoond occurs when the 
other substances participating in the reaction are 
present in suoh quantities that the diminution of 
them occasioned bylhe chemical change is not ap¬ 
preciable. Since, then, the factors x„ ... x 
disappear or become constant, ws have 


Tho velocity of the reaction at any instant is 
proportional to that quantity of substance un¬ 
dergoing chango which is still within the sphere 
of action. 

This equation was first established by Wil- 
helmi (P. 81, 413) in 1850 for tho inversion of 
cano-sugar. Since that time it has been con¬ 
firmed in many ways. In order to compare it 
with the empirical results it must be integrated. 
If we put tho quantity of substance present at 
the beginning of tho change = q, then, after any 
time t, a quantity * will be decomposed, and, 
sinco we are dealing with molecular units, x will 
at the same time represent the quantity of the 
product of decomposition formed. The quantity 
x t of substance present at tho time t is (o— x), 
and we have therefore 

I-*(»-*) w 

a—x 

—log (a -x)^k.t + constant, 
whore log represents the natural logarithm. In 
order to determine the constant of integration, a 
definite pair of values for x andt must be taken. 
We put both simultaneously equal to zero, i.e. 
we begin tho time from the instant when the 
decomposition begins, and thence we get 
— log a ~ constant, and 

log d —log [cl—x') — log m 

In order to pass from the natural to the common 
logarithms we have only to multiply the con¬ 
stant k by its modulus. 

Some series of experiments illustrative of 
this equation will now be given. The first of 
• these refers to a simple decomposition, the 
j change of dibromosuccinio acid into dibromo- 
maleic acid and hydrobromic acid, 9 

C,H JBr a (COOH) 2 = (XI IBr (COOH) 2 + HBr, 
a chango which occurs in aqueous solution at 
100 \ This reaction has been studied by Van’t 
Hoff [Etudes de Dynamiqm chimique, p. 18). 
The progress of tho decomposition can be traced 
by titrating with standard alkali. The amount 
of alkali required for neutralisation before the 
action began was 10-25 (arbitrary units), and 
when the chango was finished the amount of 
alkali was 15*32. Tho eacess of alkali used, 
over 10-21, at any stage of tho change is put as 
equal to x. For a we have 6*11, since two 
equivalents of dibromosuccinio acid give one 
equivalent of hydrobromic acid. Va^’t §ofife re¬ 
sults are presented in the table given on next page. 
Tho constancy of the Vhlue of k, tis shown in 
the last column, furnishes a proof of the truth 
of the equation used. 

A second series of experiment? dealing with 
the inversion of cane-sugar by means of sul¬ 
phuric acid is taken from the experiments of Wa 
Ostwald {J.pr. 29, 394). The action is one of 
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*(udnutM) 

Bfllta 

alkali 

•> 


■it" 

v'; : ' o 

i<m 

0*00 


_ 

- f 

10*53 

0*82 r 

0*0281 

0*0141 

.•' 4 

10*79 

0*58 

0*0524 

0*0131 

e 

11*05 

0-84 

0-0778 

0*0129 

8 

11*25 

1*04 

0*0988 

0*0124 

10 

11*55 

l-at 

f 0*1320 

0*0132 

IS 

11*04 

1*73 

0*1795 

0-0138 

16 

12*29 

2-08 

0-2269 

00142 

18 

12*53 

2 31 

0-2612 

00138 

52 

12*84 

2*63 

0*3116 

0-0143 

56 

13*03 

2*82 

0*3187 

00131 

80 

13-30 

3-09 

0*4027 

0-0135 

84 

13-57 

3-36 

01647 

00137 

89 

1371 

3-50 

0*5009 

0-0129 

45 

14*05 

3*84 

0*6038 

0-0135 

62 

14-32 

4*11 

0-7077 

0-0137 

60 

14*52 

4-31 

0-8011 

0*0135 

71 

14-69 

4*48 

0*9066 

0-0128 

80 

15*03 

482 

1*2111 

0-0138 


the type called catalytic, i.e. the substance which 
brings about the change (in this case sulphuric 
acid) does not itself undergo any change. The 
angar, by taking up water, is changed into 
dextrose and ltevulose. The rotatory power 
changes in the same proportion as the decom¬ 
position proceeds ; the course of the change can 
therefore be traced by means of the polariscope. 
The original solution rotated 25°04'; when com¬ 
pletely inverted it rotated — 8°15', so that tho 
total angle passed through was 33°19'; this 
number is at the same time the measure of the 
total amount of sugar, and must therefore be 
put =* a. For x we have the difference 25°01'— tv, 
where to is the angle of rotation produced by the 
iolution undergoing change at time t. 


# ( minutes ) 

V) 

X 

, 11 
!o *«- 7 

k 

58 

20°20 

4-81 

0*0681 

0-0001180 

114 

16°28 

8-76 

01331 

1163 

197 

11°34 

13-70 

0*2313 

1175 

2C3 

8 ° 30 

1674 

0*3052 

1161 

894 

3°35 

21-09 

0*4602 

1100 

586 

- 1-39 

2 S - I 3 

0*6909 

1182 


Similar experiments have been made for many 
Other cases and have given like results. For 
Bon-reversible chemical reactions, which depend 
on the quantity of a single substance only, the 
above fermula holds good quite generally; it can 
however be proved only in tho case of reactions 
which are sufficiently slow to allow of measure¬ 
ment. 

.... A second main division of chemical processes 
i* formed by those which involve the presence 
of two different substances. In such cases the 
general equation (1) takes the form 

*-*•*•■*• (2> 

Two eases have to bS distinguished here; either 
the quantities of the reacting substances are 
equivalent with respect to the chemical change 
considered, or one of thorn is present in excess. 
Puffing<hAe quantities = a and 6, then either 
#«.b or a> j. In the (jrst ease we have to put 
and we got 

*-*(■-*)• (8) 

«sd integrating 


dt 

je _ 

a-a" 


where the ooMjtant t„ — _ — 
oh the same suppOmtions as before. 

Decompositions of this type have often bsapj, 
investigated experimentally. Thq example given 
here series cd experiments by Ostwald (J.pr. 
27, 1), on the decomposition of aoetamide by 
acids, especially trichloraoetio acid. This 
ohange takes plaoe according to the equation: 

CHj.CONH^ + CCl s .CO„n + H..0 ~ 
CCl,.COONH,+ Crfj.COjH. 

Tho quantities both of acetamido and trichlor¬ 
acetic acid diminish, with production of inert 
ammonium trichloracctate, and acetic acid, which 
acid under tho conditions of tho experiment 
exerts litt'o or no influence on the change. In 
tho following table t stands for tho time in 
minutes, x for the quantity of ammonium salt 
formed (or, what is the same thing, for the 
quantity of acetamide decomposed) measured in 
units such that the total quantity a=26-80. 


t 

X 

X 

a—x 

ak 

15 

8T3 

0-132 

0-0088 

30 

5-52 

0-260 

0-0087 

45 

7-61 

0-397 

0-0086 

GO 

9-23 

0-525 

00088 

90 

1201 

0-811 

00090 

190 

13-82 

1-0G5 

0-0089 

150 

15*51 

1-375 

0-0092 

130 

10-59 

1-623 

0-0090 

240 

18-33 

21G9 

00090 


aJiJ 


w 


These results show that the quantity 

= * - 

t a-x 

is constant, 03 is required by theory. 

A second series of expefiments by if. Warder 
(B. 14, 1301) on the saponification of ethylio 
acetate gave similar results. Equivalent quan¬ 
tities of ethylio acetate and soda were mixed, 
and portions taken from time to time were neu¬ 
tralised by dilute add. The quantities of acid 
used— these will bo called s—give the quantities 
of the substances not yet decomposed. In eaoh 
experiment the soda nlono would have used 
10-00 c.o. of acid; henco wo have a =16-00 and 
x = 10—s, therefore also a~x-$ 


t (minutes) 

i 

X 

X 

a—x 

ak 

5 

10-21 

5-76 

0-563 

0-113 

15 

613 

9-87 

1-601 

0-107 

25 

4-32 

11-68 

2-765 

0-108 

35 

8-41 

12-59 

3-69 

0-106 

55 

2-31 

13-69 

6-94 

0-108 

120 

M0 

14-9 

0,55 

0-113 


Again ak is sufficiently constant. When a and b 
are different, ‘x, becomes a—x, and x 3 becomes 
6 —a:; then 

^ - k(a - x) (b- x )» k {a:*— (a + b)x +ai} (5) 
the integral of this equation is 




(a-b)kt. 


.( 6 ) 


The validity of this equation has been proved by 
T; Flood (P..*T. [8)6,871). 
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9h«w two types.of nan-reversible chemical 
actions which have been fast considered com¬ 
prise ell non-revegible actions which hare been 
accurately studied. To be consistent, we mast 
assume that in ohemioal reactions which involve 
more than two, say three, substances, an equation 
corresponding with those (pven ought to hold 
good. Thus when three substances are present 

in equivalent quantities, ^ = k{a-x) 3 ; and 

,.2oai-a; 2 „,, 

i (a-x) i=a ' M - (7) 

But no reaction has been observed with suffi¬ 
cient certainty the course of which proceeds 
according to this, or according to a higher, equa¬ 
tion. 

Moreover, a complication may arise from tho 
simultaneous occurrence of several reactions. 
For such a case the principle of the ‘ coexistence 
of reactions ’ is important; this principle states 
that every reaction proceeds as if it alone took 
place. This principle is of paramount import¬ 
ance ; it forms the connecting link between the 
simple reactions, and those of so-called chemical 
^equilibrium. For tho mathematical expression 
of the coexistence of reactions, when one and 
the same substance is affected by the various 
changes, wc have tho following, 

+fcV, +k"x,"x 2 "... 

If, however, the coexistent reactions take place 
among different groups, which are themselves 
without effect on each other, tho equation of 
velocity has to be developed for each separately 
without regard to the others. 

No experimental investigation of the law of 
coexistenco has as yet been published. Tho 
application of this ltfcv in the theory of affinity 
leads, however, to results which agree with ex¬ 
perience, and the law may therefore be considered 
to be experimentally proved. 

Beversible Reactions. 

The processes investigated above frequently 
represent only one part of the actual reactions. 
In many cases the substances formed mutually 
react to reproduce the original substances. In 
such cases tho process does not end with de¬ 
composition; but a permanent final state is 
arrived at in which tho original substances, as 
well as tho products of their double decomposi¬ 
tion, are coexistent. In such a case the dual 
system is said to bo in chemical equilibrium. 
Here we have to consider on the one hand the 
velocity of the reaction, on the other hand tho 
proportion of the masses for which chemical 
equilibrium results. As aids in the first part of 
this inquiry wo fttve the equations given above, 
together with the principle of coexistonee: in 
investigating the second part of tl^e problem we 
have tho following condition; —chemical equili¬ 
brium results when the velocities of the opposite 
reactions have become equal. 

The establishment of chemical equilibrium is 
connected with the second type of chemical reac¬ 
tions [equations (3) (4), and (5) (6)], respectively. 

; for tils velooity of etwh of the reactions we have 
" J ' Aon f dx" • 

jf - V*,'*,', and g- - k’xfxS j ( 


and equilibrium results when 
inf dx" 

31 m 3T or • 

This is the equatian first established by Guld- 
berg and Waage. Putting the initial quantities 
of the substances as p, q, p*, and q\ when the 
substances p' am^q' are formed by the reaction 
of p and q and vice vefsd, equilibrium will re¬ 
sult when a certain quantity £ of p and q has 
been decomposed. Then tho quantities p-£, 
+ ?' + £ are in equilibrium; and £ has 
the same value throughout, since the quantities 
p, q, Ac. are measured according to equivalents. 
The quantity £ may be positive or negative. 

The equation of equilibrium then takes the 
following form:— 

t ?(*-£)(?-£) = &"(;/-rflfe' + fl; (8) 

from which a value for £ is found, 


0 ) 


i = *• <?) + *!'( v' *q') , 

. /{ k '(P+q) + h"{p' + q'Y k'p'q'-k'pq 
V V 2(// -/<•') J + ~'k'~k" 

The minus sign hold3 when ,*,,^>1, 
and vice versd. 

By making certain assumptions, this ex¬ 
pression may bo considerably simplified. If at 
the beginning of tho reaction the substances p 
and q only are present, in equivalent quantities, 
p = 2 au d P' — q! - a 111 ! it follows that 

and 


t-p 


Vi 

V) 


(3a) 


;„ + l 


The equation of velocity takes tho following 
form. Tho resultant velocity jjp is tho differ¬ 
ence of the partial velocities : 
dx 

ai “ k '(p~ x )(i-x) - k ''(p' +*)(q'+*) ( 10 ) 

Introducing a new constant h we have 

tJVP±i) + k "(p'±V) c 

l ~ k'-k" 

the equation can then be brought to the fbrm 
j t = ( k '-k")((-x)(h-x) j 
and from this by integration, wo obtain 

(U) 

The form of this equation is analogous to 
that already deduced for simple reactions . 
(equation (G), p. 72). If nowit is assumed, a* 
before, that p = q, and p' =^' =* o, £ assumes the 
simple form given in (9o) 

,. vi 

and h=p —-- , , • 

The preceding equations are deduction*, 
from the laws of the influence of mass, and 
the coexistenco of chemical relations. Both 
•laws arc of about the same importance in the 
(theory of affinity as the laws of gravitftion ana 
I the aoexistenoe of motions are in aetronomv 
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Each individual practical case really comprises 
several different relations; bnt there are com¬ 
binations in whioh so great a part of the result 
depends on one single causq, only, that the ob¬ 
served phenomena may be represented almost as 
if this were the only oause. And as little as we 
doubt the law of gravitation because the motions 
of the moon cannot yet^e expressed completely 
in equations, so little have we cause to doubt the 
laws stated above because certain phenomena 
cannot yet be represented as simple deductions 
from them. 

We have hitherto assumed that the constant 
of velocity does not alter its value throughout 
the whole reaction. It is; however, not im¬ 
possible that reactions exist in which the reason 
for the change of k is to bo found in the chemical 
process itself; in such cases the problem be¬ 
comes considerably complicated. 

Chemical Dynamics. 

In general dynamics the magnitude of any 
force is defined and measured by the velocity 
which it imparts to a mass of known magnitude. 
Another way of measuring forces consists in esta¬ 
blishing equilibrium between the given force and 
a force acting in the opposite direction, which 
latter is of a magnitude already known or easily 
determined. This can be considered as a special 
case of the first method, as a case in which tho 
velocity duo to the given force is reduced to 
nothing, by means of one equal in magnitude 
but opposite in direction. The second method, 
though not a direct one, possesses all tho im¬ 
portant experimental advantages belonging to a 
zero method and is therefore the more usual. 
The measurement of the intensity of chemical j 
forces can be accomplished by two methods, ! 
analogous to those employed in general dyna- i 
mics. Tho moro usually employed method 
(because of experimental advantages) is the. 
statical, or the method of equilibrium, in which 
a ohemical process is reduced in a certain pro¬ 
portion by another action occurring in thooppo- I 
site direction. This corresponds to the statical j 
method used in measuring mechanical forces. ' 
Analogous to the kinotical method, of tho method . 
of velocity, is the process of obtaining a measure ! 
of the4ntensity of the acting forces by measuring 
the velocity of the chemical change. The two 
ohemical methods are connected in a similar 
manner as tho two mechanical methods, since, 
as has been shown above, the equilibrium of 
ohemical changes can be regarded as the con¬ 
sequence of the mutual counteraction of changes 
which arc equal in magnitude, but opposite in 
direction. 

Statical methods. 

The first attempts to measure affinities wore 
made by Wenzel, in 1777 ( Die Lehrc von dcr 
Ohemischen Vcruiandtschaft, p. 28, Dresden, 
17J7). He used the method of velocities, but 
his prCceSs was very imperfect. His experi¬ 
ments related to thq solution of metals by 
various acids. Later experiments dealt almost 
‘exclusively with the affinity between acids and 
bases, and warn mostly carried oat by the method 
of equilibrium. , 

Solutions of acids and bases were mixed in*' 
proportions each that different acids competed 
w an insufficient amount of a base, or vies 


nmd; and an attempt wm then made to deter* 
mine the distribution of tne base between the 
competing acids (or vice versd). Ordinary® 
analyses could give no information as to this 
distribution; siifte such analyses could determine 
only the absolute quantities of the acids and 
bases, and not their distribution. Steinheil (d. 
48, 153) (although with an entirely different 
aim) was the first to Bhow how we must proceed 
in order to get a knowledge of the arrangement 
of the constituents of a solution without inter¬ 
fering with its composition. Since each of the 
constituents of a solution changes the physical 
properties—such as density, refractive index, 
colour, &e.—of the solution, a knowledge of the 
laws governing these changes indicates how to 
solve the problem, by measuring 0 sufficient 
number of constants and forming the necessary 
equations. 

It has been already explained how Gladstone 
used these means for establishing a number of 
facts concerning the chemical statics of solu¬ 
tions of salts. He could not, however, utilise 
his measurements further, as there did not then 
exist a general theory of chemical affinity. Sucli 
a theory was first given by Guldberg and Waago 
(Etudes sur les AifiniUs chimiques , Christiania, 
1807) and was also applied by them to a number 
of measurements. This theory has met with 
such wide confirmation that we hope to be able 
some day to reconcile with it those facts which 
do not appear at present to be in keeping with it. 

J. Thomsen (P. 138, 05) was tho first to 
apply the theory of Guldberg and Waage to the 
case of homogeneous solutions. He found that 
sulphuric acid when acting on soda gives a heat- 
production of 31,378gram-units, while nitric acid 
gives 27,234 units only. Now, when sulphuric 
acid and nitric acid simultaneously ac" on soda, 
all three substances being present in equivalent 
quantities, three cases may arise. Either the 
sulphuric acid exclusively combines with the 
soda, or the nitric acid exclusively does so, or 
the soda divides itstlf between the two acids in 
some fixed proportion. In the first case 31,378 
gram-units of heat, and in the second case 
27,234 units, would be produced, while in the third 
caso the heat-production would be represented 
by a number between these two. Therefore the 
number found by experiment gives a measure of 
tho distribution of the soda between the acids. 

Similarly sodium sulphate is allowed to 
react with nitric acid. If no chemical action 
results there will be no production of heat. If 
tho nitric acid combines with all the soda, 
liberating all the sulphuric acid, a disappear¬ 
ance of heat must result, numerically equal to 
the difference between the two heats of neutral¬ 
isation; that is to say, 31,3^8-27,234—4,144 
units of heat will disappear. If, however, a 
division of the base between the acids results, a 
quantity of ifeat less than 4,144 units will dis¬ 
appear. Experiment shows that 3504 units of 
heat are used ; therefore the soda divides itself 
between the two acids. 

If no secondary thermal action takes place 
between the substances used in the experiment, 
wo can deduce directly from these numbdta that 

0'£ft5 of the total quantity of sodium sul« 


3504 

4144 


j^pte is decomposed. Free sulphuric acid doe% 
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hewer, resot witheodiuta sulphate, and the 
action if accompanied by production of heat, 
the extent of the reaction depends on the 
relative quantities of the reacting substances 
present. Thomsen has measured this effect for 
a great many proportions, %nd has expressed 
his results by the equation: 
to 

—^^g.3,300 gram-units of heat; 

where to represents the number of equivalents of 
sulphuric acid present for each equivalent of 
sodium sulphate. By the help of this formula 
Thomsen found empirically that soda divides 
itself in such a proportion that ^ of it goes to 
the sulphuric acid, and § of it to the nitric acid. 
Calculating the heat production on this supposi¬ 
tion, the result is —3,547; experiment gives 
—3,504; the difference lies within the limit of 
experimental error. 

Guldberg and Waage’s theory gives an ex¬ 
tremely simple expression for this case. Since 
sodium sulphate and nitrio acid were present in 
equivalent quantities at the beginning of the re¬ 
action, but sodium nitrate and sulphuric acid 
were absent, we havo to put in equation (8) 
p = q = l andp' = 2' = 0; 
this gives 7c(l - {)' - 
k V 
i-f ) 2 

As { is the quantity of soda combined with the 
nitrio acid, and (1 —|) that combined with the 
sulphuric acid, it follows that the ratio of tho 
velocities of the reaction is equal to the square • 
of the ratio of distribution. Thomsen calls tho 
endeavour of the acids to combine with bases 
the avidity of tho acids, and defines it by tho 
ratio of distribution. According to this, the 
avidity of sulphuric fccid is half as great as 
that of nitric acid, or putting the latter = 1, the 
avidity of sulphuric acid is = 05. Tho avidities 
are in the ratio of the squaro roots of the 
velocities of reaction. 

Thomson ( Tker?nochcmisShc Untersuchungen , 
i. 808) has made further experiments concern¬ 
ing the avidity of other acids towards soda, using 
a method similar to that described above. His 
numbers are given in the following table, where 
the avidity of nitric acid has been put -1*00. 


Hydrochloric acid 

= 1-00 

Hydrobromio „ 

0-89 

Hydriodic „ 

0-79 

Sulphurio „ 

0-49 

Selenio „ . 

0-45 

Trichloracetic ,, . 

0-3G 

Orthophosphoric aoid . 

0-25 

Oxalio „ . 

0-24 

Monochloracotic „ . 

009 

HydrofluofflB „ . 

0-05 

Tartaric „ . 

0-05 

Citrio „ . 

0-05 

Acetic „ 

* 0 03 


Boric, silicic, and hydrocyanic acids do not give 
any appreciable values. 

Taking the squares of these numbers we get 
the relative velocities of the reactions between the 
acids and the soda, which values cannot be ob- 
tained^irectly owing to their great magnitude. 

The question now presents itself as |p whether 
the avidities thus found have constant values, 
or whether they change when a baft other V 


| sods is employed. Thomsen made similar ex- 
| periments for hydrochlorio and sulphuric acids, 
nsing different bases (P. 188, 497); viz. potash, 
ammonia, and magngsia, the oxides of manganese, 
iron, cobalt, nickel, zinc, and copper; for the 
avidity of sulphuric acid he obtained numbers 
which increase from 0*5 up to 0*8, and vary, for 
the alkalis between 0$ and 0*57, and for 
the bases of the magnesia series between 0*70 
and 0*81. These results induced Thomsen to 
conclude that the relative avidity of acids de¬ 
pends on the nature of the base. 

Berthelot (A. Ch. [4] 30, 516), however, 
raised the just objection that Thomsen’s method 
does not allow of tho measurement of the 
relative avidities without the introduction of 
errors. The free sulphuric acid reacts on the 
neutral salt, forming acid sulphate, and thus 
loses part of its active power, and it does this- 
the more the greater the quantity of acid-Bul- 
phale which can be formed. 

Thomsen’s experiments were repeated by W. 
Ostwald (P. Ergzbd. 8, 107 ; J. pr. [2] 19, 468), 
who used a different method based on measuring 
the changes of volume which accompany 
chemical reactions in aqueous solutions. The 
volume of the solution of a salt is different from 
the sum of the volumes of the solutions of the 
acid and tho base, which by their mutual action 
produco the salt; and further this change of 
volume is different for different bases and acids. 
If we use solutions which contain one gram- 
equivalent of the acid or base per kilogram of 
solution then the volume of two equivalents of 
| soda is 1913*26 c.c., and that of two equivalents 
; of nitric acid is 1933*25 c.c. *, tho sum of these 
, two is 3846*51 c.c.; but the volume of the corre- 
! sponding solution of sodium nitrate is 3886*05 c.c., 
j that is to say, 39*54 c.c. more than the sum of 
j the volumes of acid and base, ltepetition of the 
experiment with sulphuric acid gives an increase 
I of volume of 29*90 c.c. only. Hence the volume- 
changes can be used for determining the com¬ 
position of the solution, in the same manner &3 
j the heats of neutralisation had been used by 
j Thomsen. Kcsults were obtained by this method 
| exhibiting tlfe behaviour of nitric acid and sul¬ 
phuric acid towards soda; these results agreed 
entirely with those of Thomsen. Thomsen’s- 
conclusion that nitric and hydrochlorio acids are 
stronger acids than sulphuric acid— a result 
opposed to the older views—was thus confirmed 
by Ostwald. The same chemist investigated at 
length tho question as to whether the relative 
affinity of an acid varied with the nature of the 
base. By experiments to which Berthelot's ob¬ 
jection cannot apply, he arrived at the result 
that the relative avidity ofangicid is independent 
of the base. Thus with hydrochlorio and nitrio* 
acids he found the following numbers 
Potash . . 0*97 

Soda . . . 0*96 

Ammonia . *-* . 0*96 

Magnesia . «*. 0*99* 

Zinc oxide , 0*95 

Copper oxide . «fl*97 

The differences are not greater thsh the probable 
errors of tho experiment. 

f The question concerning the influence of 
temperature on the relative affinities of aoids 
has also been investigated by Ostwald. 





AFTtirot; 


solutions whieh'had served toit the' volumetrio 
elptrimentswith soda. The ratio of the avidity 
or affinity of hydrochloric |dd to that of nitric 
aoid towards soda proved to be as follows i— 

^ At 0° . 1-02 

■ 20° . 0-96 

40° \ 0*J8 

G0° . 100 

In both cases the number for sulphuric acid 
Is not quite constant; but, as already mentioned, 
this acid seems to bo the stronger the less acid 
sulphate is formed, and vice, versd. 

At a subsequent time Thomsen ( Thermoch. 
Unters. i. 89) also attacked the problem of the 
influence of temperature on relative avidities, 
* and arrived at the same results as Ostwald. 

The refraction of light was used by Ostwald 
as another method for determining the com- 
position of a homogeneous solution by means of 
its physical properties. Dale and Gladstone 
{T. 1863, 317), and also Landolt (P. 133, 1), 
showed that the function v(n— 1), in which n is 
the refractive index and v the specific volume of a 
liquid body, depends only on the elementary 
composition of the body and not on the tempera¬ 
ture, nor (within certain limits) on the chemical 
arrangement of the constituents of the body. 
Hence the specific volume is inversely propor¬ 
tional to the refractive index diminished by 1, 
and the volume-changes attendant on chemical 
reactions must be accompanied by opposite 
changes in the refractive indices. Experiment 
has most fully borne out these conclusions. 
The optical method is, however, less accurato 
than tiro volumetric method, when the ordinary 
apparatus only is used. 

The numerical results of Ostwald's experi¬ 
ments are collected in the following table. The 
numbers have the same meaning as those of 
Thomsen given before (p. 75), i.e. they give the 
relative avidities of the various acids, j'utting 
that of nitric acids 1. 


Acid 


Thomsen 

Nitrio 


100 . 

1-00 

Hydroohlorio . 


0-98 

1-00 

Trichloracetic . 


0-80 

0-3C 

Dichloracetic . 


0-33 

— 

Monochloracetio 


0-070 

009 

Glycolic . 


0 050 

— 

Formic . 


0039 

— 

(Stria . 


0033 

— 

Acetio . 


0-0123 

003 

Propionio . 


00X04 

— 

Butyric . . 


0-0098 

— 

Xsobntyrie . 


0 0092 

— 

Succinic . .* 


00145 

— 

Malio . . 


00282 

— 

Tartarie , . 


0-052 

005 


* Thonften's values,have also been given as 
far as thev refer to ibe acids considered here. 
They agree as willas can be expected; tri- 
ohloracetio acjd alone shows an appreciable 
difference. Jjuomgen’s number for this acid is 
-ondoubtedljr much too Bmall; this has been 
jroTed Jjeyond doubt by other measurements. \ 
The ratioB of avidities given in the preceding 
remain the same whether determined for 


potash, soda, Or ammonia; thifr are independent 
of the nature of the base. 

• Besides these three methods which are bt 
general application to the oasa of solutions, 
somednvestigatsrs have employed others, whioh 
can, however, be used only m special eases. 
Thus Q. Wiedemann (W. 5, 46) has shown that 
from the magnetic properties of ferrio salts in 
solution we can argue as to the amounts of these 
salts decomposed by the water into free aoid and 
colloidal soluble iron oxide. This method is, 
however, restricted to the case of these special 
salts. A. Muller ( P. Ergzbd. 6,123) has drawn 
conclusions from the change in colour as to the 
distribution of iron oxide between hydroohlorio 
acid and sulphuric acid. Jelett [I. 25, 371) 
determined the relative affinities of codeine, 
quinine, and brucine, by means of the rotation 
of the plane of polarisation, and found for the in¬ 
fluence of mass the same law as had been es¬ 
tablished by Guldberg and Waage. The experi¬ 
ments of Ilibbits (!'. Ergzbd. 7, 402), Briicke 
(Sitz. W. 77, April 1877), and others, are of a 
more qualitative nature. 

Besides those statical methods, based on the 
determination of the composition of a homo# 
geneous solution, otiiers are available in whioh 
the chemical reactions take place in heterogeneous 
media, vis. between Bolids and liquids, or 
liquids and gases, or lastly between solids and 
gases. The theory of those methods has been 
also given by Guldberg and Waage, and Ostwald 
has developed the methods for the purpose of 
determining affinities. 

According to Guldberg and Waage the 
chemical action of solids in contact with solu¬ 
tions is independent of their mass; in other 
words, tile chemical mass of the solids is 
constant. Otherwise thealaws of thff influence 
of mass hold good. If, for example, an acid 
acts on tlie salt of another acid, which latter 
salt is insolublo in water (or more strictly, 
scarcely soluble), and with the base of whioh the 
first acid forms a soluble salt, then the same 
equation holds good as applies in the ease of 
substances which are all soluble, with this ex¬ 
ception that the term corresponding to the in¬ 
soluble salt becomes constant or independent of 
x. Putting in the equation k.p.q = k'.p'.q' 
p = hydrochloric acid, and q = calcium oxalate, 
then p = calcium chloride, and q' = oxalio aoid. 

If the experiment is arrangod so that hydro¬ 
chloric acid acts on an excess of calcium 
oxalate and that undissolved calcium oxalate is 
always present, then at all stages of the change 
oxalic acid and calcium chloride are present in 
equivalent quantities. Putting the original 
quantity of hydrochloric acid-1, and that oi 
thv oxalate dissolved = (, the*squation becomes 
fc(l-£)c = ft'.£.(j hence 

* — L 


v 




where a stands for the constant cheinioal mass 
of calcium oxalate. In this equation fc, kf, arid 
c are unknown, while (can be measured directly. 
Bepeating the experiment with a different aoid, 
say nitric acid, a new expression of thejofin 

* ~~~~ ■ 

^ • v'e(l-(J. 
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l« obtained, In which « ha* the tame value a* 
referring to oaleium oxalate, which Js used in 
hath experiments Under the same conditions. 
Dividing the on* equation by the other we get 
the relative affinities , » 

_L s _A_ 

. Vf=6 

expressed in quantities which can all be directly 
measured. This method has been used by W. 
Ostwald and his pupils for determining the 
relative affinities of various acids, and has given 
results which agree well with those found for 
homogeneous solutions. It has great experi¬ 
mental advantages over the physical methods, 
as the ordinary methods of chemical analysis 
can be used. The insoluble, or scarcely soluble, 
salts used were these; zinc sulphide, calcium 
oxalate, sine oxalate, barium chromate, cream 
of tartar, and the sulphates of barium, strontium, 
and calcium. As a rulo the coefficients of 
affinity thus determined for various salts agree 
very well amongst themselves, but there arc 
some deviations which arc not yet fully explained. 

As an example of tho method the following 
numbers are given ( J. pr. [2] 28, 493); those 
numbers were obtained by tho action of acids on 
calcium oxalate, a substanco lending itself 
particularly well to these experiments. Experi¬ 
ments were made both with normal and dcci- 
normal solutions of acids. Nitric acid is again 
put = l. 


Acid 

Normal 

^Normal 

Hydrochlorio . 


1-00 

0-98 

Hydrobromio . 


0-95 

0-99 

Nitric 


100 

1-00 

Chloric •. 


1-04 

1-00 

Sulphurio . 


0-70 

0-74 

Formio , 


0-0259 

0-129 

Acetic 


0-0105 

0-735 

Monochloracetic 


0-051 

0-213 

Dichloracetio . 


0-183 

0188 

Trichloracetio . 


0-042 

0-899 

Lactic 


0041 

0133 

Succinic . 


0-0205 

0-093 

Malic 


0-0505 

0-121 

Tartaric . 


0-0402 

0141 

Citrio 


0-0306 

0-144 


The numbers in the first column, which 
refer to normal solutions (one gram-oquivalent 
in a litre), agree well with those before obtained 
by the volumetric method. Along with them is 
given a second series referring to solutions ten 
times as dilute. While tho stronger acids ex¬ 
hibit scarcely any change by tho dilution, the 
Values for the weafer acids have increased very 
considerably, and this the moro the weaker are 
the acids. We shall consider this phenomenon 
at length later on, and find the ^general law 
underlying it. 

Of further results whioh have boon arrived 
at by this method one must be noticed as im¬ 
portant, via. that the aotion St the acids varies as 
they are present alone or along with their 
neutrawaits (J.pr. [2] 23, 209). 

Borne such result was to be expected in the 
ease of dibasic acids which combine with their 
aeatral salts to ton acid salt*. .The monyj 


basis arid*, however, exhibit no tendeney to 
combine with their neutral salts, and yet they 
ton Show a change which in the case of the 
strong acids, such as hydrochlorio and nitric, is 
an increase in the Affinity. This increase is 
proportional to the quantity of the neutral salt 
present, and decreases rapidly with increasing' 
dilution. This statement does not, however, 
hold for all monobasic acids, but only for the 
strong acids. The weak monobasio acids, on 
the contrary, are considerably more weakened 
by the presence of their neutral salts, and this 
the moro the weaker are the acids. These faets 
are of great importance in tho interpretation of 
experiments undertaken for the purpose of 
determining tho relative affinities of acids by 
the division of a base between two competing 
acids. Since in this case the acids always act 
in presence of their own salts, this condition 
doubtlessly exerts some influence, making the 
strong acids appear stronger and tho weak acids 
appear weaker. This shows that too much im¬ 
portance must not be attached to the numerical 
values obtained by the preceding methods ; they 
certainly give the order of the affinities correctly, 
but the numerical values deviate from tha trua 
value in the sense that tho large numbers are 
too large and the small values are too small. 
Wo shall see later on that other determinations 
of the same quantities, which are more likely to 
give the true values, show deviations in this 
sense from tho abovo numbers. 

Kinetical Methods. 

The second way of measuring tho intensity 
of chemical forces is based on determinations of 
tho velocities of tho reactions produced by these 
forces. The theoretical introduction concerning 
this method has been already considered, and we 
have seen that many reactions proceed according 
lo a course which agrees well with that cal¬ 
culated from the influence of mass. 

TkiB method does not, however, lend itself 
to direct applications to the majority of the re¬ 
actions investigated by the statical method. 
This statement applies particularly to the effects 
of affinity Igstween acids and bases, because 
these processes arc of too short duration to 
al low of measurements being accurately *nads 
of their velocities. If, however, tho magnitudes 
in question can be measured by kinetical 
methods, this is because of a general and im¬ 
portant principle. 

It has been already shown that the nature 
of the base exerts no influence on the relative 
avidities or affinities of the acids which react 
with tho base. If the affinity between an acid 
a and a base 6 is designated by f(a, b), then tho 
following equations hold gooik: 

/(a, 6) f(a,b’) f (a, V ) 
f{a’;by-f(a\bTf(a\Vy 
These equations can be true only if each ex¬ 
pression / (a, b) is the product of tv(b factoft 
one of which depends onVie aeid only and the 
Other on the bass only*^a. 

The affinity between acidl^nd base* U 
therefore the product of specks affinity co¬ 
efficients. All reactions due to aefts and bases 
Ab sueh must, on this view, be proportional 
among themselves. From this it follows that 
prooesses which, taken by themselves, have 








nothing to do with the formation of, Baits, m*y 
be employed for finding nameriiat values for 
the affinities which come into play daring the 
formation of salts, provided the reactions in 
question have been accomplished by the acids 
and bases only. Determinations of the specifio 
affinity-coefficients of acids and bases are thus 
of the greatest importance. it will be our task 
to Bhow first that the above conclusions are 
verified by experiment, and then to use the 
numbers thus arrived at for drawing further 
deductions. 

The first reaction which was used to chock 
the values of the coefficients of affinity of acids 
determined in the statical way, by means of a 
kinetical method, was the change of acetamide 
into ammonium acetate (Ostwald, J. pr. [2] 
27,1), which takes place according to the equa¬ 
tion CH,CONH 2 + H..O = CH a COONII t . When 
water only is present the reaction does not pro¬ 
ceed to a sensible extent, but when an acid is added 
the latter exerts a predisposing iniluence, and 
the process takes place to the degree which is 
possible under the existing conditions of affini¬ 
ties, concentration, and temperature. 

By 1 predisposing affinity ’ is usually under¬ 
stood the cause of reactions between certain 
substances, which reactions could tako place, 
but do not actually occur, without tho presence 
of another substance, which has affinity towards 
one of the possible products of the reaction. 
In the case just discussed, water and acetamide 
do not react unless an acid capable of combining 
with the ammonia produced (or a base which 
has affinity for acetic acid) is present. Tho 
strange assumption expressed in the name pre¬ 
disposing affinity, viz. that tho affinity of the 
predisposing substance towards a body not yet 
formed induces the other substances to produce 
this special body, has been given up, since the 
molecular theory of Williamson and Clausius, 
as developed by Pfaundler, gives a much more 
simple view of such reactions. When applied 
to the case just considered, this theory tells us 
that the atoms which form the molecules of 
acetamide and water only very seldom get a 
chance of forming ammonium acetate during 
the movements and collisions of the molecules 
in question, since the forces which tend to re¬ 
tain the original condition of tho system are 
greater than the forces which tend towards de¬ 
composition. If, however, a strong acid or base 
is added, the forces tending towards decomposi¬ 
tion are correspondingly increased, and, in many 
collisions, in which previously nochangeoccurrcd, 
decomposition now takes place («. also Mcn- 
deldeff, B. 19, 450). 

The experiments were conducted by keeping 
equivalent quantities of acetamido and acid for 
some time at 05° and 100°. The quantity of 
ammonium salt formed was determined by de¬ 
composing it with sodium hypobromite and 
nRasuring the volume qf nitrogen evolved. Tho 
reaction takes plaoe/-*n the presence of acids, 
such as hyflrochlov cSt id, according to the equa¬ 
tion, 

CH.CONHji.HO + HC1 = CHjCOOH + NH,C1. 
Three differ/it kinds of molecules arc therefore 
always necessary for the reaction. Moreover* 
only two substances, acetamido and hydrochloric 


daring the reaction. The water Si present in 
suoh excess (about 800 HjO to 1 HCl) that the 
ohange in its mass is unappreoiable. Henoe, if 
there are no secondary reaction^ the change will 
prooeed aooonjjng to equations (3) and (4). An 
example in which the actual reaetion agrees with 
theory has already been given. 

But tiie reaetion is by no means free from 
seoondary changes. Particularly (as has been 
already noticed), the presence of the neutral 
ammonium salt of the acid added has the effect 
of increasing the strength of strong aoids, and 
decreasing the strength of weak acids. Conse¬ 
quently when strong acids arc used the process 
is accelerated, compared with its normal vatue, 
and the acceleration is tho greater the further 
the change has proceeded. With weak acids, on 
tho other hand, the process is retarded. Owing 
to tho formation of acid salts, the polybasia 
acids are influenced by similar but much more 
pronounced secondary reactions. All these con¬ 
ditions liavo to be taken into account in tho in¬ 
vestigation of the progress of tho reaction, as is 
scon most conspicuously in the graphical repre¬ 
sentation given in tho original paper. These 
circumstances are disadvantageous if it is de¬ 
sired to make absolute determinations of the 
velocity of the reaction, but they are of advan¬ 
tage in the comparison of the kinetical and 
statical methods, sinco the results obtained by 
the latter are also influenced in the same way by 
similar sources of error. 

The time taken to convert half the acetamide 
into the ammonium salt was taken as the reci¬ 
procal measure of the velocity of the reaction. 
The velocity in minutes was found to be as fol¬ 
lows :— 


Acid 

A^G5° 

At 10« o 

Ratio 

Hydrochloric 

72-1 

4-98 

14-5 

Nitric . 

75-2 

5-35 

14-4 

Hydrobromio 

740 

5-14 

14-4 

Trichloracetic ^ 

112-8 

— 

— 

Dichloracetic 

433-7 

_ 


Monoohloracetic . 

4,570 

— 

— 

Formic. 

28,950 

2,138 

13-6 

Sulphurio . 

180 

141 

12-8 

Oxalic . 

1,516 

118-6 

12-8 

Tartaric 

35,310 

929 

14-7 

Malic . . 

— 

— 

_ 

Suceinio 

— 

7,976 


Citric . 

44,810 

3,088 

14-5 

Phosphoric . 

— 

3,880 

— 

Arsenic 

— 

4,005 

— 


In order to make these numbers comparable 
with the coefficients of affinity as found by the 
volumetric method they myat be referred to 
IIC1 = I, by dividing the times corresponding to 
the several aoids each into that corresponding to 
liydrochloriotacid. The relative velocities of the 
reaction are thus obtained for hydrochloric acid 
= 1. Further it must be borne in mind that by 
theory the ratio of the affinities is equal to that 
of the square roots ISf the velocities of the reac¬ 
tion. In the following table I have colleoted the 
aoids the relative affinities of which are Jmovm. 
Under I. are given the velocities of the reaction, 


under n. their square roots, and under III. the 
acid, undergo an appreciable change of mass |Relative affinities 







f'in.- 

* Hydroohlorio . 

1-00 

1-00 

0-98 " 

Nitrio . • . 

0-96 

0-98 

1-00 

Hydrobromic . 

0-97 

0*98 

0i96 

Triohloracetio . 

0-639 

, 0-80 

0-80 

Didhloraoetio . 

0-166 

0-41 

0-33 

Monoohloracetio 

0-0169 

0-13 

0-07 

Formic 

0-00266 

0052 

0 039 

Acetic 

0-000547 

0-0234 

00123 

Sulphuric . 

0-428 

0-65 

0-67 

Tartaric . 

0-00564 

0-075 

0052 

Malic 

0-00218 

0-0467 

0-0282 

Succinio . 

0-00065 

00255 

00145 


The numbers in the two last columns agree as 
well as could be expected. Tho deviations are 
in the direction of a greater value for II. than for 
III. in the’ease of weak acids. Tho reason for 
this lies in the fact that in the enunciation of 
the equation of velocity no attention was paid 
to the acetic acid formed in the reaction, by the 
presence of which the change is accelerated. 
This action of acetic acid scarcely comes into 
play when strong acids are employed. 

• Tho examination of the action of acids on the 
change of acetamide into acetic acid and ammo¬ 
nium salt has established the connection between 
equilibrium and velocity which is predicted by 
theory; but tho reaction employed was not of a 
kind to give completely accurate values for the 
velocity of the change, since too many secondary 
reactions exert their influence on the primary 
process. Another reaction studied by Ostwald 
(J. pr. [2] 28, 419) lends itself better for this 
purpose. This is tho decomposition of ethereal 
salts by water in the presence of acids. Aqueous 
solutions gf methyl acetate (or of similar com¬ 
pounds) undergo only very slow decomposition 
at ordinary tomperatures; if, however, an acid is 
present the process is greatly accelerated. The 
acid does not undergo a permanent change, sinco 
at the end of tho reaction exactly the same 
quantity of acid is found af was present at the 
beginning. It is doubtless by its aflinityfor the 
methyl alcohol that the acid influences the rate 
of the change. It predisposes in the sense already 
explained, only the compound which the acid 
forms with the methyl alcohol cannot exist in the 
presence of the great excess of water. Tho che¬ 
mical process is represented by tho equation 
CHjCOOCIL, + II,0 = CIIjOH + CH 3 COOH. Two 
substances are required; but the quantity of 
water is so great that its change need not be 
taken into account. Equations (1) and (2) must 
therefore hold good. This conclusion is verified 
by experiment. Thus for example 10 c.c. of nor¬ 
mal hydrochloricjacid were mixed with 1 c.c. of 
methylacetate anu diluted with water to 15 c.c. 
One c.c. of this solution required for neutralisa- ; 
tion 13*33 c.c. of baryta. Owing to tye decompo¬ 
sition of the methyl acetate the acidity increased; 
the results are given in the first table of next 
column. The numbers in the last line repre¬ 
sent the results when the^lccomposition was 
completed. 

In the third column, under x y is given the 
increaft in the number of c.c. of baryta used to 
neutralise the acid; the values in tlHs column 
are always proportional to the quantify of methyl^ 


Jw&tate decomposed* The last value 14*11 gives 
the quantity a in th4 equation 

• a 

Calculating the expression log a ._^ (for simpli¬ 
city's sake in ordinary logarithms), and dividing 
it by the time f, W( = the coefficient of velocity) 
is obtained; the value of k is given in tho last 
column; it is nearly a constant. 




X 

k 

After 14 minutes 

11-25 

mm 

000209 

34 „ 

15-47 

2-14 

000211 

59 „ 

16-85 

3-52 

0-00212 

89 

18-24 

4-91 

0-00209 

119 

19-48 

6-15 

0-00209 

159 „ 

20-92 

7-59 

0-00211 

199 

2215 

8-82 

0-00214 

239 

23-10 

9-77 

000214 

299 

24-21 

10-88 

0-00214 

399 

25-46 

12-13 

0-00214 

539 „ 

26-42 

1309 

0-00213 

oo 

27-44 

14-11 

— 


The same method was used for determining 
the velocity of decomposition of methylacetate 
by many other acids; the coefficients, referred 
to HC1 = 1, aro collected in the following table:— 


Acid 

I. 

II. 

Hydrochlorio . 

1-00 

1-00 

Ilydrobromio . 

0-98 

0-99 

Hydriodic • 

0-96 

0-98 

Nitrio 

0-92 

0-96 

Chloric 

0-94 

0-97 

Sulphuric . 

0-517 

0-739 

Methylsulplmric 

1-00 

1-00 

Kthylsulphuric. 

0-99 

0-99 

Propylsulphuric 

0-98 

0-99 

Isobutylsulphurio 

0-97 

0-98 

Isoamylsulphuric 

0-96 

0-98 

Kthylsulphonic. 

0-98 

0-99 

Isetliionio. 

0-98 

0-99 

BenzenesuTphonic 

0-99 

0-99 

Formic 

00131 

0-11,5 

Acetic 

000345 

0-0587 

Propionic . 

000304 

0-0551 

Butyric 

0-00299 

0-0651 

Isobutyric. 

0-00268 

0-0618 

Monoohloracetio 

0-0430 

0-208 

Dichloracctio . 

0-2304 

0-480 

Trichloracetic . 

0-882 

0-826 

Lactic 

0 00901 

00949 

Hydroxyisobutyrio . 

000921 

0-0960 

Trichlorolactic . 

0069 

0-263 

Pyruvio . 

0-067 

0-259 

Oxalic • • 

0-1716 

0430 

Malonio • . 

0-0287 

0-169 

Succinio . . 

000496 

S >-0704 , 

Malic . 

*0-01181 

O-1086 

Tartario . 

,V^296 

,0-1515 

Itacemic • 


0-1515 

Citrio . . 


0T279 


. In the second oolumn I have gi, on the square 
Soots of the velocities of reaotion; thefe nure- 
'bera ought to be proportional to the affinities, if 






aHheaffinHleswere freaffortt 
ll (Monday motions Cos#* 
paring these numbers with those already ob¬ 
tained, the same order of affinities appears, bat 
'iq'this ease the values are*more nearly equal. 
This agrees entirely with what had been ex- 
pected ; for it has been often emphasised that, 
owing to the presence a! neutral salts, the stati¬ 
cal methods make the strong acids appear too 
strong, and the weak acids appear too weak. 
The numbers found in the present caso can 
therefore be justly considered ns approaching 
nearer to the true coefficients of affinity than the 
previous values. 

It is of special interest that a reaction such 
as the catalysis of methylacctatc, which is only 
very remotely connected with the process of the 
formation of salts, is yet doubtlessly brought 
about by that very property of acids which pro¬ 
duces the latter class of reactions. This leads 
to the conclusion that the numerical values of 
all reactions exhibited by acids as such depend 
on (hat one property which till now has been 
somewhat vaguely termed the strength of the 


Acid 

I . 

II . 

HI . 

Hydrochloric. 

1-00 

1-00 

1-00 

Hydrobromic. 

1-111 

1-05 

0-99 

Nitrio . 

1-000 

1-00 

0-90 

Chloric . 

1-035 

1-02 

0-97 

Sulphurio 

053 G 

0-732 

0-739 

Ethylsulphuric 

1-000 

1-00 

0-99 

Isethionic 

0-918 

0-90 

0-99 

Ethylsulphonic 

0912 

0-95 

0-99 

Benzenesulphonic . 

1-044 

1-02 

0-99 

Formic . 

0-0153 

0-124 

0-115 

Acetio . 

0-00100 

0-0032 

0-0587 

Isobutyrio 

0-00335 

0-0579 

0*0518 

Monochloracetic . 

00484 

0-220 

0-208 

Dichloracetic. 

0-271 

0-521 

0-480 

Trichloracetic 

0-754 

0-808 

0-826 

Glycolic 

0-01308 

0-114 

— 

Lactic 

0-01000 

0-103 

0-0919 

Methylglycolic 

0-01815 

0-135 


.Ethylglycolic. 

0-01372 

0-117 

— 

•Methyllactio . 

0-01390 

o-ns 

— 

Digjycolio 

Pyruvic . 

0-0207 

0-103 

— 

0-0049 

0255 

0-259 

Glycerio 

0-01715 

0-131 

— 

Oxyisobutyrio 

0-01002 

0103 

0-0900 

Oxalic . . 

0-1857 

0-430 

0-430 

Malonie. 

0-0.‘ S 0 fi 

0-175 

0-109 

Succinio 

0-0545 

0-0738 

00704 

Pyrotartaric . 

0-0107 

0-103 

— 

Malio . 

0-0127 

0-113 

0-109 

Citric . . 

0-0173 

0131 

0-128 

Phosphoric . # . 

0-0021 

0-249 

— 

Arsenic . 

0*0181 

0-219 

— 


acids. In order to verify this assumption 
tetwald $7. pr. [2] 29^ ,385, [1884]) investigated 
another procoss whiou is not connected with the 
formation*of salt#*\k,., the inversion of cane 
sugar. The region proceeds, as in the case 
df methylacajSiie, by the addition of water— 
OrAA.^O = 2C,H, a O,—without an appa¬ 
rent intervention of an acid. Tet it takes place, 
only irfthe presence of acids. It is a catalyti?| 
reaction in the same sense as that already con- 


undergoes change, the same equation hohfk good. 
As an example has already been givah whidv 
shows that the process is represented by equa¬ 
tions fl) and (2), the velocities of inversion are 
now given directly («. table in last column). 

In the seoond Column are given the square 
roots of the velocities of inversion, in the third 
column the corresponding values for the cata¬ 
lytic change of methylncetate. The agreement 
is evidently sufficiently great to prove the iden¬ 
tity of the causes which produce the inversion 
of cano sugar and the decomposition of methyl 
acetate. This agreement also forms the com¬ 
plete experimental verification of the assumption 
1 that there exist constants of specific activity,. 

| which numerically determine all the manifesta- 
j tions of affinity exerted by acids as such. The 
numbers found for methylacetate and for cane 
sugar represent these constants with great ex¬ 
actitude. The process of the inversion of cane 
sugar had been already used by Lowentlial 
and Lcnssen (J. pr. 85, 321, 401) for the pur¬ 
pose of measuring constants of affinity. These 
chemists did not, however, deduce the constant* 
of inversion from their experiments, although 
the theory of inversion had been established long 
before by Wilhclmy (P. 81, 413), nor did they 
give a proof of the fact that there are other 
chemical reactions which proceed according to 
a course analogous to that observed by them in 
the inversion of cane sugar. 

Besides the chemical methods for the deter* 
mination of tho affinities of acids, there is yet 
another method which, by means of physical 
measurements, allows very accurate determina¬ 
tion of theso values to be made. It has been 
proved beyond doubt that the electrolytic con- 
! ductivities of acids aro closely conn.cited with 
their chemical properties; so that this conduc¬ 
tivity is proportional to the velocity of the 
reactions produced by tho acids. As the elec¬ 
trolytic conductivity can easily bo measured to 
a high degree of^accuracy, we have here a 
method of much importance for the solution of 
the problems connected with affinity. The exist¬ 
ence of this relation was first recognised and 
enunciated by VV. Hittorf (W. 4, 391), who had, 
however, almost no measurements at his dis¬ 
posal. Arrhenius (Bijh. K. Svensh. Vet. Ak. 
Hand. 8, Nos. 13,14 (1884)) developed a theory 
of the chemical changes among electrolytes, 
starting with tho supposition that the power of 
conducting electrolyideally and the power of 
participating in chemical reactions were iden¬ 
tical. 

This theory leads to equations which agree 
with those of Guldberg and Waage. Finally W. 
Ostwald has considerably increased the some¬ 
what scanty material available for comparisons 
between the power of inducing chemical reao-, 
tions and electrolytic conductivity. Ho fully 
proved the proportionality between the velocity 
of the reactions induced by an acid and the 
electrolytic conductivity of the acid (J. pr. [2] 
30, 93; ib. 30, 22lP[1884]; ib. 31, 433; tb. 82, 
300 [1885]). The following table' shows this 
agreement. Under I. are given the electrolytic 
, conductivities for normal solutions; under II, 
i the velocities of inversion of cane sugar for setaj. 
..normal solutions; under HI. the velocities ^ 





rownyuweaue »r f »o«ai3 
sofationflfftlltha numbers are referred to hydro- 
L ‘ * JV, .L 


Ada * 

X, 

II. 

in. 

• 

Bydrochlorio 

1002 

*■00 

1-00 

Hydrobromio 

101 

111 

0-98 

Hydriodic . 

101 

■— 

0-90 

Nitric . 

1-00 

1-00 

0-92 

Sulphuric . 

0-66 

0-73 

0-74 

Formic 

0-0168 

00153 

00131 

Acetic 

000424 

0004 

0-00345 

Monochloracetio. 

0-040 

0-0484 

00130 

Diohloraoetio 

0-253 

0-271 

0*230 

Trichloracetic . 

0*623 

0-754 

0-632 

Glyoolio . 

0-0134 

0-0131 

— 

Methylglycolic . 
Ethylglycolio . 

0-0176 

0-0182 

— 

0-0130 

0-0137 

— 

Diglycolio . 

00258 

00267 

— 

Propionio . 

0-00325 

— 

0-00304 

Laotio 

0-0104 

0-0107 

00090 

e Oxypropibnic . 

000006 

0-0080 

— 

Glyceric . 

0-0157 

00177 

— 

Pyruvio 

0-0560 

00649 

0-0070 

Butyrio 

0-00316 

— 

0-00300 

•isobutyrie . 

0-00311 

0-00335 

0-00208 

Oxyisobutyrio . 

0-0124 

0-010G 

0-0092 

Oxalic 

0-197 

0-186 

0-176 

Malonio . 

0-0310 

0-0308 

00287 

Succinio . 

0-00581 

0-0055 

0-0050 

Malio. . 

0-0134 

0-0127 

0-0118 

Tartaric . 

0-0228 

— 

0-0230 

Baoemio . 

0-0228 

— 

0-0230 

Pyrotartario 

0-0108 

0-0107 

— 

Citric. 

0-0166 

0-0173 

0-0163 

Phosphorio 

0-0727 

00621 

— 

Arsenio 

0-0538 

0-0481 

— 


The agreement of the numbers in the three 
columns is evident, and proves tho truth of the 
assertion made above. 

In order to understand the relation between 
conductivity and the power *)f taking part in 
chemical changes, wo must go back to the theory 
of Clausius and Williamson. According to this 
theory tho molecules of the electrolytic sub¬ 
stances are continually interchanging their con¬ 
stituent atoms. These atomic exchanges gene¬ 
rally take place to an equal umeunt in all 
directions; but when an electric current is 
passing they are so influenced that the electro¬ 
positive or basic constituents go to the one side, 
and the electronegative or acid constituents to 
the other side, each constituent separating from 
the solution on one of tho electrodes. This 
motion of tho constituents occurs to a greater 
extent the greater the difference of potential 
between the electrodes, i.e. the greater the 
electromotive force. The change proceeds ac¬ 
cording to Faraday’s law of electrolysis, which 
states that the quantity of electricity passed is 
proportional to the equivalents of the parts of 
the molecules separated out. Put into a slightly 
different form, this means th*t each eloctrified 
atom, or group of atoms, conveys the same 
Quantity of electricity quite independently of its. 
nabm* • 

$ihce the electric current only exertt a direc¬ 
tive influence on the electrolyte, but does not 


itself induce the action, the conducting poster. 
of substances depends entirely on the power of 
interchanging their ions. But on that same 
power depends also the velocity of the chemical 
changes produced by these substances; hence 
it follows that the velocities of tho reactions 
must be proportional to the conductivities of the 
reacting substance^ Th^experimontal proof of 
this proportionality is in itself an important 
point in favour of the theory of Williamson and 
Clausius. (In Faraday’s works we also find 
views which agree in the chief points with those 
explained above.) For tho experimental details 
of tho method the reader must be referred 
to the papers of Kohlrausch, Arrhenius, and 
Bouty. A short account of the conceptions and 
definitions used will, however, be given here, 
since the assumptions generally used in phy¬ 
sics proper do not lend themselves well for our 
purpose. 

Imagine a vessel having the form of a paral- 
lelopipcd, the two parallel sides of which form the 
electrodes, and imagine the distance between the 
two to be equal to unit length. Into this vessel we 
imagine a quantity of the electrolyte to be placed, 
either byitself or in solution, such that its weight 
in grams is numerically equal to its molecular 
weight. Let us further suppose that the electro¬ 
motive force between the two electrodes is unity; 
then the quantity of electricity passed through 
in unit time represents tho molecular conduc¬ 
tivity. Since equal quantities of electricity are 
convoyed by each electrolytic molecule, the total 
quantity of eleotricity passed is proportional to> 
tho number of doublo exchanges which take- 
place in unit of time in ouo molecular weight oi : 
the substance 

The electrolytic conductivity can be veryeaaily- 
and accurately determined. The possibility of' 
solving a great many problems connected with: 
the values of affinities is thus presented. W. 
Ostwald has specially investigated the influence' 
of dilution, and has established the laws which 
hold for it. The simplest relations are found 
for the strong monobasic acids, hydrochloric,, 
hydrobrornic, hydriodic, nitric, chloric, and per- 
chloric. For® normal solutions all these acida 
have nearly the same conductivity, and this in¬ 
creases by about 10 per cent, to 12 per’cent, 
with increasing dilution, gradually approaching 
a maximum value, which in tho units used 
by Ostwald was equal to 90. Sulphocyanic and 
bromio acids approximate to the acids named 
above. 

Tlic other monobasic acids, which are weaker, 
and which therefore have smaller conductivities 
than those already mentioned, exhibit a greater 
change in conductivity with increasing dilution, 
tho weaker they are, and they all do this accord¬ 
ing to the same law. This law states that the 
dilutions at which two acids have the same 
molecular conductivity alivays bear tip sam\ 
ratio to each other. K 

Thus, when measured i>n\tei units mentioned 
above, formic acid of the%Ulution 2—M. 
H a CO* = 46 grams, in two litres orMfre solution— 
has tho molecular conductivity l\C; butyrio 
anid reaches the value 1*81 only at 32 litres 
dilution. On further dilution the following 
£ elation is manifested;— 



Pmkxc Afro .. 

.. botybio Aero 

- Dilation 

Conductivity 

Dilution 

Conductivity 

4 

2-47 

64 

2‘56 

6 

3-43 

128 

8-50 

16 

4-80 . 

£56 

504 

82 

6-63 

512 

7-02 

64 

9-18 

1024 

9-74 

128 

12-6 

2048 

13-4 

256 

170 

4090 

18-0 

612 

22-4 

8192 

23-8 

1021 

290 

16384 

31-5 


Butyric acid and formio acid liavo always 
nearly the same molecular conductivity when 
the former is sixteen times as dilute as the 
latter. The same holds good for dilute solu¬ 
tions of all the monobasic acids. Plotting a 


curve, with the molecular conductivities as 

ordinates and the logarithms of the dilutions Jtuu tu U4UiVt44UUU Xi ,,. vv .. . 

as absciss®, we find it to have the shape mdi- I 0 f these solutions takes place at first according 


are dealing with important and characteristic 
values, with values Which do not alter with the 
nature of the reaction induced by the aoid, an<J 
which are related to the dilution in a perfectly 
fixecL manner. . The general truth of this law 
for tne case of chemical reactions has been 
separately proved 1)y Ostwald (J. pr. [2] 31,807). 
The values of affinities sought by men of 
science in the last century have thus been 
found by means of a method which had been 
even then indicated by the famous opposed of 
the old theory of affinity. 

It has already been mentioned that the 
above law of dilution holds primarily for mono¬ 
basic acids. Poly basic acids behave differently 
according to their constitution. Some dibasio 
acids, such as phosphorous, selenious, <fco., in 
which the second hydrogen atom is of the 
nature of a weak acid (this is shown by the 
alkaline reaction of their normal salts), behave 
on dilution at first exactly like monobasic acids, 
the conductivity being referred to molecular and 
not to equivalent weights. Hence electrolysis 


Cftted in the annexed figure. In this, the 



logarithms are not referred to the base 10, but 
to the base 2, since in Ostwald’s experiments 
the dilutions increase as the powers of two. 

They are the exponential powers, p, of the dilu¬ 
tion v ; v - 2p. 

The curve appears to be symmetrical about 
two lines at right angles to each other, and has 
i point of contrary flexure when the conductivity j basic acids, and rapidly appr 
caches the value 45. The equation to the curve double that foun^l with these 


reaches 1 

can be approximately expressed—using the given 
units—by the empirical formula 
•4518 


to the type H | ITU". It is only on reaching 
very great dilutions that the second hydrogen 
atom begins to participate in the reaction. Hi- 
basic acids whoso normal salts are neutral 
behave differently. It is true that they, too, 
conduct at first according to the type H | HR"; 
but the second hydrogen atom exerts its in¬ 
fluence even in moderately dilute solutions. 
The conductivity increases much more rapidly 
than in the case of monobasic acids, and ap¬ 
proaches a maximum which is double that 
observed for monobasic acids. Oxalic acid may 
be taken as a typical acid of this class. In the 
: case of very strong dibasic acids, such as sul- 
| phuric acid, it is the lasV part of th» plienome- 
j non just described which becomes prominent. 

' Even for a concentrated solution the molecular 
conductivity exceeds tho maximum of mono- 
ouches a value 
acids. TTence 


tan. m 


-(;.)■ 


where m is the molecular conductivity; i» 0 the 
dilution (in litres per gram-equivalent) for 
which the conductivity is 45; and v any dilu¬ 
tion for which the conductivity is to be cal¬ 
culated. The same curve holds for all acids if 
the abscissa v„ is chosen properly. Tho value 
is characteristic for each acid. For the 


conduction takes place from the beginning, for 
the most part, according to the type li, | It". 

Ostwald has recently (J. pr. [2] 32, 300) 
examined the conductivity of a number of acids, 
and has shown that the relations already stated 
hold in all cases. He has also established many 
relations between the conductivities of acids and 
their chemical constitution. This investigation 
opens up the possibility of drawing many in¬ 
ferences concerning the action of chemical forces. 
The following tables exhibit an abstract of the 
measurements of the molecular conductivities of 


above-mentioned strong acids, it is found in j various acids for tho dilutions of 4, 32, and 25G 
high concentrations:—for iodic acid, at 2-8 litres ; litres: 
approximately ; for hypophosphorous acid, 8 
litres; for dichloracctio acid, at 10 litres; for 
tnonochloracctic acid, between 400 and 500 
litres; for formic acid, at about 1000; and for 
butyric fcteid, at abouL r 0,000 litres. 

The influence oLflw dilution on the relative 
affinities Varies Vaely for the different acids, as 
has already beo^soen. It seemed therefore very 
doubtful wither much importance could bo 
attached ter these values as natural constants 
on wl^ch tho action of the acid as such d< 

|>ends. In the law of dilution, as enunciate! 
above, there has been found the proof that 


% J 

w# v 


Acid 

a 

4 

litres 

32 

litres 

258 

litres 

Hydrochloric IIC1 

80-9 

870 

89-9 

Hydrobromic UBr . 

83-4 

87-9 

89-6 

Jlydriodie HI 
Hydrofluoric HF 

83-2 

89-6 

89-7 

6-64 

1314 

80-3 

Hydrocyanic HCN . 

0'077 

0-108 

— 

Suiphocyanic I1SCN. 

79-3 

84-2 o 

86-5 

BulphytJric II a S. 

— 

0-214 

— 

Ferrocy anioHjFe (CN) „ 

« 

— 

205-9 

250-7 



Awe ftoiai wmcn do noljopntain oxygen shotf 
ffreat differences: HQ1< ilBr, HI, form a group 
T>f strong acids, while HP is much weaker; HON 
can soaroely W called an acid; H s S is slightly 
stronger; but if cyanogen combines wit* sul¬ 
phur and hydrogen sulphocy^nic acid is formed 
the strength of which approaches that of hydro¬ 
chloric acid. Fcrrocyanic acid is also a strong 
acid, though made up of the neutral iron cyanide 
and the weakly acid hydrogen cyanide. 


Acid 

4 

litres 

32 

litres 

256 

litres 

Nitrio HNO, 

. 80 - 4 

80-3 

88-4 

Chloric HC10, . 

. 80-2 

85-3 

88-7 

Perchloric HC10 4 . 

. 82-2 

88-1 

89-9 

Bromic HBrOj 

. - 

79-4 

8(1-3 

Iodic HIO, . 

. r.o-c 

72-3 

81*8 

Periodic H s IO s . 

. 23-7 

40'2 

70-7 


HN0 3 , HC10 3 , HC10 4 closely follow the halogen 
hydracids; HBrO s is weaker; HIO, is still weaker; 
and H s IO„ shows this decrease in strength to a 
marked oxtent. A similar relation « shown by 
the acids of phosphorus. 


Acid 

4 

litres 

32 

litres 

256 

litres 

Hypophospliorous H,PO, 

37-91 

02-1 

77-84 

Phosphorous II,PO ; , 

34-29 

50-90 

74-54 

Ortliophosphoric 1I 3 P0 4 

17-00 

31-41 

01-8 






Sulphurous H,SO s 
Sulphuric ILS0 4 . 
Dithionic HoS-As . 
Tetrathionic H 2 S 4 0, 
Selenious H 2 SeO a . 
Selenio H^SeO* . 


1919 41*6 
9(^4 11(>-3 



Here too the acids become weaker as the amount 
of oxygen increases. The opposite relation is 


Monoohloraoetlo 0H.04C0.H 698 

Diehlorocetio CHOI,CO,H . 84*8 
Trichloracetlo 001,00,H . 65*9 
MonobroraacctJcOH,BrCO,H — 
Cyanacetlc CH.CJNCaH , 10-6 
«Bromopropionic 

CII a CnBrCO,H 7'8 7 
Alodopropionio 

CH,IOH.OO,H 1-834 


The chlorinated acids are seen to increase ii 
strength as the amount of chlorine increases 
but even trichloracetio acid does not reach th< 
value for hydrochloric acid. The substitute 
of bromine, or cyanogen, for hydrogen aots ir 
the same way as the substitution of chlorine; 
the action of cyanogen is much more marked 
than that of bromine. Introduction of the group 
OH for II in the fatty acids increases the strength 
of the acids, although not to so great an extent 
as is noticed in the preceding table. 


0lycolicClT,OFTCO a H . . . 

Glvoxvlie COH.COjH . 

1 ..-wtic 0 J 1*0 H 01T 00,11 
/9Uxy propionic Ci£,OHCJT,CO,Tt. 
'J’ ric h loro lactic CC1.CH01100, II. 
1’ vr uvic C H ,0000,11 . 

Glyceric UH,0HU]10HC0,H . 
•Oxvbutyric C,W S CH01IC0,JI . 
fii'txy buty ric C i £,C11 OHC H,CO ,TI 
Oxyiaobutyric (C1I,),C0HC0,II. 
JI'-Mioxyiicetic Cil a OCIl a CO,K . 
Kthoxy acetic C1I,0C,I1,U0,H . 
DiVIycolic 0(011,00,11), . . 

Tluodigly colic S^Oil.CO.H), . 



4 

litres 

32 

litres 

256 

litjes 

2*08 

5*77 

15*09 

365 

6-83 

24*51 

1-94 

6*49 

14-42 

0*896 

2*63 

7*18 

110 

27*7 

54*8 

9*05 

221 

43-8 

2*40 

6*87 

17-9 

1-44 

3*99 

10-08 

1*31 

3*4 

7-70 

1 98 

5*07 

12-81 

2*99 

8*29 

20-75 

2*41) 

6*94 

17-98 

5*00 

! 13*78 

1 83-68 

~ 

11*73 

28-22 




Appreciable differences are shown in the first 
three members only. 

When ohlorine, bromine, iodine, or cyanogen, 
is substituted for hydrogen, the aoid £ praetor 
increase*. * 


4 32 256 

litres litres litres 


79-8 
37-7 
10*03 
30*8 
1819 
29*59 
85*06 
6*99 
6 * 6 * 

2*97 8*63 22-28 

6*05 13*G8 33*15 
507 13*04 33*19 
12*14 29*78 
16*39 


* By extrapolation. 

As the distance between two oarboxyls in¬ 
creases the dibasic acids rapidly weaker; 

sebacic acid is scarcely strongcS jdian the higher 
acids of the acetic scries. Of the isomeridos, 
succinic acid and isosuccinic or methylmalonic 
acid, the latter has the carboxyls nearer together, 
r id is therefore the stronger. Tartario adtd and 
/acemic acid 6how no difference; hence the 
latter when in solution is not a compound of 





































































rigM-hffioded and left-handed tartaric acid, aa Ifl 
th» case in the crystalline form, but it is rather 
a mixture of the two. 

The derivatives of benzdic acid are of special 
Interest owing to the conditions under which 
Isomerism occurs in this series. The following 
have been investigated/— r 


Benzole O.H.CO.H . . . . - 

Oxybenzoio £1:2] 0,11*01100,11 . — ^ 33*0- 

” [1:4] m • 2‘3'J 6 05 j 

Nltrobenzoio [1:2] 0*H 4 N0 a C0 a TI. — 64'34 

[1:3] „ • - 2033 ; 

„ [1:4] „ . — 22*0* 

Ohlorobenzoio [1:2] C,H 4 CiCO,H . — 32-54 

„ [1.3] „ . — 1*'13 

” [1:4] „ . - 12*7* 

Bromobenzolo [1:2] 0,n 4 BrC0,lI . — 38-H9 

. 0=3] „ - ~ 

• By extrapolation. 

The substituting radiclo always exerts most in¬ 
fluence on the strength of the acids when it is in 
the ortho position. There is little differeneo 
between the meta and para positions. It is 
strange that para-oxybenzoic acid^ should bo 
weaker than benzoic acid itself, as in all other 
oases the introduction of OH increases the 
strength of the acid. This points to the con¬ 
clusion that the aflinity-forccs are of the nature 
of vector quantities, that is, that they are directed 
foroes the resultants of which cannot be put as 
simply equal to the sums of the components. 
The other acids of the aromatic (or benzenoid) 
group for which measurements have been made 
are as follows:— 

. 3! 256 

acta litres litres 


Amfdobenzeoe Bulphonic [1:31 

O.H.Nir.SO.H 4-55 
Amide benzene aalphonia [1: *1 

C.H.NJJ.SO.TI 10-81 
Kononitropbenol [1:21 C,1I.N0,0U 

„ [1:3] „ OH 

” [1:4] „ 017 

Dinitroplienoip:2,l:4]C,n,fXO,),on — 

Trlnitroidienol [1:3:51 C,H,(NO,),OH — 
Anisic o.H.ocn.co.H . . • — 

•TdiUie C.H,CII,CO,l[ . . . 3-51 

Phen vlglyeolic 0. U,Oif OH CO,TI * 3*02 

Pheuozyscetic 0,11,0011,00,11 . • 12*57 

P&ttuilio[l:2]C,B.(C0,lI), . . 16*15 

. „ [1:3] - 

Hltrophtliaiic C,H,(NO,) (00,11), . 33*62 


The introduction of NH, into benzene sul- 
pbonio acid, which is nearly as strong as hydro¬ 
chloric acid, is accompanied by the production 
of a much weakef'aeid. The meta-acid is weaker 
than the para-acid. The three nitrophenols 
show the gradation ortho, para, meta, in the 
same way as the nitrobenzoic acids. The phe- 
< ’nols Apidly increase in strength with the 
number pt NO., ga4ps tliey contain. Another 
point of intereswis the difference exhibited by 
: the isomeridgi^anisic acid, phenylglycolic acid, 
and phemy*C'ac,:tic acid. Orthophthalio acid 
greatly exceeds metaphthalic acid in strength j 
whilst its two nitro derivatives, the a compound, 
in which the NO, group is adjacent to the cli- 
boxyl, proves itself superior to the 0 derivative 
in which there is a greater distance between the 



Acid " 

4 

litres 

121 

Acrylio O a TI s CO,H • • . 
Crotonic U a H,C0,H . • . 

1-25 

0728 

3-46 

216 

13*52 

Malcio [°.H.CO,H . . . 

17*46 

39-15 

Citraconio ] 

3-56 

24-05 

Itaoonio J- C,H 4 C0,H 

1-32 

6-33 

Mosaconic) 

— 

11-93 

liydroclnnammie C 4 TT 4 C a TT 4 CO a IT 

— 

2-26 

Ciuuaminic CaTI.CaHaCOaH . 

—> 

— 

l'hcnylpropiolic C 4 lI,C a (JU,lI . 

— 

27-G6 

Hydrosorbic C,H,CO,E . 

— 

2-23 

Sorbic C.H,CO a I I. 
aliroiuocinnammic 



C 4 ll 4 0,n BrC O a H 
/sBromociunammic 


— 

C.H,C a TIBrCO a H 

— 

— 

Mocouic C s H0 a 011(C0 a lI) t . 

— 

102-1 

QuiniaC a H T (0H) 4 C0,H . . 

— 

7-31 

Camphoric C,H,C,H,CO a II. 

— 

— 



On comparing acrylic with propionic acid, 
crolonic with butyric acid, fumaric and maleic 
with succinic acid, and citraconio, itaconic, and 
inesaconic with pyrotartaric acid, it is evident 
that for each withdrawal of H, the acid becomes 
stronger. These relations become very con¬ 
spicuous when we compare hydrocinnammic with 
cinnammic and plienylpropiolic acid, and hydro- 
sorbic with sorbic acid. As regards the peculiari¬ 
ties of the dibasic unsaturated acids, they oan 
only bo just mentioned. Meconio acid, which 
stands by itself, is conspicuous by its great 
strength. It is the strongest of all acids which 
oonsist of carbon, oxygen, and hydrogen only, 
and it approaches very/iear to sulphurio acid. 
There is evidently some connexion between 
tliis property and the small amount of hydrogen 
this acid contains. 

The introduction of amidogen and similar 
radicles makes the acids weaker. 


... 8 32 258 

■ A - Cld litres litres litre* 


AmidoaccticCII a NIT 3 CO,H . 
liipputie, 

C H,N IT (C,H,CO)CO,H . 

Acetyl uni Moacctio 
ClTjNH (Cl 1 ,CO)CO a H . 

Oxauiic CONH a OO a Ii . . 

Oxa’uric 

CO(NHCONTT a )CO,H 
raritbanic (CON 11 ) a CO 


The introduction of the NH 2 group into acetio 
acid is attended with a great reduction of the 
strength of the acid. This^'cid is considerably 
loss weakened when one of the hydrogens in the 
Nil, group is replaced by the negative radicle 
benzoyl or acetyl. Oxalic acid is also weakened* 
by introducing the NH, group. On the other 
hand tho introduction of the urea residue 
(NHCONIl.) into oxalio acid only slightly 
decreases the conductivity of the oxalio aoiu. 
Parabanio acid does not contain the carboxyl 
group, nor does it behave at all like an acid, 
since it j conductivity increases but slightly with 
dilution. 

The conditions of affinity among aeida form 
the beat-known part of the theory of affinity. 


— 57*03 74*28 

43*35 48*23 53*98 
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OBr Stnowi»dg« conoerning the bases ia maoh 
,mor» eoanty. From the faot that the relative 
affinities of aoide are independent of the nature 
of the bases, we can infer that the relative 
affinities of the bases must also be independent 
of the nature of the acids IJ. pr. [2] 16,422). 
It is highly probable that the same laws hold 
for bases as for acids. 

It must, however, be admitted that thero is 
great lack of experimental data in this depart¬ 
ment. Some experiments of Menschutlcin (0. R. 
96, 266), who drew from them the conclusion 
that Bertholiet's law of the influence of mass 
does not hold, prove only that under the condi¬ 
tions of the experiment the relative affinities of 
the bases compared—potash to aniline, to tri- 
methylamine, and to ammonia, in alcoholic 
solutions—are very different. The same fact was 
proved by some thermo-chemical experiments of 
Berthelot. 

Nor have many experiments been mado by 
the kinetical method. Warder ( B. 14, 1361) 
who first applied this method to bases, measured 
the velocity of decomposition of cthylic acetate. 
An investigation made by ltcicher (Van’t Iloff, 

* Dyn. chirn. 107) in connexion with Warder’s 
work, showed that the velocity of tho reaction 
is nearly the same for potash, soda, and baryta, 
the electrical conductivities being also nearly 
the same. 

Ostwald (J. pr. [2] 33,362) has recently in¬ 
vestigated the electrical conductivities of some 
bases. The alkalis KOII, NaOH, LiOII, are 
strong bases; they have nearly the same con¬ 
ductivities. T10H acts as an alkali. The con¬ 
ductivities of CaO JL, SrO.JI,, and llaO.H,, 
referred to masses equivalent to NaOlI, Ac., arc 
the samo^is those of NaOH, Ac.; the molecular 
conductivities of OJO.,II 2 , Ac., are, however, 
double those of NaOH, Ac. Ammonia is 


chemical ednsiitatJon of the acids used. The 
values obtained do not, however, lend themselves 
to the determination of coefficients of affinity; 
and the investigations themselves cannot there¬ 
fore be considered hero at greater length. The 
work of Horstmann (B. 12, 64), and of Dixon 
(T. 1884. 617), on incomplete oombustion oan 
likewise only be fflentioffed. 

Little attention has as yet been directod to 
the investigation of the influence of temperature 
on tho velocities of reactions, and on the con¬ 
stants of affinity. For the case of the inver¬ 
sion of cane sugar there are the investigations of 
Wilhelmy, Urech, and Bpohr; for the velocity 
of etherification there are those of Berthelot and 
P. de St. Gilles, as well as those of Menschutkin. 
The whole question has been thoroughly investi¬ 
gated by Van’t Ilofl. By applying the dynamical 
theory of heat ho finds that the equation for the 
relation between tho temperature and the velo¬ 
city of the reaction, k, must be of the form 
d log k A 
-TT m 

where t is the absolute temperature, and A and 
B are constants. 

Van’t Hoif has also shown that for several 
reactions the observed facts can be very well re¬ 
presented by such a formula. For details the 
hook of Van’t Iloff which has been mentioned 
must be consulted. 

Berthelot and P. de St. Gilles havo found that 
the chemical equilibrium of etherification is in¬ 
dependent of the temperature within a wide 
range. Ostwald established the same general¬ 
isation for the relative affinities of various acids, 
Van’t Hoff shows by the help of the dynamical 
theory of heat that this will occur when the 


reactions producing equilibrium do not give an 
, appreciable thermal effect as their resultant, 
weak baso; its conductivity is much influenced j Moreover, when this is not the case, with a fall 
by dilution; the variations in the molecular con- I of temperature the equilibrium shifts in favour 
duotivity follow the same law as was observed , of that reaction which produces more heat than 
*- - TT * ™ 1 tho reverse one (/. c. 107). 


for acids. Substitution of*H or H 2 in Nil, by 
CH 3 , C.II 5 , and other alkyl groups, increases the 
strength of tho baso ; but N(CII 3 ) 3 and N(CJ-I.), 
are weaker bases than NII(CH 3 ) 2 and NIl(C 2 H s j 2 . 
These bases all follow tho same law of dilution. 
The non-volatile ammonium bases, c.g. NMe 4 OII 
—and also tho base (C.,H.) 3 S(OII),_,—exhibit con¬ 
ductivities nearly the same as "those of the 
alkalis; guanidine is a little weaker, hut belongs 
more to the ammonium bases than to the de¬ 
rivatives of ammonia. 

In a memoir not yet published, Ostwald shows 
that these conclusions are confirmed by kinetical 
experiments on tho saponification of cthylic 
acetate. m 

Besides the investigations which have led to 
numerical values for certain constants of affinity, 
there are numerous others from which such 
quantities cannot be deduced, becauso the re¬ 
actions investigated were too complex. To this 
daBS belong principally tho works of Berthelot 
and P. de St. Gilles on etlferifioation, and the 
investigations of Menschutkin (collected in A. Ch. 
[6] 80, 81) on the same subject. 

Tire importance of the first of these in 


We have now arrived at the point where wa 
must take \^p the problem concerning the rela¬ 
tion between affinity and production of heat. Aa 
soon as it had been recognised that the thermal 
action accompanying a chemical reaction was 
tho measure of the chemical encigy used up 
therein, an attempt was made to apply this to 
the question of affinity. 

In 1851, J. Thomsen enunciated the following 
laws ( P. 02, 34). The magnitude of the force 
evolved in the formation of a compound is equal 
! to the quantity of heat produced. When a com¬ 
pound is decomposed by another body the reason 
for this is that the stronger affinities satisfy them¬ 
selves ; hence decomposition must be accompa¬ 
nied by an evolution of force. Since chemical 
force when liberated under ordinary conditions 
generally manifests itself as an evolutvn of heat, 
it follows that ‘ every simple cr complex effect of a 
purely chemical nature. ,\s rpeompanied by pro- 
duction of heat.' 

This deduction, plausible ti.mgh it seems at 
first sight, is not correct. Heatdo^s not measure 
forces but quantities of energy; hence the 


Chemical dynamics has already been Anphasisedf chemical production of heat does not t£l ub any. 
The latter have brought out interesting connotf thing concerning the intensity of ohemical forces: 
tm* between the reactions observed and tKe it if only the product of their (mean) value (#; 





sxmnrfr 

^ be tones of attnetion) Into they are aooompaaled by a positive or negative ' 

the apaoe passed over by the atoms that is a' production of heat, and the law is that that 
quantity of energy, and as snoh is measurable equilibrium shifts the more in favour of the 
by thermal methods. Sincf we know nothing positive thermal production the lower is the tem- 
abont the spaces passed over by the atoms, and, poratwe. It is, however, only at absolute zero 
moreover, cannot assume that the spaces are the that the reaction .would take place in one 
same for all compounds, no conclusion regarding direction only (if at this temperature ohemical 
the ehemioal forces cSn be'aceurately drawn reactions are at all possible); and it is only far 
from measurements of the quantities of heat this limiting case that a law of maximum 
produced in ohemical reactions. thermal oifoot would hold good. 

To point out the old mistake would have This is all that the law of the maximum 
been unoalled for, were it not that Berthelot has thermal effect really contains ; it is a limiting 
of late years enunciated an analogous erroneous case from whioh the actual conditions differ the 
4 law,’ which, he has defended with great more the higher is tho temperature. Since the 
warmth. It is the more necessary to submit temperature at which ordinary ehemioal re- 
this theory to criticism, as, owing to tho groat actions occur is not very high, the reactions no¬ 
prestige whioh the renovator of this old mistake companied by production of heat preponderate, 
enjoys—a prestige he owes to his excellent ex- This had been already noticed by Thomsen, and 
perimental researches—the theory is surrounded the approximation to truth contained in the law 
as it were by a halo which has deterred many we certainly owe to him. 
from closely examining it. Berthelot formu- What Berthelot has added refers to tho 
lates. his law as follows : 1 Tout changement cases of ohemical equilibrium which have been 
chimique accompli sans Tintervention d'une established beyond doubt, and which, according 
inergie itrangirc tend vers la production du to the principle of maximum work, ought not to 
corps, ou du systime de corps, gui digage le plus I occur; this law asserts that because one of two 
dechaleur.’ And further: 'Touts reaction , reciprocal reactions is attended with production * 
chimique susceptible d’etre accomplie sans le j of heat that ono ought to tako placo exclu- 
concours d'un travailpriliminaire et en dehors | sivoly. It is Berthelot’s endeavour to reduce 
de Vintervention d’une inergie itrangire d cells j all reactions in which chemical equilibrium has 
dee corps presents dans le systime, sc produit 1 been observed to cases of partial dissociation, 
nicessairemenl, si elle digage de la chalmr.' wherein the masses of the reacting bodies do 
By a vague connexion with general dynamics, not act as wholes. To accomplish this, he is 
Berthelot oalls this the principle of maximum obliged to call reactions of a purely chemical 
work. Ho assumes it to follow as a natural | nature, dissociations; for example, tho decoin- 
consequence from the dynamical theory of heat, j position of acid sodium sulphate in aqueous 
This view is erroneous. There is no such j solution, a roaotion brought about by the affinity 
thing as a.law according to which a dynamical between sulphuric acid and water. The whole 
system is in equilibrium when the greatest pos- explanation resolves itself into reasoning in a 
sible quantity of its potential energy has been circle. It need scarcely beftaid that an explana- 
ehanged into actual energy; but this would bo tion of this kind cannot account for tho laws by 
the dynamical analogue of the so-called chemical which the chemical equilibrium, the velocity of 
i ftw - . chemical reactions, and the electrical conduo- 

. There does, however, exist a law in the dyna- tivities of the reacting bodies, arc connected, 
mical theory of heat according to which a system There is no doutit that, with tho possibility 
is in. equilibrium when it has attained to the of a more general application of tho laws of 
maximum entropy. This function, which was entropy to chemical reactions, thermochcmical 
first introduced by Clausius, is, like 'the onergy data will become important and fundamental 
of a sy|tem, entirely dependent on the condition means for the investigation of tiio relations of 
of the system j it is defined by tho equation, affinity. Moreover, there is little doubt that 
dQ , „ . , . , „ Borgmann’s theory of affinity, revived in a 

“"“■js 1 where S stands for entropy, Q for a thermochcmical form, is not the solution of the 
. , problem, and that, in spito of its modern 

quantity of heat given to the body, and Tfor the appearance, it can as littlo keep its ground 
absolute temperature. Horstmunn (A. 170, 192), against Berthollet’s far-reaching views as it could 
was the first to apply this law to chemical in its older form. 

phenomena. The investigation has also been Of all the great old-standing problems of 
earned out very fully by Willard Gibbs. Unfor- chemistry, that of chemical affinity has been 
innately, the law is gf very limited application, least developed. The general relations and laws 
The integration can only bo accomplished if tho given in this article refer only to a limited number 
Bubstances experimented with are perfect gases: of substances, and to a limited number of reac- 
Horstmann has shown that the law of entropy tions; many pprts of tho question have not yet 
th|n leads to the same result as is attained by ap- been investigated at all. Great and important 
plying Guluberg and Waa&e’s law of the influence progress has, however, been achieved by Berthol- 
I? 11 *? 88, iV* 11 , 8 “jwhaiftfcus l> een supplied from let’s enunciation, and Guldberg and Waage’s 
the theoretical side with a valuable confirmation, rational formulationjof tho law of active masses. 

As far as we cam tell, the law of entropy docs It must, however, be admitted that there are some 
not generally tead to reactions which are quite reactions which seem to contradict this law, and 
completed on one side, but rather to conditions which cannot be explained by it when tafcen in 
oi oneraifal equilibrium between opposite pro- its simple term. It is not neoessary to reject the 
oosses. According to Van’t Hoff ( l.c . p. 153), \ w on tliis acoount, as has been done by some. 

~TP ese processes vary with the temperature, if Tiie actual oonUitions of each experiment ws make 
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bto *0 complex that we are not able to completely, starch. Manjr agarics contain fum&rie arid,, 
•apply the law of the influence of mass. We sometimes associated with malic or citric acid, 
must content^ ourselves with an approximation Agaricus bulbosus and A. integer yield 
which does not always lie within the limits of crystallisable hydrochlorides and platino- 
experimental errors. The motions of thf stars chlorides of basic bodies (Thbrner). # . 
cannot yet be represented in strict accordance Agaricus ruber or sanguineus contains a 
with.the law of gravitation; yet the first np- colouring-matter, j’ube^ine, soluble in water 
proximation is sufficient to remove any doubts and in alcohol. It is rose-red by transmitted 
as to the validity of the law. The law of the light, having two absorption bands in the green* 
influence of mass in its simple application is also but it exhibits strong blue fluorescence. Dilute, 
only true to a sufficient approximation in thos e IIC1 extracts an alkaloid, agarythrine, from 
cases in whioh the effects considered are of great tho fungus; this alkaloid is converted by 
magnitude as compared with those neglected, oxidising agents into a red substance, possibly 
(In connexion with affinity v. Physical mkihods; ruberine (T. L. Phipson, G. N. 46,199). 
section Optical.) W. 0. Agaricus integer , contains an acid, with 

AGAR-AGAR or Bengal Isinglass. following properties: whito needles [70°], very 

A vegetable gum obtained in China from sea- soluble in ether, benzene, CS 2 , CIIClj, hot 
weeds : Euchcvma spinosnm , sphccrococcus alcohol and acetic acid, insoluble in water, and 
lichenoides , spinosus, and tenor. Transparent cold alcohol and acetic acid.—A'.,Pb: insoluble 
colourless strips, almost completely soluble in white pp. [114°]. The alkaline salts are sparingly 
water: forms a large quantity of thick, taste- solublo in cold water, and the salts of the heavy 
less, and odourless jelly. Dilute H 2 S0 4 forms metals, insoluble (Thorner, B. 12, 1635). 
galactose, characterised by its conversion into Agaricus a tramentosus yields to boiling ether 

galactonio acid by Br 2 and Ag 2 0. This galactose a dioxyquinone Cj^O^OIIJj. Dark brown 
is formed from a carbohydrate, C 0 H lo O % , present metallic-shining lamina;, dissolving with yellow 
’ in the agar-agar (Bauer, J.pr. [2] 30, 367). colour in alkalis, insoluble in water, ether, light 
AGARICIC ACID petroleum, benzene, chloroform and CS 2 . Sub- 

C 16 H ?0 O 4 aq. [139°] (J.); [145*7°] (¥.). S. *8 at 15°. limes with great difficulty in yellow microscopic 
Obtained, together with agaric resin, from the tablets. It is reduced by boiling its alcoholic 
larch-fungus (Boletus Lands ) by extraction solution with zinc-dust, the resulting colourless 
with dry ether (Fleury, 0. B. 70, 53) or with liquid becoming yellow-green again on exposure 
90 p.c. alcohol (Jahns, Ar. Ph. [3] 21, 221,260). to the air. The ammonium salt is a green 
Four-sided, silvery plates (from 90 p.c. crystalline powder, dissolving readily in water 
alcohol at 50°) or prisms (from dry alcohol), with violet colour, nearly insoluble in boiling; 
V. sol. hot glacial HO Ac or oil of turpentine, absolute alcohol.— Basalt : dingy flesh-coloured 
m. sol. chloroform or ether, v. si. sol. benzene or crystalline precipitate (Thorner, B. 11, 533)* 
cold water. Swells up and dissolves in boiling The diacetyl derivative C 15 H, 2 0 4 = C u H # 0 2 (0Ac) t 
water but crystallises out again on cooling, forms small reddish yellow tablets. 

Oxidised by IIN0 3 to Butyric and succinic acids. Boletus Laricis contains besides ag&ricio 
Salts.— -Amorphous, insoluble pps. Tho acid and (25 p.c. of) agaric resin also 3 to 5 p.c* 
neutral salts, M-.C^H^Oj lose H a O at 120° of a neutral body, whicli crystallises in needles* 
becoming M 9t C l gH 2g 0 4 .—NH 4 HA".—Na.A" (at [272°], and may be sublimed (E. Jahns, J. 1883* 
120°).— K 2 A".—BaA".—Ag 2 £/': gelatinous pp. 1100). H. W. 

Hot alcoholic solutions give, with AgN0 3 , a pp. AGAVE. Well preserved juice of Agavs 
of Ag 2 C ia H 2H 0 4 (Jahns). amcricana, sp. gr. 1*046 at 15° was found by 

AGARICIN. The fly-agaric ( Agaricus albus) J. Boussing«ult (A. Ch. [4] 11, 447) to contain 
yields to alcohol a non-nitrogonous crystalline . in 1000 parts: 26*45 levulosc, 61*71 saccharose, 
powder having a sweet taste with bitter pungent ' 3*53 malic acid, 5*45 gum, 10*13 album*, 0*06 
aftertaste; slightly soluble in water, insoluble ammonia, 6*21, inorganic salts, and 886*46 water* 
in ether; decomposed by boiling with dilute H. W. 

acids, or by contact with saliva, yielding a AGEorAXIN. The fat of Coccus Axin grow- 
substance which exerts a slight reducing power ing in Mexico, consists of the glycerides of Iaurio 
on alkaline copper-solution (Schoonbroodt, J. and axinic acids (Hoppe, J. 1860,324). H. W. 
1804, 613). According to Jahns (J. 1883, 1400) AGGREGATION, STATES OF.—In this ar- 
it is identical with agaricic acid. II. W. ticlo the differences between the properties of 

AGARIC RESIN v. Aoakicic Acin. bodies in tho solid, the liquid, and the gaseous, 

Bed, amorphous, solid; melts at 89*7°; dis- condition, are looked upon as due to difler- 
lolves in absoli^ alcohol, ether, wood-spirit, cnees in the state of aggregation of those small 
and chloroform, but is insoluble in water, ! particles, of which, according to the molecular 
benzene, and CS 2 ; slightly bitter; dissolves in theory of tho constitution of matter, all bodiea 
alkalis. Na salt precipitated by altohol in Hocks are composed. According to this theory, out 
changing in 24 hours into long needles. Forms power of subdividing patter cannot 4)6 carried 
precipitates, mostly crystalline with metallic beyond a certain limit, whatever means—chemi- 
salts (Fleury, C. R. 70, 53). H. W. cal, physical, or mechanical—we Anploy* In 

AGARICUS. A genus *of Fungi. Many other words, the theory asserts that the largest 
fungi, especially the agarics, contain an amount quantity of a body which we cannot subdivide by 
of nitrogen exceeding that in peas and beans, any means in our power is of finite size; it it 
varyiifg from 3*19 p.c. to 7*26 p.c. (Schlossberger called the atom of the substance of which th* 
O. Dopping, A. 62, 106). • ji body is composed. Each elementary \ody ha* 

The solid tissue consists of cellylose. Agaric j its peculiar atom, and the union of atoms of 
contain mannite and fermentable sugar, but ho different kinds forms the smallest quantity 
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aggregation? 


■'Aioh can exist of a compound substance; th {<4 
"however, cannot, in accordance with the defini¬ 
tion, be called an atom, sjnee, by the nature, of 
the case, it can be divided'ey ohemical, and often 
even by physical, means. Though matter can be 
divided down into atoms by chemical means, 
yet we have reason *o believe that when only 
physical processes are going on the sub-division 
of matter is not in general carried so far; and 
that just as in an army, though the unit is the 
individual soldier, yet for military purposes the 
soldiers forming a regimont always act together, 
so in matter, groups of atoms, called molecules, 
remain together for a considerable time. The 
molecule, however, is a very much less definite 
thing than the atom, and it must not be assumed 
without proof in each case that the term has 
always a definite meaning, or that there may 
not in the same body be molecules consisting of 
very different numbers of atoms. There is 
strong evidence, too. that, in some cases at any 
rote, the molecule does not always consist of the 
same atoms; the molecule after a time seems to 
break up and the constituent atoms find fresh 
partners. In some cases, however, such ns 
those of the permanent gases, we have reason 
to believe that the number of molecules which 
consist of tho samo number—say x—of atoms, 
is enormously greater than the number of those 
consisting of any other number of atoms. If, 
however, we raise the temperature, then, in tho 
case of some gases at any rate, dissociation sets 
in; that is, there are now a considerable number 
of molecules in which the number of atoms is 
less than x ; this is shown by the abnormally 
amall densities of such gases at high temperatures. 
On the other hand, the density of a vapour near 
its point of condensation is often abnormally 
great, as in the case of acetic, formic, and mono- 
ohloracetio, acid; a part at any rate of this 
inorease in density would seem to bo duo to the 
formation of molecules consisting of a greater 
number of atoms than tlioso formed when the j 
temperature was raised far above that of the 
point of condensation. 

According to the molecular theory of matter, 
the difference between the molecular constitution 
of bon ies in the solid, liquid, and gaseous, state 
t8 that in the solid state the molecules oscillate 
about a position of equilibrium and never got ( 
far from thoir original position in the body; in ! 
the liquid state tho molecules are supposed not | 
to oscillate about positions of equilibrium, but 
to bo comparatively free to movo in any direc¬ 
tion; they cannot, however, move far without 
coming under the influence of other molecules, 
so that their courses are constantly being 
changed and do not bear any approximation to 
straight lines; in the gaseous state the mole¬ 
cules are so far apart thnt^for the greater part 
of the time they are describing straight lines, 
(he timemuring whichHhcy are under the influ¬ 
ence of (jther molecules being an exceedingly 
small fraction of the whole time. 

We must be careful to remember that there 
is no evidence that tho molecules in the liquid 
or solid state consist of the same number of 
Atoms £8 those of the same substance in theL,! 
gaseous state; but that.on the contrary it seemsv 
most probable that in the solid and liquid states V 
the moleoules are systems whose complexity is | 


not only Very different from the 
the gaseous state but that these molecular aggri 
gations vary very muoh in complexity among 
themselves. These molecular aggregations are 
probably not permanent but are continually 
breaking up and their constituents changing 
partners ; this breaking up and re-formation of 
tho molecular aggregations would produce the 
same effect as the collisions between tho mole¬ 
cules of a gas, that is, it would tend to equalise 
the distribution of momentum and energy, so that 
it would make tho substance possess viscosity, 
and bo able to conduct heat. In fact, the 
collision between two molecules of a gas is the 
formation and breaking up of a molecular aggre¬ 
gation, and tho difference between this case and 
that of a solid or a liquid is that the ratio of the 
time the molecular aggregation lasts to the time 
which elapses between the formation of suo’ 
cessive aggregations is much smaller in the case 
of the gas than in that of the liquid or solid. 
The simplest state of aggregation we can imagine 
is one whero the molecule and tho atom are 
identical, that is, whero the molecule consists of 
only one atom; this case is realised by a mon¬ 
atomic gas such as mercury, and possibly by all 
gases when tho temperature is sutliciently high. 
The properties of matter in this state have not 
been investigated with special regard to tho 
differences between this and more complex 
states of aggregation ; Schuster ( Pr . 1885), how¬ 
ever, lias shown that tho phenomena of tho 
electric discharge through mercury vapour are 
quite different from those occurring in a gas 
whose molecules are polyatomic. 

In the case of most elementary gases the 
molecules consist generally of two atoms, and 
this case has received b)*far the largest amount 
of attention both from the experimental and the 
theoretical point of view. The most important 
results of the kinetic theory of gases from tho 
chemical pointof view arelirst, Avogadvo’s law, 
which states that«in equal volumes of all gases 
at the same temperature and pressure thero are 
the same numbers of molecules. From this it 
follows at once that, as long a3 all the molecules 
consist of tho samo number of atoms, tho ratio 
of the molecular weights of two gases is tho 
same as the ratio of their densities. It must, 
however, ho clearly understood that this result 
is only true for perfect gases, that is, for gases 
in which tho pressure is produced entirely by 
the striking of the molecules against the sides 
of tho vessel containing tho gas, and not at all 
by tho force between tho molecules. If a gas 
obeys Boyle’s law it is a perfect gas for this 
purpose, and we may apply Avogadro’s law to it; 
this law is not, however, applicable when Boyle's 
law does not hold. If the departure from tho 
law bo slighj, and if tip be the deviation of pres* 
sure from that given by Boyle’s law, then the 
number of molecules in unit volume will equal 
the number in tho same volume of a perfect gas 
at tho same temperature and pressure multiplied 

by 1 - , where p is the pressure. Th is eorreo- 

tion is qvite appreciable in the case,of all but 
the most permanent gases. Maxwell invest!* 
gated the distribution of velocity among the 
molecules of a gas, and showed that when the 
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cu mi in a steady state the molecules could involved j It we Increased all the lengths pro- 
•not ill be moving with the same velocity; he portionately to the rarefaction, the gas would 
gave (P.M. [4% 19, 22) a formula which tells how not show any of those properties which character- 
many molecules there are whose velocities are ise the so-called uRra-gaseous state, while, on 
between any assigned limits. We shalrhere, the other hand, if we experimented with small 
however, only give a few numbers calculated from enough instruments we could get all the ultra- 
that formula. To take the case of oxygen at gaseous effects mi^iifest^l by a gas at the atmo* 
0 3 C., about 2' the molecules are moving with spherio pressure. 

velocities of between 300 and COO metres per The distribution of energy among the mole- 
second, about } between 300 and 100, only cules is of much chemical interest. It seems, 
about YotJ with velocities less than 100 metres however, that in ono respect the. results of 
per second, and not part with velocities theory have been misinterpreted; it has been 
greater than 1,200 metres per second. The said that because iodine, for example, is dis- 
velocities with which the molecules of tho same sociated at a temperature a little over 600°, and 
.gas are moving at diffoicnt temperatures are since in iodino at any temperature therb are 
proportional to the square ro >ts of the absolute some molecules possessing the same amount of 
temperatures; thus the distribution of velocity energy as those which are split up at 600°, that 
among the molecules of oxygen at 273°0. would therefore these molecules ought to be split up, 
be got by multiplying by V2 all the velocities at i and if any substanco were present capable of 
0°0. The velocities with which the molecules j combining with free iodine tho whole of the 
of different gases are moving at the same tom- iodine would ultimately combine with this sub- 
perature are inversely proportional to the square stance. Now although there are apparently no 
roots of their molecular weights; thus, for experiments which may be called secular to say 
example, the velocities of the hydrogen mole- whether or not this would ultimately happen, 
cules are on a scale four times as great as that yet it is certain that it does not happen so quickly 
of the oxygen molecules. as theory would indicate, if every molecule 

We can estimate by the methods of tho which possessed the same kinetic energy as 
kinetic theory of gases (see Meyer, Die Kina - that possessed by the average molecule at G00® 
tische Tlieorie tier Gase ) the number of mole- were straightway dissociated and entered into 
cules in a cubic centimetre of tho gas, and tho combination with the other substances present; 
diameter of tho molecule, if tho molcculo is there seems, however, to be no reason why thiB 
looked on as a hard elastic sphere; or if the should be the case, for though one molecule at 
molecule be considered as a system, wo can 0° may have the same energy as one at G00°, 
estimate the distanco between two molecules yet dissociation must depend upon the surround- 
when their paths become appreciably curved, ing molecules as well as upon tho molecule 
We find as tho result of such calculations itself. Now the molcculo at G00 3 , though it 

that there aro about 21 trillion molecules possesses at any instant tho same energy as one 

in a cflbic centimetre of gas under tho i at 0 3 , is yet surrounded by molecules which are 
pressure of 7G0 mm. of mercury at 0°C; zo j moving very much faster than itself, and whose 
that the mean distance between tho mole- j energy is much more nearly equal to its own, so 

cules is between 3 and 4 millionths of a i that it is not so likely to lose its energy by 

millimetre, or about 3*5 x 10“ 7 centimetres ; the j collision with other molecules as the molecule 
diameter of tho molcculo da probably between | at 0° which is surrounded by molecules with 
1 x 10 * 7 centimetres and 3 x 10'° centimetres, 1 much less energy than itself. For this reason the 
or between \ and ^ of tho mean distance j tendency to dissociate will be very much greater 
between the molecules. Another quantity which | at G00° than at 0°, and a molecule at tho former 
it is important to know in the mean distance ' temperature may dissociate while the latter may 
through which the molecule passes between two lose its energy before this can happen. • 
collisions; this is called the mennfreo path of The distribution of energy affects the specific 
tho molecule, and it is inversely proportional heat very much; so that if wo know the 
to tho density. For hydrogen at tho pressure value of the specific heat wo can tell a good 
of 7G0 mm. of mercury tho mean free path is deal about the energy of the molecule, as the 
about 1*8 x 10'* centimetres; at the pressure of following theoretical investigation will show. 
1 min. the free path is about ^ of a millimetre ; Let us begin with tho case of a gas the molecule 
and at a pressure of a millionth of an atmosphere of which is of any degree of complexity, measured 
about 18 centimetres. When tho free path is ' by tho number of degrees of freedom, 3?. There 
comparable with tho dimensions 0! tho vessel is a theorem duo to Boltzmann which state3 
in which tho gasll inclosed, the gas can exhibit that the mean energy corresponding to each 
phenomena of a different character from those degreo of freedom js the same, so that the mean 
shown when the freo path is indefinitely small „ 

compared with the dimensions *of tho vessel, total energy of the molecule is g* times the moan 
The radiometer exhibits effects of this kind, and * • © 

Crookes has called a gas rarefied so much as to energy duo to the translatory motion of the 
show rotation in a radioniotor, matter in tho centre of gravity. Though there is very strong 
fourth or ultra gaseous state. But this is using evidence against the truth of tho theorem in this 
tho word state in a different sense from that in form, and the mathematical proof of it is un-. 
which* it is used in the phrases solid, liquid, satisfactory, yet a very speoial case of it is pro- 
and gaseous, states; for these states do not bably truo, viz. that if we have a mol^pule con- 
depend upon anything but the matter itself sisting of n atoms approximately symmetrically 
.while the ultra-gaseous state depends updi arranged (that is, if the distance between a pa& 
the ratio 6f the free path to the other lengths tioular pair of atoms is not always very moca 
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toss than the distances between tbe other pairs), 
then the ratio ol the meeta total kinetic energy of 
themoleoale to the energy due to the translatory 
motion of its centre of gravity is proportional 
to », the number of atoms in the molecule. 

Let the ratio of the total kinetio energy to 
the translatory energy*>f tin* centre of gravity, 
which by the kinetio theory of gases is measured 
by 9 the absolute temperature, be Bn. Then the 
total kinetio energy in the gas ZBnO = Bn'O, 
when n' is the number of atoms in the gas. If 
all the atoms be of the same mass, m, and the 
quantity of gas be the unit of mass, then n'wi = 1, 
so that the total kinetio energy in the gas 

QO 

*- which, if £ be the same for all elementary 

gases, is inversely proportional to the atomic 
weight of the gas. If the gas had been a com¬ 
pound such that each molecule consisted of a 
atoms of mass m, b of mass m\ c of mass m", 
and so on, then for unit mass of the gas, 
x'(ma + m'b + m"c) - 
~(a + b + c) 

to that the energy in unit mass 
= -V£0 


0O(a + b + c) 

“ma + m’b + m"c. 

Now a+b + c is the number of atoms in the 
molecule, and via + m'b + m"c is the mass of a 
molecule, so that the energy of unit mass 
M j3fl(numb er of atoms in the molecule) 
mass of the molecule. 

ns first suppose that all the energy in the gas is 
kinetio, then the energy in unit mass of tho gas 


at temperature 0 is —- so that tho specific heat is 

BO 1 

— or the product of specific heat into the mass 

of an atom, which is called the atomic heat, is 
equal to £, and, as experiment shows, does not 
vary much from gas to gas. For a compound, 
we see from the expression given above for the 
energy, that the product of the specific heat into 
the mass of a molecule equals B (number of atoms 
in the molecule), so that for ail perfect gases, 
simple or compound, the product of tho specific 
heat into the mass of the molecule = ^(number of 
atoms in the molecule). Wo may remark that 
with our assumptions the ratio of the specific heat 
at constant pressure to that at constant volume 


-l + 2(l + !P)_1 .. . 

3>3\ p /number of atoms in the 
molecule, 

when Sp is the deviation of the pressure from 
that given by Boyle’s law. The experimental 
results show that idt most perfect gases, simple 
oroompound, the molecular heats are constant, 
ehowing that & is constanM'or such gases, or 
that the whole kinetic energy is proportional to 
tHe prodiffct of the numtter of atoms in the mole¬ 
cule and ^the energy due to the translatory 
motion of the centre of gravity. There are, 
however, some simple gases, such as chlorine 
and bromine vapour, whoso atomic heats are 
muoh higher than the value given by the above 
rule. T^,eso gases are, however, easily liquefied, 
and bo when heat is applied, work is done in 
altering the molecular state as woll as in raising 
Tha temperature; this will produce an effect 


equivalent to increasing $, and will therefore 
explain the large value of the atomio heat* 
We should expect a large value tdt this quantity 
too if the gas were dissociating. There are 
some compound gases, on the other hand, such 
as ammonia, ethylbne, and marsh gas, whose 
molecular heats are too small to agree with the 
above rule, if we supposo that the number of 
different systems in the molecule is the same as 
the number of atoms indicated by the chemical 
formula of the gas. If, however, two or more 
atoms always remain dose together, they will 
for our purpose count as one atom, as it is only 
when the molecules are approximately symme¬ 
trically arranged that we can assume that tho 
total energy is proportional to the number of 
atoms. The total energy is proportional to the 
number of distinct systems; and if a group of 
atoms always remain close together they only 
count as one system, however many atoms there 
may be. If, for example, tbe atoms in a radicle 
always remain together, tho radicle, for this 
purpose and in the formula for tho ratio of the 
specific heats, will only count as one atom. We 
may thereforo regard those compounds which 
have too small atomic heats, as consisting of but 
few separate systems, though there may be a 
great number of atoms in the molecule. 

The determinations by Dulong and Petit and 
others of the specific heats of elementary bodies 
in the solid stato show that for theso bodies the 
atomic heat is approximately constant, while 
Kopp’s experiments on the specific heats of com¬ 
pound solid bodies show that for many such 
solids the product of the mol. w. and the specific 
heat is proportional to tho number of atoms in 
tho molecule, just as for gases. The expression 
for the kinetic energy of unit mass of ff solid will 
probably be of the samo form as that which we 
found for a gas; for this only depends upon tho 
assumptions that the absolute temperature is 
proportional to the mean energy due to the 
translatory motioneof the centre of gravity of 
tho molecules, and that tho ratio of the mean 
total kinetic energy of tho molecule to the 
mean energy duo to tho translatory motion of 
the centre of gravity is proportional to the num¬ 
ber of atoms in the molecule. These assump¬ 
tions will probably hold for tho solid and liquid 
as well as for tho gaseous state. We must re¬ 
member that when heat is applied to a solid or 
liquid, work is done in altering the molecular 
configuration as well as in increasing the kinetio 
energy of the molecules. All solids and liquids 
appear to be able to get into a condition in 
which tho specifio heat does not alter with tho 
temperature, and it is in this condition that the 
atomic heat is constant. Ifbw if tho specifio 
heat is independent of the temperature, tho 
work spent in altering the molecular configura¬ 
tion must bear a constant ratio to the work 
spent in increasing the kinetio energy; and if 
the atomic heat is constant this ratio must be 
the samo for all substances; so that Dulong and 
Petit’s experiments show that when heat is 
applied to a solid or liquid it is divided between 
the energy of molecular configuration and the 
mean kinetic energy, in the same proportion for 
hill substances; and since for many substances, 
\uch as iodine, bromine, mercury, tfcc., thev 
specifio heat in the solid state is twice that in 
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the gaseous, it is equally divided between these 
taro forms of energy, a result which purely 
dynamical con|ideration8 would also lead us to 
regard as the most probable one. The specific 
heats of liquids seem to be more irregular ithan 
those of either solids or- gases, but the 
bodies for which this is the case are those whose 
melting and boiling points are comparatively 
close together, and we may suppose that the 
nature of the molecular configuration alters 
with each change in temperature, and this 
makes the specific heat abnormally large. Tho 
specific heats of those substances which exist in 
the fluid state through wide ranges of tempera¬ 
ture seem to bo the same in tho solid and fluid 
states. 

When tho specific heat of a solid compound 
is much smaller than the number of atoms in it 
would lead us to expect, we may, just as in the 
case of a gas, conclude that two or more atoms 
always remain close together in tho molecule. 
It is important to notice, however, that tho 
specifio heat cannot give us any information 
about what we may call the molecular aggrega¬ 
tion of the solid or liquid, that is it affords no 
information as to whether the molecules are 
isolated or form groups, for if we supposo tho 
molecules to unite and form more complex ones 
the atomic heat would remain tho same as long 
as tho energy was equally divided among the 
atoms or radicles forming tho molecules. 

Change op State.—Gaseous to Liquid. 

By the application of great pressure accom¬ 
panied when necessary by intense cold, all gases 
have been liquefied, and during this process they 
pass through all intermediate states, so that at 
some stageof the process it is impossible to tell 
whether the substance ?s a gas or a liquid. It is 
found that there is for each gas a temperature 
above which it cannot bo liquefied by the appli¬ 
cation of the most intense pressure, so that at a 
temperature higher than this # the substance can 
only exist as a gas. This temperature is called 
the critical temperature, and Andrews has pro¬ 
posed to call a substance at a temperature 
higher than its critical temperature a gas, and 
one which though in a gaseous condition is yet 
at a temperature lower than tho critical tem¬ 
perature, a vapour. Van der Waals (Continuity 
des Oasformigen und flilssigen Zustandes , 87), 
and Clausius ( W. 9,1880), have shown how to 
calculate the critical temperature from the 
difference between the pressure of tho gas in 
any state and that given by Boyle’s law. 

We shall here confine ourselves to showing, by 
general reasoning, that a critical temperature 
must exist. When adbody is in the liquid stato the 
ratio of the work required to separate the parti¬ 
cles to an infinite distance to the kinetic energy 
of the molecules must exceed a certain limit, for 
the substance will behave as a liquid or a gas 
according as the forces between the molecules 
are or are not ablo to change theirkiuetio energy 
appreciably in the interval from one collision 
to another. The molecules will chango their 
kinetio |nergy appreciably if the ratio of tho 
alteration in the mutual potential energy of th? 
molecules to their initial kinetio energy 1 b finite*, 
but for this to be the case the ratio fit the work 
required to separate the xnoleoules to an infinite 


distance; must be finite, so for a body to be in 
the liquid condition this ratio must exceed a 
certain quantity, say, b. Let ? be the work re- 
quired to separate one of the molecules from the 
remainder, and t the kinetic energy of the transla¬ 
tor motion which is proportional to the absolute 
temperature; then^ the ^ubsfcance will behave 

like a liquid if — be greater than b, but like a 
T 

gas if —- bo less than this quantity. Now ? 

cannot bo greater than the work, v', required to 
separate the molecules when they are quite close 

together, so that when t >-— the substance 
it 

will always behave like a gas. Now t is pro¬ 
portional to the absolute temperature, bo that 
when the absolute temperature exceeds a certain 
value the substance will always behave like a gaB, 
that is, it cannot be liquefied. This shows that 
there must be a ‘critical temperature,’ and it also 
shows that the critical temperature is propor¬ 
tional to the work required to separate the mole¬ 
cules ; a measure of this will bo tho amount of 
heat required to convert the substance from a 
liquid into a gaseous state under infinite pres¬ 
sure. We can tako as a practical measure the 
latent heat of the substance. The mean kinetio 
energy of the translatory motion equals the 
absolute temperature, so that if h be the latent 
heat, 0 the critical temperature, nv' will be pro¬ 
portional to h, where n is the number of mole¬ 
cules in unit mass, and t is proportional to 0, 

so that since is constant, we should expect 

to find that the critical temperature multiplied 
by the number of molecules in unit mass—or, 
what is proportional'to it, the reciprocal of tho 
molecular weight-ought to be related to the 
latent heat so that when one is great the other 
is great also. The following table will show 
that this condition is approximately fulfilled :-r- 


Substanoe 

Abso- 

lute- 

criti- 

cal 

tem¬ 

pera¬ 

ture 

Critical 
tempera¬ 
ture 
divided 
by mol. w 

Latent 

Jieafe 

Alcohol C.,H t O . . 

MO 

hi 

209 

Acetone C 3 H b O . . 

605 

8-7 

140 

Carbon disulphide CSj . 

646 

7-3 

105 

Benzene C s H a 

558 

7-17 

109 

Methyl acetate C.JI, j 0 2 . 

60:t 

6-8 

110 

Ethyl formato C a II ri 0 2 . 

603 

6-8 

105 

Sulphurous oxide S0 2 . 

429 

6-7 

94 

Ether C,IJ,„0 

4V,8 

6-3 

94 

Ethyl acetate C^H 0 2 . 

513 

5-83 

105 

Chloroform CIIClj 

633 

4-51 

67 

Carbon tetrachlorideOCl, 

557 

3-6. 

52. 


Passage from the Liquid to the Gaseous 
State. 

Though it requires the application of pressure 
and cold to make a substance pass from the 
gaseous to the liquid state, yet tho sqhstance 
will always to a limited extent pass of itself 
from the liquid into the gaseous state. In the 
space over a liquid in the equilibrium oonditicn 
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Her* is always a quantity of the vapour of the 
liquid, Qie quantity ot, vapour in unit volume 
depending only on the nature oi the liquid and 
the temperature; in othgr words, the vapour 
■exerts a definite pressure called the vapour pres¬ 
sure (otten erroneously the vapour tension). It we 
have a quantity ot liquid in a vessel furnished 
with a piston the liquid frill evaporate until 
there is a certain quantity of vapour in each 
unit of volume ubovo the liquid; if wo depress 
the piston so that this volume diminishes by 
V then a quantity of vapour equal to that in 
volume v will condense ; if the piston be raised 
■again the vapour will be re-fonned. In this 
way we can have a continual transference from 
the gaseous into the liquid state and hack again. 
In this process, however, we havo only matter 
in these two states and have no continuity of 
state from the gaseous to the liquid as we had 
in the process by which the permanent gases 
are liquefied. The vapour pressures of different 
liquids vary enormously; thus for sulphuric acid 
the vapour pressure is so small as to be almost 
inappreciable; for sulphuric acid, mixed with its 
■own volume of water, it is about one-eighth of a 
mm. at 15°C.; forwater at the same temperature 
it is about 12G mm.; for alcohol, 32 mm. The 
vapour pressure always increases as the tem¬ 
perature rises, but until the temperature reaches 
a certain value depending on tiro pressure, the 
liquid which evaporates is always that on the 
surface, and none of the liquid in the interior 
passes into the gareous condition. When, how¬ 
ever, the vapour pressure becomesgreaterthan the 
pressure on the surface of the liquid, the bubbles 
of vapour which form on the sides will be at a 
pressure equal to or greater than the pressure 
in the surrounding fluid, and so will expand 
■and be able to reach the top without con¬ 
densing. When thi3 takes place, i.c. when 
portions of tho liquid not on the surface are 
converted into gas, the liquid is said to boil. 
The temperature of tho boiling-point will increase 
with the pressure; it cannot, however, even by 
tho application of an inlinite pressure, ho raised 
above tho critical temperature of tho substance. 
Bodies which havo small vapour pressures at 
ordinary temperatures have high boiling-points; 
but it does not follow that because the vapour 
pressure of one substance is at some tempera¬ 
ture greater than that of another its boiling- 
point will bo lower; for example, at 15°C. tho 
vapour pressure of carbon tetrachloride is greater 
, than that of methyl alcohol, though its boiling 
point is higher. According to the molecular 
theory, some of the molecules manage to escape 
from the liquid, we may suppose because they 
are moving so feat as to be able to escape from 
the attraction of the other molecules; on the 
-other hand, some of the qjff-lecules of tho vapour 
strike the surface andJjgV caught by the mole- 
•■oules of liquid. Wl^n things are in a state 
-of equilibrium as many molecules escape from 
•the liquM os ore caught by it. 

Although the vapour densities of many sub¬ 
stances have been determined, few experiments 
■seem to have been made on the rate of evapora¬ 
tion and condensation. The knowledge of these 
•rates would very much increase our knowledge 
-Of the constitution of fluids. k 

The forces between the molecules is the 


liquid state must be sensible, otherwise we should. 
not be able to spend work upon a liquid without 
increasing the kinetic energy, as we do when we 
convert water into steam at the seme tempera- 
turej The latent heat may be taken as a mea¬ 
sure of the potential energy lost by the transi¬ 
tion from the gaseous to the liquid state. In • 
fluid the potential energy of the moleoulat con¬ 
figuration seems to depend only on the mean 
distance between the molecules; for the fluid 
resists anything tending to diminish its volume, 
but does not resist anything tending to ohanga 
its shape. When the fluid is in such acondition 
that its specific heat is independent of the tem¬ 
perature then any increase in the kinetio energy 
must be accompanied by a proportionate inorease 
in tho potential energy of the molecular con¬ 
figuration. Now, if tho forces between the mole¬ 
cules are large it will require a smaller inorease 
in the distance between them to inorease the 
potential energy by a given amount than if they 
were smaller; so that for a given inorease in the 
kinetio energy, that is, a given rise in tempera¬ 
ture, the increase in volume will be less when 
tho forces between the molecules are great than 
when they aro small, so that the coefficient of 
expansion will bo small when the forces between 
the molecules aro great, but when the forces 
between the molecules are great the fluid is in¬ 
compressible and tho product of tire mol. w. and 
latent heat is large; so that we should expect a 
small coefficient of expansion, incompressibility, 
and largo latent heat for equal volumes to go 
together, and wo find by the following tables 
of these quantities that this seems to he the 
case. 


Substanco • 

Product of 
Intent boat 
and mol.w. 

Coeffi¬ 
cient of 
expan¬ 
sion 

Com¬ 

pressi¬ 

bility 

Water, IT # 0. . . . 

11,088 

•000085 

4-51 

Penzcne, C„1 T. » . . ! 

8,502 

•00138 


A re tone, m , » 

8,120 

•00172 


Chloroform, CHOI, • 

7>)G 

■00140 


Carbon tetrachloride, CCI* 

7,001 

•00140 


Ether (0,11,) a O . . . 

6,356 

•0021 

10-8 

Carbon bisulphide, CS, 

6,8-10 

•00146 

6*26 


A peculiarity of water is that it is denser at 
4°C. under atmospheric pressure than at any 
other temperature under tho same pressure; we 
may pel-imps suppose that this is duo to some- 
tiling of the following kind. Wo know that 
when water freezes it expands and crystallises 
in tho hexagonal system; now wo may suppose 
that, before tho water solidifies, molecular aggre¬ 
gations are formed which possess the same pro¬ 
perty as is possessed by the ice ciystals, vis. 
that when tho molecules #re arranged in this 
way they occupy a greater volume than when 
arranged uniformly—tho formation of these 
aggregations would tend to increase the volume 
anil might be sufficient to more than counter¬ 
balance the diminution due to the nearerapproaofa 
of those particles which do not form these aggre¬ 
gations. 

Ciianoe of State fbom Solid to Liquid. 

When the temperature of a solid* is raised 
sufficiently high it begins to melt. There ate 
two kinds of melting; in the one, as in the eat* 
of iee, if tSe heat is applied slowly the tempera- 
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twe remains Constant rmlil all the substance 
hie passed from the solid into the liquid 
state Xn this case there is a definite melting- 
point. In the other case, of which an example 
is the melting of sealing-wax, the substuise 
first begins to soften, then as more hoat is applied 
it gets softer and softer, its temperature, however, 
increasing until when a cortain temperature is 
reached the substance is liquid; in this case 
there is no definite melting-point, as tho process 
is spread over a considerable rango of tempera¬ 
ture. This would seem to imply that tho sub¬ 
stances which melt in the second way are not 
perfectly homogeneous in structure, but contain 
moleoular aggregations of various degrees of 
complexity, which get gradually split up as the 
temperature rises; while thoso substances which 
melt like ice have a more uniform constitution, 
so that any change of state take3 place simul¬ 
taneously through the molecules. This would 
obviously tend to make the- transition more 
definite. This view is in accordance with tho 
faot that crystalline bodies, which are generally 
regarded as being more uniform in structure 
than non-crystalline, all melt in tho same way 
as iee. So«ding-wax in the state of transi¬ 
tion is what is called a viscous body; so that 
on this view a viscous substance is regarded as 
a mixture of molecules some of which are in the 
same state as they are when the substance is 
liquid, and somo are in the snmo state as they 
are when the substance is solid. A dynamical 
illustration will enable us to seo how such a 
body might behave like a rigid body under the 
action of rapidly changing forces, and like a 
fluid under constant or slowly varying forces. 
Suppose we have a series of heavy spheres con¬ 
nected by gtrong springs placed upon a hori¬ 
zontal tabic, and that^ne end of this row of 
spheres is fastened to a peg which cannot sustain 
a tension greater than t without breaking; 
then if a steady pull, t, be exerted at tho other 
end of tho row of spheres tho siring will break, 
but if the tension at the eift, instead of being 
steady, be periodic, and if the period of vibration 
be greater than tho natural period of vibration 
Of the Bpheres and springs, then if the number 
of Bpheres be great onough the string will not 
break, though a tension enormously greater than 
I is acting at the other end. This is quite a 
parallel case to that of the viscous fluid; tho 
springs and spheres correspond to thoso mole¬ 
cules which are in the same condition as when 
the substnneo is solid, the string to those in the 
fluid condition. 

The change of state from solid to liquid 
seems to be always accompanied by a change in 
solumo, and wlien^liis is so the melting-point 
—as J. Thomson proved—must be altered by 
the application of pressure. Thomson showed 
that this followed from thcrmodysnumical con¬ 
siderations ; and th at when the substance expanded 
on solidification, like ice, the melting-point was 
lowered by pressure, but when the substance con¬ 
tracted on solidifioation the melting-point was 
raised by pressure. The most important sub¬ 
stances which expand on solidifioation are water, 
bismuth, antimony, and cast-iron; none of these 
crystallises in the regular system, so tlfat we may 
tapposc that the molecules are arranged unsym-s 
metrically, that while some are nfcror together 


than when in the liquid state, others are further 
apart, producing on the whole an increase of 
volume. * 

The specific heat of a body in tbe solid 
condition is in generaf less than when it is in 
the liquid, exoept for thoso substances whose 
melting and boiling-points are very far apart, 
when it seems to be aboutethe same in the two 
states; if wo know the specific heat of a sub¬ 
stance in both the fluid and the solid state at 
all temperatures, we can find tho amount of 
heat necessary to convert unit mass of the sub¬ 
stance from the solid to the liquid state. For 
Clausius has proved that if A be tho latent heat 
at llie temperature t, s, and s, the specific heats 
in the solid and liquid states respectively at 
the same temperature, then 


A similar equation will apply to the change 
from the liquid to the gaseous state. Some 
bodies, such as camphor and iodine, sublime, 
that is pass directly from the solid to the gaseous 
state, and as these bodies exhibit a definite 
vapour-pressure—they must also pass directly 
from the gaseous into the solid states. 

In the solid and liquid states tho molecule ia 
probably a very much more complex thing than 
the gaseous molecule, it is probably also not 
nearly so definite. Maxwell, in the article 
‘ Atom ’ in tho Encyclopedia Britamica, shows 
how the hypothesis of groups of molecules of 
different degrees of stability would explain the 
residual effects of elasticity, and states that in 
his view a solid consists of groups of molecules, 
somo of which are in different oircumstancea 
from others. J. J. T. 

AGONIADIN c„n„0, A crystalline bitter 
substance occurring in Agouiada bark (from 
l'lumcria longifolia), which is used in Brazil as 
a remedy for intermittent fever. Needles, very 
bitter, v. si. sol. ether, v. sol. hot alcohol, and 
CM.,. Nearly insoluble in cold, easily soluble in 
boiling water. When boiled with sulphuric aoid 
it yields a sugar (Peokolt, Ar. Eh. [2] 114, 3d). 

AtACREATINE 0,H,N,0„ i. c. 
Nn...C(NII).NH.CIIMe.Cdjia.yira)iido-p»nJio»to 
acid. S. 8-3 at 15Formed by mixing eono. 
solutions of alanine and eyanamide, adding a 
little Nil,, and allowing tho mixture to stand 
(Baumaun, A. 107, 83). Small prisms, v. al. 
sol. cold alcohol. At 180° it changes into its 
anhydride, alaereatininc. Boiling baryta-water 
forms alanine and urea, or its decomposition- 
products, CO, and Nil,. HgO oxidises it, forming; 
guanidine. 

Hcthyl-alacreatinc • 
NH,.C(NH).NMe.CHMc.CO.,n. From a-methyl- 
amido-propiouic a^L-cvunainido. and a little 
Nit, (Lindonberg, Jrew- [2] 12, 253). Mono- 
clinic prisms, si. sol. coin water or alcdbol. • 

AIACREATININE C 4 H,N,0 aq. formed by 
dehydration of alaereatinc by the action of heat or 
diluto acids, crystallises from water in long prisms, 
which give off aq in dry air or at 100°. M. sol. 
alcohol, more soluble in water than alaercatine. 
With zino chloride it forms crystalline scales 
(0,H,N,O) s ZnCl ! , S. 4'35 at 20°, T. »' 
aloohol (Baumann, B. 6 , 1371). 
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ALANINE 0,H,N0 r to. OH 1 .OH{NHJCO,H 
••amido-pnmionic acid. Mol. w. 89. B. 2'2.at 
17° i 8. (cola alcohol of80 p.o.) -2. 

Formation .—1. From ethylie a-chloropro- 
pionate and ammonia (Kolbe, A. 113, 220; 
Streoker, A. IB, 29).—2. From a-broinopropionie 
acid and alooholio ammonia (KekuliS, A. 130,18). 

Preparation.—An »quoo#s solution of 2 pts. 
aldehyde-ammonia is mixed with aqueous hydro¬ 
cyanic acid containing 2 pts. HCy; hydrochloric 
acidis added in excess; the mixture is evaporated 
to dryness over a water-bath; the rcsiduo is 
digested with a mixture of alcohol and ether, 
which leaves NII,C1 undissolved (Strecker). 

Properties. —Tufts of colourless needles or 
oblique rhombic prisms, having a nacreous lustre. 
Sublimes at 200°. V. si. sol. cold alcohol, insol. 
ether. The aqueous solution has a sweet taste, 
does not affect vegetable colours and gives no 
precipitates with any of the ordinary reagents. 
Alanine is isomeric with urethane, lactamide, 
and sarcosine; distinguished from the two former 
by not melting below 100°, and from the last by 
its solubility iu water and its behaviour to 
metallic oxides. 

Reactions. —1. Not altered by boiling with 
dilute acids or with alkalis.— 2. Fused with 
KOH, it gives off hydrogen and ammonia and 
forms cyanide and acetate of potassium.—3. 
Resolved by boiling its aqueous solution with 
Pb0 2 ,into aldehyde, carbon dioxide, and ammonia; 
CjHjNOj + O - C a H,0 + CCX + NHj. - 4. Decom¬ 
posed in aqueous solution by nitrous acid, with 
evolution of nitrogen and formation of lactic 
acid. II. \y, 

ALAN I CAMPHOR C,JI 10 O. Occurs in 
eleoampane root, and is obtained together with 
solid alantic anhydride by distilling with water. 
Liquid smelling like peppermint, boiling at 200’. 
Heated with l^O,, it yields a hydrocarbon C,„H ;i 
which boils at 175°, and is converted by oxidisa¬ 
tion with chromio acid into terephthalic acid 
(Kallen). H. W. 

ALANTIC ACID C JS H S ,0, [01°].-Obtained 
from its anhydride (v. sup.). Blender needles 
(from alcohol). Dissolves sparingly in cold, more 
readily in boiling water, very easily in alcohol. 
The barium salt forms warty masses moderately 
soluble in water. The silver salt AgC,.H.,O a 
forms small scales having a silvery lustre (Kal¬ 
len, £. 9,155). 

Alantic Anhydride C ls IL„O a [CO 0 ], (275°), 
crystallises from dilute alcohol in prismatic 
needles. Easily sublimable. Dissolves very 
sparingly in water, very easily in alcohol, ether, 
<Sc.—The chloride C,.,11,,,0X1 [140°) formed 
by passing HCl-gas into a solution of alantic 
acid in absolute dloohol, crystallises in largo 
thonibic tablets, melting, with evolution of HOI, 
at 140°. It unites with y */,sns, forming salts 
which readily decompoA, with separation of 
metallic chlorides, Byfxccss of caustic alkali it 
is converted into dialantie ncid, C,„II,..(). (?) 
—The atitidc C,JI 2 ,0 a .WII a [210’], obtaiuudby 
passing ammonia-gas into an alcoholic solution 
of the anhydride, forms small crystals, melting, 
with decomposition at 210°, slightly soluble in 
alcohol, .resolved by potash into ammonia and 
^sntie acid. H. W. 
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AL0AMINE8 v. Alzaxzku. 

ALC0GEL. A gelatinous compound of eiUds 
aoid with alcohol (g. ».). ' 

ALCOHOL CjHjO or EtOH f (e%* alcohol, 
aqua vita). Mol. w. 46. (78-2°) at 762-7 mm. 

(R. Bohiff); (78-3°) (Regnault); (78-4°) at 760 
mm. (Kopp, A. 92, 9); (78-5°) (Perkin); (12-8°) 
at 20-9 mm.; (21°) at 41-3 mm. (Kahlbaum, B. 
16,2480). S.G. W -79367 (S.); (5 -79503 (P.); 

-78820 (P.); a j°-8000 (Ilriihl). S.V. 62-18 (S.); 
02-7 (Ramsay). V.D. I-C13 (for 1-591, Gay. 
Lussac). S.H. -615 (Kopp); -650 (20° to 78°) 
(Reis); -0019 (16°-20°); -6067 (16°-35°); -6120 
(16°-40*5°) (J. II. Schuller, P. Ergbd. 5, 116, 
192). H. F. p. 58,470. H. F. v. 57,020 (Th. iv. 
229) v 1-3007 B* 20-31 (B.). M.M. 2-78 (P.). 

Name .—The term alcohol was used in the 
timo of Libavius (1595) to denoto a powder. 
Spirit dried over powdered potassie carbonate 
vnisc&Ucispiritusalcolisatus. Kopp (Oeschichte, 
iv. 281) suggests that this term does not mean 
spirit that has been treated with the powder, but 
that it is a corruption of spiritus alcalisatus, or 
spirit that has been treated with alkali. Alcoliscd 
or alcoholiscd spirit was then shortened to alcohol. 

Occurrence. —1. In fermented saccharine 
juices.—2. In putrid, and oven in healthy, 
tissues, such as ox-brain (B6chnmp, C. 11. 89, 
573).—3. In crude coal-tar benzene (about 2 
parts per million) (O. N. Witt, O. C. 1878, 410).— 
4. Iu the fruits and juices of some living plants 
(Gutzeit, A. 177,344).—5. In bread (Bolas, C. AL 
27, 271).—6. In crude wood-spirit (V. Hemilian, 
B. 8, 661).—7. Together with acetone, in the 
urine of diabetic patients (Markownikoff, 13. 9, 
1111,1003). 

Formation .—1. By the decomposition of 
glucose under the influence of ferments (®. 
Fuiuientatiun) : C„II la 0 6 « 2C.,H„0 + 2tO a . Levu- 
lose, maltose, and metitose also give alcohol 
on fermentation.—2. From olefiant gas by dis¬ 
solving it in cone. H a S(>„ diluting and distilling 
(Hennel, P. ill. 1820, 210; Berthelot, A. Ch. [3] 
43, 385): C a H, +11*80, C.,H,SO,H 

C a H,SO,II +11.0 - C a il s OII + HSO,H. 

The absorption of ethylene is greatly facilitated 
by heating the H a SO, to 100° or, hotter still, 
170’ (Goriainow a. Butlerow, A. 169, 147).—8. 
By reduction of acetic anhydrido (Linnemann, 
A. 148, 249), acetyl chloride (Saytzeff, J. pr. 
[2] 3, 70), or aldehyde, by means of sodium- 
amalgam.—4. By heating ether at 170’ with 
water slightly acidulated with 11,80, (Erlen- 
meyer a. Tsehcppo, 'A. [2] 4, 343). 

Preparation.— When aqueous solutions of 
grape-sugar are fermented by yeast, 95 p.c. of 
tho sugar splits up into alcohol and carbonic 
acid, but 4 p.c. goes to form succinic acid and 
glycerin, whilo 1 p.c. is used by the yeast as 
food. Small quantities of u-propyl, iso-butyl, 
and the two iso-amyl,alcohols,Me a CH.CHj.CH a OH 
j and MeEtClI.CU a OH, aro also formed. The 
mixture of theso four alcohols is known as fusel 
oil. According to Rabuteau (C. R. 87, 600), 
potato spirit contains also iso-propyl, n-butyl, 
and secondary amyl alcohols. 

The liquid to be fermented must contain 
nitrogenous matter and some inorganic (alts to 
serve as food for the yeast; gripe-juice, or a 
^mixture of water with germinating barley (malt), 

| to which a inash of potatoes may be added, are 
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unorganisedfermeatin malt, converts the starch. 
«f the potatoes into a augaiy maltose, which then 
undergoes aloofcolio fermentation. 

When any of these alcoholic liquids are 
distilled the first portions of the distillatp are 
rioh in alcohol. By repeated rectification 
* rectified spirit ’ containing 91 p.c. of alcohol 
may be got. Fusel oil may be removed by 
adding to the spirit about *7 of its weight of 
coarsely powdered charcoal, leaving the mixtnre 
to stand for several days, and stirring repeatedly, 
then decanting and distilling. Animal or blood 
charcoal may also be used. 

Absolute Alcohol. —The last traces of water 
may be removed by repeated rectification over 
freshly heated K 2 C0 3I CaO, BaO, CuSO„ or CaCl... 
The best way is "to digest strong spirit with quick 
lime at 40° for two hours, and then, on distil¬ 
ling, to reject the first and last portions 
(Mendol6efT, Z. 1865, 260). If the spirit contain 
more than 5 p.c. of water a second treatment 
with lime will be necessary (Erlenmeyer, A. 160, 
249). If dry baryta be used to complete the 
drying, as soon as tho alcohol is absolute it will 
become yellow, dissolving a little BaO (Berthelot, 
J. 1862, 392). 

References.—C. Bullock, Ph. [3] 4, 891; J. 
L. Smith, Am. Ch ., 5 120; Diltmar a. Stewart, 
C. N. 33, 53; Friedel a. Crafts, A. Ch. [4] 9, 5. 

Properties. —A transparent, colourless, mo¬ 
bile, liquid. It has a characteristic odour and 
burning taste. When undiluted it acts as an 
inflammatory poison. It solidifies at —130*5° 
(Wroblewsky a. Olszcwsky, ill. 4, 33rt). Very 
hygroscopic. Miseiblo with water. Burns with 
a pale flame. Snow (1 pt.) mixed with alcohol 
(2 pts.) produces a freezing mixture (-20°, Jin. 
1,237). . 

Alcohol dissolves faxs, oils, resins, alkaloids 
and most organic substances. It dissolves CaCJ.. 
and SrCL but not BaCL,; Ca(N0 3 ).^ but not 
Sr(N0 3 ) s and Ba(N0 3 ) 2 ; LiCl but not KCl and 
NaCl. It does not dissave carbonates or 
Buiphates. It dissolves I, Br, P, and S. 

The critical point of alcohol is 231*6° at 
48,900 mm. At this point 1 g. occupies 3*5 c.c. 
(Ramsay a. Young, Pr. 38, 329). Alcohol vapour 
in contact with liquid acquires its normal 
density, 23, at 50° (It. a. Y.). 

When alcohol is mixed with water c >ntrac- 
tion takes place and heat is evolved. The 
maximum contraction occurs when 49*8 vols. 
water and 53*9 vols. alcohol at 0° produce 100 
vols. of mixture instead of 103*7 vols. This 
corresponds to a possible compound, EtOH 3nq 
(Mcndeteeff, Z. 1865, 262). 

The greatest difference botween the observed 
specific heats of E#lutions of alcohol and the- 
values calculated on the assumption of mere 
mixture occurs in a solution containing about 
80 p.c. of alcohol by weight, corrtsponding to 
the formula EtOH 6aq. The greatest difference 
betwcon the observed and calculated boiling- 
points and between observed and calculated 
capillarity also occurs in the same mixture, but 
the maximum deviation from calculated (or 
mean) impressibility is exhibited by a solution 
containing 40 p.c. of alcohol by weight (l)upr6 a. 
Page, Pr. 17, 333 ; P. M. [4] 38, 168). The 
maximum rate of transpiration through capillary 
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tabea it exhibited! br the eolation EtOH 3aa 
(Graham) A. J83,102?. 

, Detection of Water, in Alcohol.—1. CuSO, 
ought not to turn bine (Cassoria).— 2. Benzeno 
ought not to form % cloudiness, due to water- 
drops (Gorgeu, O.R. 30, 691).—3. Wet alcohol 
produces a pp. of BaO when added to a solution 
of BaO in absolute alcohol (Berthelot, A. Ch. 
[3] 46,180).—4. If IlcolnJ be added to a mixture 
of anthraquinono (-001 g.) with a little sodium 
amalgam, a green coloration indicates absence 
of water, otherwise a red colour is produced 
(Claus, B. 10, 927). 

The following table gives the percentages of 
absolute alcohol, determined hy Tralles : 


Volumes 

per 

cent. 

Weights 

per 

cent. 

Spcciflo 
gravity 
at 16*50° 

Volumes 

pol¬ 

ecat. 

Weights 
per ' 
cent. 

3peciflo 
gravity 
at 16*56° 

0 

0 

1-0000 

51 

43-47 

•9315 

i 

0-80 

• 9971 ! 

52 

41-42 

•9295 

2 

1-00 

•9961 

53 

45*36 

•9275 

3 

2-40 

•9917 

54 

46-32 

•9254 

4 

3-20 

•9933 

55 

47-29 

•9234 

5 

4-00 

•9919 

56 

48*26 

•9213 

0 

4'81 

•9906 

57 

49-23 

•9192 

7 

6-62 

•9893 

58 

60-21 

•9170 

8 

6-43 

■9881 

59 

61-20 

■9148 

9 

7'24 

•9869 

60 

62-20 

■9126 

10 

8-05 

•9857 

01 

53-20 

•9104 

11 

8'87 

•9845 

62 

61-21 

•9082 

12 

9-09 

•9834 

63 

65-21 

•9059 

13 

10-51 

•9823 

64 

66-22 

■9036 

14 

11-33 

•9812 

65 

67-24 

•9013 

15 

12-15 

•9802 

66 

58-27 

■8989 

16 

12-98 

•9791 

67 

59-32 

•8965 

17 

13-80 

■9781 

68 

00-38 

•8941 

18 

11-63 

■9771 

69 

61-42 

•8917 

19 

15-46 

•9761 

70 

02-50 

■8893 

20 

16-28 

■9751 

71 

03-58 

•8807 

21 

17-11 

•9741 

72 

64-66 

•8842 

22 

17-95 

•9731 

73 

65-74 

■8817 

23 

18-78 

•9720 

74 

66-83 

•8791 

24 

19.62 

•9710 

75 

67-93 

■8765 

25 

20-46 

■9700 

70 

69-05 

•8739 

26 

21-30 

•9689 

77 

70-18 

•8712 

27 

22-14 

■9679 

78 

71-31 

•8686 

28 

22*99 

•9068 

79 

72-45 

•8658 

29 

23-84 

•9657 

80 

73-59 

•8631 

30 

21 G 9 

•9646 

81 

74-74 

•8603 

31 

25-55 

•9634 

82 

75-91 

•8575 

32 

26-41 

•1)6*22 

83 

7709 

■8647 

33 

27-27 

• 1)609 

84 

78-29 

•8518 

34 

28-13 

•9596 

85 

79-50 

•8488 

35 

28-99 

•9583 

86 

80-71 

•8458 

30 

29-86 

•9570 

87 

81-94 

•8128 

37 

30-74 

•9556 

88 

8319 

•8397 

38 

31-62 

•9541 

fi'-L 

84-46 

•8365 

39 

32-50 

•9526 

9 (f 

85-75 

•8332 

<0 

33-39 

•£>10 

91 

8709 

•8299 

*i * 

34-28 

92 

88-37 

•8205 

42 

35-18 

• 0179 j 

93 

89 - 71 , 

• 8230 , 

48 

36-08 

•9101 

94 

91-07 

•8194 

44 

36-99 

•9444 

95 

92-40 

•8157 

45 

37 - J 0 

•9127 

90 

93-89 

•8118 

46 

38-82 

•9109 

97 

95-34 

•8077 

47 

39-75 

■9391 

98 

96-81 

•8034 

48 

40-60 

•9373 

99 

98-39 

■7988 

49 

60 

41 - 59 

42 - 52 

■9354 

•9335 

100 

10000 

*•7939 



- JRm gw»f ity otiftawM alooholls 

given by Mendel&iflfp. 188,108,280) as follows: 


'Weighty 
of absolute 

' • 

Specific Gravity, referred to Water at i° 

Alcohol 

at 0° 

at 10°* 

at 20° 

at S0° 

0 

•99988 

EBa 

•99831 

•99579 

6 

•99185 

•98113 


•98680 

10 

•98493 

•98409 

•98195 

■97892 

15 

•97995 

•97810 

•97527 

•97142 

20 

•975G6 

■97203 

■96.877 

•90413 

25 

•97115 

•96672 

•96185 

•95628 

80 

•90r>io 

•95998 

BM&E 1 

•94751 

85 

•95784 

•95174 

•9451-1 

■93813 

40 

•94939 

•94255 

•93511 

•92787 

45 

•93977 

•93254 

•92493 

•91710 

£0 

•92910 

•92182 


•90577 

55 

•91.818 

•91074 

liSia 

•89456 

60 

•90712 

•89944 

•89129 

•88304 

65 

•89595 

•88790 

•87961 

•87125 

70 

•88420 

•87613 

•86781 

•85925 

75 

•87245 

•86427 

•85580 

•84719 

80 

•86035 

•85215 

•84306 

•83483 

85 

•84789 

•83967 

•83115 

•82232 

90 

•83482 

•82665 

•81801 

•80918 

95 

•82119 

•81291 

•80133 

•79553 

100 

■80625 

•79788 

•78945 

■78090 


The following table is given by Fowncs 
(Manual, 3rd ed. 591), the specific gravities 
being taken at 15-6° C.: 


Percent¬ 
age by 
Weight 

§3 

Pevcent- 
;igc by 
Weight 

Specific 

Gravity 

Percent¬ 
age by 
Weight 

Specific 

Gravity 

0-5 

0-9991 

34 

iBBfi 

68 

0-8709 

1 


85 

liMlp 

69 

0-8745 

2 

Irflrf 

36 


70 

0-8721 

8 


37 

0-9452 

71 

0-8696 

4 

0-9930 

38 


72 

0‘8C72 

5 

0-9914 

39 

0-9-116 

73 

0-8649 

8 

0-9898 

40 

0-9396 

74 

0-8625 

7 

0-9884 

41 

0-9376 

75 

0-8603 

8 

0-9809 

42 

0-9356 

70 

0-8581 

9 

0*9855 

43 

0-9335 

77 

0-8557 

10 

0-9841 

44 

0-9314 

78 

0-8533 

11 

0-9828 

45 

0*9292 

79 

0-8508 

12 

0-9815 

46 


80 

0-8183 

18 

0-9802 

47 

0-9249 

81 

0-8159 

14 

0-97S9! 

48 

0-9228 

82 

0-8134 

15 

0-9778: 

49 

0-9200 

83 

0-8408 

16 

I® ’ ! tl 

50 

0-9184 

84 

0-8382 

17 

I >5 r," S| 

51 

0-9160 

85 

0-8357 

18 

I8S r ■ 1 

52 

0-9135 

86 

0-8331 

19 

0-9728 

53 

09113 

87 

0-8305 

20 

0-9710 

54 

0-9090 

88 

0-8279 

21 

EEMli 

55 

0-9069 

89 

0-8254 

22 

0'9691 

96 

0-9047 

90 

0*8228 

23 

KlfidiUil 

57 

0-9025 

91 

0-8199 

24 

0*9005 

68 

0*u/)l 

92 

0-8172 

25 

0-9652 : 

59 

#§979 

93 

0-8145 

26 

t-9638 1 

GO 

#0-8956 

94 

0-8118 

27 

0-9623 

61 

0-8932 

95 

0-8089 

28 

0-9609 

G2 

hlgiBIlBl 

96 

0-8061 

29 

0-9593 

63 

0-8886 

97 

0-8031 

80 

0-9578 

64 

0-8863 

98 

0-8001 

31 

EH] 

65 

IiK'SW 

99 

0-7969 

82 

J3-9544 

66 

0-8816 

100 

0-7938 

88 

0-9528 

167 

0-8793 




jPh») tpUHt wa*,* tern -originally ttwateo 
to denote spirit th*t Whs just strong enough to 
[ ignite"gunpowder when purnt upon it, but it 
: was denned by law in the reign^of George III. 
to be spirit 1 such as shall at the temperature of 
61° 1^ weigh exaotly twelve-thirteenth parts of 
an equal amount of distilled water.’ It has, 
therefore, S.G. -920 at 15'6°0., and contains 
49-24 pts. alcohol to 60-76 pis. water by weight, 
or 100 vols. alcohol to 81-82 vols. water. 

Alcoholic Drinks.—Beer contains from 2 to 
6 p.o. of alcohol; hock and claret from 8 to 10 
p.c. j port and sherry from 15 to 20 p.c.; gin, 
rum, and whisky from 51 to 54 p.c. 

Detection. —1. The liquid supposed to con¬ 
tain alcohol is repeatedly rectified, after drying 
with KjCOj. The alcohol is recognised by its 
boiling-point, and by converting it into ethyl 
iodide, and noting the boiling-point of the iodide 
(72°).—2. The suspected liquid is distilled and 
some of the distillate (8 o.c.) mixed with water 
(10 c.c.) and H,SO, (5 o.o.); some KMnO,Aq, 
and after five minutes a solution of magenta, 
bleached by KO,, are added. A red colour indi¬ 
cates that aldehyde had been formed by the 
oxidation of the alcohol. Acetone, formic acid 
and methyl alcohol do not show this reaction, so 
that it may be used to detect ethyl alcohol in 
wood spirit. Other primary alcohols behave 
more or less like ethyl alcohol (Kiclie a. Hardy, 
C. R. 82, 768).— 3. An aqueous solution of 
alcohol warmed with KOH and iodine deposit* 
iodoform. This ‘ iodoform reaction ’ is given 
also by aldehyde, acetone, n-propyl, n-butyl, sec. 
butyl, and octyl alcohols, by propionic and 
butyric aldehydes, by lactic, quinic, and meconio 
acids, by acetophenone, mothylic butyrate, acetic 
ether, and oil of turpontino. 

Tho ‘ iodoform reaction ’ is noj given by 
methyl and amyl alcolfols, by formic, acetic, 
butyric, valeric, oxalic, succinic, malic, tartaric, 
racemic, citrio, pyrotartaric, suberic, sebaoic, 
uric, mucio, isetbionio, benzoic, salicylic, anisic, 
cinnamio, and picric acids, phenol, valorio alde- 
liydo, benzoic aldehyde, glycol, glycerin, mannite, 
glycocoll, leucine, chloral, ethyl chloride, ethy¬ 
lene chlorido and bromido, chloroform, tetra¬ 
chloride of carbon, sulphide of carbon, toluene, 
and ether (Lichen, A. Suppl. 7, 226). Sugar 
and dextrin give a small amount of iodo¬ 
form. 

The formation of ethyl acetato and benzoate 
is also recommended as a test for alcohol. 

Estimation.— The liquid is distilled and the 
S.G. of the distillate taken. 

Detection of Fusel Oil.—1. The liquid is 
diluted with water until it contains about 12 p.o. 
alcohol; it i3 thon shaken with chloroform. 
This extracts the amyl alcohol, which it 
leaves behind on evaporation ; by warming with 
KOAc and H,SO, this is converted into amyl 
acetate, snicking like pear-drops.—2. The aloo- 
liol is diluted until it forms a 50 p.c. solution. 
100 c.c. aro then shaken with 20 c.o. chloroform 
at 15° in a graduated cylinder. If the chloroform- 
layer is 37'1 c.c. tho alcohol is free from higher 
homologues, but if it occupy a larger volume, 
fusel oil is present. Thus 39'1 o.c. indicates 
1 p.e. amyl alcohol (ItSse, B. 19, B- 184).—.8." 
The heignt to which the alcohol will rise, in 
eapillarv tubes of known diameter is observed. 
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Pure alcohol rise® higher than aloohol adulte¬ 
rated with fusel oil (J. Traube, B. 19, 892). 

• Reaction*.—1. Potassium and sodium act 
Upon alcohol, Evolving hydrogen and forming 
EtOK and EtONa respectively.-2. PJwsphoi-us 
trichloride forms EtCl, HC1, ethyl phosphite, 
and phosphorous acid (Bechamp, C. B. 40, 944): 
6EtOH + 2PC1, = 3EtCl + 3HCI + Et,PO, + JI,PO, 
A smaller quantity of PC1 3 acts in the cold 
thus : PCI, + HOEt = PCl,(OEt) + HCl (Mcn- 
schutkin, A. 139,343).—3. PCI, reacts thus: 

E tOH + PCI, = EtCU C1H * PC1 3 0. 

4. P a S s produces mercaptan: 

6EtOH + P,8, * 5EtSH + P 2 O v 

5. Alcohol coagulates albumen , and, partly 
on this account and partly by arresting the 
development of low organisms, it prevents 
# the putrefaction of dead animal matter.— 
o. Vapour of alcohol passed through a red hot 
tube produces CO.,, water, hydrogen, CH 4 , C Z H„ 
naphthalene, and charcoal. If the tube be filled 
with pumice, benzene, phenol, and perhaps 
also aldehyde and acetic acid, are also formed 
(Berthelot, A. Ch. [3] 33, 295; A. 81,108).-7. 
Zinc dust at 300°-350° forms ethylene and hy¬ 
drogen : C z H 9 0 + Zn = ZnO + C Z H, + H. { . Alcohol- 
vapour passed over zinc dust at a dull red heat 
forms CO, CH„ and H 2 (Jahn, M. 1, 378).—8. 
Alcohol scarcely conducts an electric current, 
but when acidulated with 5 p.c. H 2 S0 4 tho 
current passes, hydrogen comes off at one pole 
and, at the other, aldehyde, ethyl formate sul¬ 
phate and acetate, together with small quantities 
of acetal, and CH,.CH(OH)(OEt) are formed 
(Renard, A. Ch. [5] 17, 295). Alcohol con¬ 
taining a little potash produces hydrogen at the 
negative pole and aldehyde-rcsin at the positive 
pole (Connell).—9. Alcohol burns with a pale 
flamo forming CO.. nng H 2 0. Alcohol vapour 
undergoes rapid, but incomplete, combustion 
when mixed with air and exposed to finely 
divided platinum', acetic acid, aldehyde, formic 
acid, acetal, and acetic ether are formed. Hence 
a coil of red hot platinum wi^ will keep red hot 
if plaoed round the wick of a spirit lamp that is 
not burning (glow-lamp of Sir II. Davy).—10. 
Finely divided rhodium, iridium, and ruthenium, 
in presence of an alkali, decompose alcohol, with 
elimination of H and formation of an aefeiate 
(Deville a. Debray, C. II. 78,1782).—11. Oxygen 

■ doe3 not attack cold pure alcohol, but ozone 
forms acetic and formic acids (Boillot, C. It. 
76,1132).—12. Chromic acid mixture oxidises 
alcohol to aldehyde and-acetic acid.—13. An 
ammoniacal solution of CuO at 180° attacks 
alcohol, forming acetic acid and Cu.,0 (A. Le- 
tellier, C. It. 89, 1105).—14. KMhO, in acid, but 
not in alkaline, solution forms aldehyde and 
acetic acid (Chapmfn a. Smith, C. J. 20, 301). 
15. Strong nitric acid acts violently, giving 
o it copious red fumes containing nitrous ether, 
nitric oxide, CO z , aldehyde, acetic* and formic 
acids. If the action bo moderated by making 
three layers of fuming HNO a , water, and alcohol, 
and allowing them to mix slowly by diffusion, 
ths following bodies are formed: aldehyde, 
acetic acid, glyoxal, glyoxylic acid, glycollic acid, 
and ox^)ic acid (Debus).—16. In prosenco of 
Urea, nitric acid oonvevts alcohol iflto ethyl 
nitrate (7. v.). —17. In presence of mercuric ni- 
Wdti, nitric acid acts upon alcohol yith produo- 
Voti L 


tion of fulminate of mercury ( 7 . v.) ; in a similar 
way fulminate of silver may be made. 

It mercury (1 pt.)*be dissolved in HNO, 
(12 pts.) (S.G. 1*3) ana the liquid left for some 
days till no more nitrous fumes appear and the 
liquid is colourless, and then alcohol (12 pts. of 
S.G. *8) be added and the mixture be warmed, a 
pp. is produced which isjpofc mercuric fulminate. 

It may be crystanised irom diluted (4 vols.) 
HNO, (1 vol.). It is G.H.,Hg i O z (NO s ) 2 . At 
120°-130 :> it explodes. It is insoluble in 
water, alcohol, and ether. Potash con¬ 
verts it into C z H 2 Hg 3 0 2 (0H) 2 ; while cold K. 4 C 2 0 4 
slowly converts it into the oxalate,C 2 H 3 Hg 3 0 2 C 2 0 4 , 
a body which is browned by sunlight. A mix¬ 
ture of HNOj and alcohol converts it into 
mercuric fulminate fCowpcr, ts. J. 39, 242; v. 
Gerhardt, A. 80, 101).—18. Chlorine is rapidly 
absorbed by alcohol, and in sunlight the liquid 
may even take fire. The ultimate product ia 
chloral alcoholate, CCl.,.CII(OEt)(OH), but this 
is probably the result of a long scries of reactions 
(v. CiifiOBAn). Besides chloral, there are formed 
HCl, aldehyde, acetal, acetic acid, EtCl and 
other chlorinated bodies.—19. Bromine forms 
HBr, water, EtBr, bromal, and brornal alcoholate 
(E. Hardy, C. It. 79, 806).—20. Dry chlorine 
passed into alcohol mixed with K z Cr z O ? gives 
aldehyde, EtCl, acetyl chloride, and EtOAo 
(Godefroy, Bl. [2] 40, 168).—21. When alcohol 
is distilled with much water and bleaching 
poivder , chloroform ( q. v.) is formed. When 
bleaching powder (300 grms.) is mixed with 
absolute alcohol (67 grms.) in 10 minutes the 
j mixturo gets hot and alcohol distils over to- 
! gethcr with a green oil, which explodes when 
I exposed to sunlight or heated, ami among the* 

! products of the explosion are mono- and di- 
chloro-acetal (Schmitt a. Goldberg, J. pr. [2] 
19, 393), aldehyde, and small quantities of 
chloroform (Goldberg, J. pr. [2] 21, 97).—22.- 
Ilydric chloride produces ethyl chloride : 

EtOH + IlCU EtCl+ 11,0. 

But when excess of alcohol is used and the solu¬ 
tion heated in a sealed tube at 240°, ether is 
j also formed: EtOH + ClEt^EEO + HCl (Rey- 
! noso, A. Ch. [3] 48, 385).—23. Sulphuric 
j' acid mixes with alcohol with evolution of heat 
and formation of hydrogen ethyl sulphate : 

EtOH + H 2 S0 4 = EtHSO, + H,0. 

About half the alcohol and JT.S0 4 take part in 
the reaction; when more dilute acid is used 
hydrogen ethyl sulphate is not formed until 
heat is applied. If a mixture of alcohol witli 
an equal volume (or less) of H a S0 4 be heated, 
a further reaction sets in at ^O^-ISO 0 , ether 
and water distilling over; this is due to action 
of alcohol upon hydrogen ethyl sulphate 
(Williamson, C. J. 4,100, 22{f; v. Ether) : 

IIEtSO, + F$OH-= ILS0 4 + EtOEt 
When alcohol is ht'.iVed with twice its volume 
(or more) of H.,S0 4 ^he mixture begins ta 
blacken between 160°-fo0°, and then gives off 
ethylene, mixed with SO, acetic agid, acetio 
ether, C0 2 , CO, ethyl sutpl ate, and formic acid. 
The main reaction is expressed by the equation 
C z H ti O = C z Hj + HoO (compare Evlenmeyer, A, 
102, 373).—24. Anhydrous suljdmric acid, SO,i 
dissolves in alcohol forming di-ethyl stlphate, 
Et z SO,. Vapour of SO, passed into dry 
alcohol forms crystal® of ethionic anhydride, , 
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3, or * earbjfl sulphate,’ together 

with ethionio, isethionic, and sulphuric acids, 
luid HEtSO,.—25. Heated with sulphurous acid 
at 200° it forms HEtSO.-ether, H a SO„ mer- 
captan, and S (Pngliani, J. 1870, 618).—20. 
. C1S0,H forms EtHSO, and other bodies 
(Baumstark, A. 140, 75).—27. When alcohol is 
dropped upon hot zinc Chloride the greater part 
fa decomposed in accordance with the equation : 

2C.H„0 = C 2 TI,0 + II, + C,H, +11,0. 

' Hydrogen, ethane, 11C1, and polymcrides of alde¬ 
hyde are also formed (W. H. Greene, G. It. 8(1, 
1140). When wet alcohol is heated with ZnCl, 
at 155°, ether is formed, as well as EtCl, basic 
sino chloride being left.—28. Phosphoric acid 
mixed with alcohol forms some di-hydrogen 
ethyl phosphate, F.tH.PO,. Alcohol heated 
with P,0, forms IIEt.PO, and Et.,1’0, (Carius, 
A. 137, 121).—20. Alcohol healed with B 2 0 3 
forms EtBOj and Et 3 B0 3 .—00. Phosphorus 
sulpho-chloride., PSC1 3 , forms di-hydrogen ethyl 
thio-phosphate (Chovrier, Z. [2] 5, 413): 

PSC1 3 + 3HOEt = PS(OH)..(OEt) + 2EtCl + IIC1. 
31. Chloride, of sulphur , 8,Cl,, acts upon 
alcohol forming ethyl chloride, ethyl sulphite, 
and a small quality of mercaptan (Carius, A. 
106, 310).—32. Chloride of antimony dissolves 
in alcohol; if the solution bo heated to ISO' 
the following reaction ensues (II. Scliiff, A. 
Sappl. 6, 218): 

SbClj + 4EtOH = SbOCl + 2EtCl + Et,0 + 2H.O. 
33. Heated with carbon tetrabromide at 100° 
for 12 hours, bromoform is produced (llohis a. 
Groves, O. J. [2J 9, 784) ; Clir, + C,1I„0 ---= 
CHBr a + CjHjO + HBr. Alcohol here acts as a 
reducing agent, as it does also in the next 
reaction. - 34. Heated with a di-azo salt, nitrogen 
is evolved and the entire di-azo group displaced 
by hydrogen: 

C«H r N 2 Cl + C 2 II s O = C„II,H + N a + HC1 + C 2 H,0. 
In some cases the di-azo group is displaced by 
, ethoxyl. —35. Heated with ammoniacal zinc 
chloride at 2G0°, alcohol is converted into a 
mixture of mono-, di-, and tri-cthylainine; the 
yield of mixed bases amounts to 45 p.c. of the 
alcohol used (Merz a. Gasiorowski, B. 17, G37). — 
86. Zinc acetate heated with excess of alcohol at 
100° is converted, in about 30 hours, into zinc 
ethyl acetate and zinc oxide (Kraut, A. 156,323), 

; 87. When stannic chloride is distilled with 
alcohol, ether and EtCl pass over at 140°-170°; 
afterwards a compound of EtCl with SnCl, (Kulrl- 
ttann, A. 33, 100, 192).—38. Crystallised stan¬ 
nous chloride distilled with alcohol yields ether, 
but no EtCl (Marehand); tho same decomposi¬ 
tion takes place in a sealed tube at 240°. 
Crystallised chloride of manganese, and ferrous 
chloride also etheriSy alcohol completely at 240°; 
the chlorides of cadmium, nickel, and cobalt 
partially (Reynoso, A. Ch^ 2] 48, 385).—39. 
Platinic chloride (1 pt.l dissolved in alcohol 
(iO pts.)S of S.G. ‘82 aim distilled to ), yields 
aldehyde,ethyl chloride,II Cl, and the solution con¬ 
tains the sfi-called inflammable chloride of plati¬ 
num C,If ,PtCl„ which is left as a sticky mass when 
the liquid is evaporated (Zeise, P. 9, C32; 21, 
498 ; 40, 249).—40. Platinous chloride boiled 
with alcohol forms a black explosive powder 
called detonating platinum deposit, C 2 II,PtO(J) 
(Zeise, loc.cit.).—~ 41. Mercuric chloride is slowly 


4dneed to calomel by alcohol—4*. Atoohol 
heated with coda dime, air being exolttded, is 
converted into sodio acetate, with evolution ot 
hydrogen; at a higher temperature the sodio 
aoetate breaks up into sodio carbonate and 
marsh^as.—43. Chloride of cyanogen is readily 
absorbed by alcohol but does not decompose it 
immediately. After a few days, or more quickly 
at 60°, NIIjCl separates, and the liquid then 
contains ethyl chloride, ethyl carbamate (or 
urothane), and ethyl carbonato (Wurtz, A. 79, 
280). 

Cotnbinations. —Alcohol combines with many 
salts, acting liko water of crystallisation.— 
SbCljEtOII [G7°] needles (from alcohol); re¬ 
solved by heat into 11C1, EtCl, Sb.,O a , and SbCl;. 
Soluble in ether and chloroform, but decomposed 
by water (W. C. Williams, C. J. 30, 403).— 
AsCl 3 EtOH (148°): liquid ; fumes in the air; 
decomposed by water (Luyncs, A. 11G, 368).— 
CaCL4EtOH: got by cooling an alcoholic solu¬ 
tion of CaCl... with ice.—CaCLBEtOH: got by 
evaporation of such solution over II,S0 4 (Heindl, 
M. 2, 207).—LiC14EtOH (Simon; J. pr. [2] 
20. 370).—MgCl,GEtOII (S.).—Mg(N0 3 ),GEtOH 
(Chodnew, A. 71, 25G): a crystalline mass 
! deposited from boiling solution.—PtCl,2EtOII 
j (Schiitzcnborgcr, J. 1870, 388).-SnCl 4 2EtOH; 
crystals formed by evaporation over H 2 S0 4 
(Lcwy, C. 11. 21, 371; ltobiquot, J. Ph. [3] 26, 
101); heated with acids, this compound readily" 
forms ethyl salts.—TiCl.EtOH [lOiT-llO 0 ] crys¬ 
tals ; decomposed by water (Demar<?ay, B. 8, 75), 

Alcoholatcs or Ethylates are formed 
by displacing tho typical hydrogen by metals. 
They are decomposed by water: 

MOEt 4-11,0 = 1IO Et + MOH. 

Aluminium ethylate Al(OEt), [130°] 
S.G.- 1*147. Aluminium does not attqck alcohol, 
but if iodino bo present and the liquid bo 
warmed, hydrogen is ovolved and aluminium 
ethylate is formed (Gladstone a. Tribe, Pr. 30, 
540): 2A1 + GHOEt = AL(OEt)„ -f 311,. The re¬ 
action probably takes place in three stages; 

3IT OEt + AlS. = Al 2 I 3 (OEt).| + 3HI 
Al 2 (OKt),I, + SHOEt = Al a (OHt), + 3HI 
A!, + CHI -- A1 2 I, + 3H,. 

Aluminium (4 g.), iodine (2g.), and alcohol (40 c.e.), 
are heated in a flask with inverted condenser; 
when no more II comes off, the contents aro 
distilled in vacuo at 300°. (Good yield (12 g.). 
G. a. T., C. J. 39, 2). When aluminium ethylate 
has been fused it remains liquid for a long time 
oven at 70°. It is decomposed by water thus: 

AL(OEt), + CH..0 = Al 2 (OII), + CHOEt. 

When distilled under atmospheric pressure it 
decomposes: AUOEt). = Al.,0, + 30,11, + 3HOEt, 
(G. a. T, C. J. 41, 5). 

Barium ethylate Ba (OEt) 2 Aq (Bertlielot, 
A. Ch. [3] 40, 180), Ba(OEt) Iiu(OH) 2 (Dostrom, 
A. Ch. [5] 27, 8, 22; C. It. 90, 1213). A granular 
pp. formed by boiling an alcoholic solution of 
BaO, or by heating alcohol with BaO in > 
digester at 150°. A white powder, turned yellow 
by oxidation. Converted by C0 2 into bario 
ethyl-carbonato. Destructive distillation give, 
CjH,, methane, H, and BaCO s . 

Calcium ethylate Ca(OEt) 3 resembles the 
barium compound. * 

Ferric*othylate ■‘Fej(OEt), (?).—When the 
proper quantitv of sodio ethvlate is added to an 



*koboHo solution of Fe*Cl # , all the chlorine !« 
ppd. as KaOl, and the filtrate loaves, after 
^evaporation, a black pasty mass, sol. alcohol* 
MeOH, ether^benzene, chloroform, or benzoline 
(Grimaux, C. R. 98,105). A solution of ferric 
ethylate poured into water produces a ^>lution 
Of oolloidal ferric hydroxide. 

Potassium ethylate KOEt.—Similar in 
oharaoter to sodic ethylate. 

Sodic ethylate NaOEt.—When sodium is 
dissolved in dry alcohol, II is evolved, and 
ultimately crystallino lamina of NaOEt 2HOEt 
separate. If the solution be evaporated in vacuo 
at 20° needles of NaOEt 3IIOEt are got (For- 
crand, Bl. 40, 177). The alcohol of crystallisa¬ 
tion may be driven off at 180°. 

Reactions. —1. When mixed with water and 
distilled, alcohol passes over and NaOTI is left.— 
2. Converted by EtI into ether (Williamson).— 
8, Forms ether when it acts on KtN0 3 : but it 
acts like Na upon others of organic acids ; thus 
it converts formic ether into CO and alcohol, 
oxalic ether into CO and carbonic ether, carbonic 
ether into NaCO ;1 Et and EtO, benzoic other 
into NaOBz and ELO, acetic ether into sodium 
aceto-acefcie ether (Oreuthcr).—4. CO combines 
with NaOEt at 100' forming sodic propionate. 
Carbonic oxide passed over a mixture of NaOEt 
and NaOAc at 205° produce n-butyric acid, di¬ 
ethyl-acetic acid, mcsitylenic acid, an acid 
C, 0 H 1( Oo (250°-2G0°), and two ketones C U 1I IH 0 
and C,,n. M 0 (Geuthcr, A. 202, 305).—5. PC1 5 
gives NaCl, PO(OEt) ; „ and ElCi.—6. With chloro¬ 
form it forms ortho-formic ether, CiI(OEt) a 
(Williamson a. Ivay, O. J. 7, 22-1).—7. Chlorine 
forms aldehyde and acetic acid (Maly, Z. [2] 5, 
345).—8. Bromine forms broraal, KtBr, and 
acetic ether (Barth, B. 9, 1450).—9. Chloro- 
acctic acici forms sodium ethyl-glycolate (Hcintz, 
P. 109, 301). -10. Iotkne forms Nal, sodic for¬ 
mate, and iodoform.—11. Iodoform is reduced 
by NaOEt to methylene iodide.—12. Nitrobenzene 
is reduced to azoxybeuzene, azobenzene, and 
aniline (Bicliamp a. Saint-Pierre, C. Jl. 17, 21). 

Thallium ethylate *?T10Et. S.O. :>•;» to 
3'685.—Formed by heating EtOH with thallium 
At 100° (Church), or by exposing thallium to the 
vapour of alcohol in a bell-jar full of oxygon 
(Lamy, A. Ch. [4] 3, 373). It may be solidified 
by great cold. It dissolves in dry alcohol or 
ether, but addition of a trace of water causes 
separation of thallous hydrate. TIOKt is slowly 
decomposed by CHC1 S with separation of T1C1. 

ALCOHOLS.— The term alcohol, originally 
limited to one substance, viz. spirit of wine, i3 
now applied to a large number of compounds, 
many of which, in their external characters, 
exhibit but little resemblance to common alcohol. 
All alcohols are compounds of carbon, hydrogen, 
and oxygen, and are derived from hydrocarbons 
containing even numbers of hydrogon-atoms by 
substitution of one or more hydroxyl-groups, 
OH, for an equal number of hydrogen-atoms: 
thus from propane C 3 H a or CH 3 .CH 2 .CII 3 , are 
derived the three following alcohols 

Propyl alcohol C s H s O = 0,11,(OH) 

Propylene alcohol C a H 8 0 2 « C 3 H ti (OH)., 

P Tglyeerin h0l } C > H *°» “ C ‘ H *( 0II >> 

Alcohols are classed as monobJdric, dl- 
hydrio, trihydric, do., or generally as mono- 


and poly-hydric, according to tHo number of 
hydroxyl-groups which they contain. 

An alcohol is saturated or unsaturated 
according to the nature of the hydrocarbon 
from which it is cfcrivpd. Thus, all the three 
alcohols derived from propane C 3 H 8 , which is a 
saturated hydrocarbon, are themselves saturated 
molecules not capable of forming addition- 
compounds; but*from # the unsaturated hydro¬ 
carbon C 3 H„ is derived the unsaturated compound 
ally 1 alcohol, C 3 H 8 0 or C 3 H 4 (OH), which is 
capable of taking up 2 at. bromine and forming 
the compound C 3 II u Br 3 0. 

The replacement, partial or total, of the 
hydroxyl in an alcohol by Cl, Br, I, or F, gives 
riso to haloid ethers; thus: 

From C 3 II,(01I) aro derived C S H 7 C1, C,E^Br # 
<&c. 

From 0,11,(011), are derived C a H fl Cl(OH), 
C 3 II 0 CL, &c. 

From C 3 II 5 (OII) 3 are derived C a II s Cl(OH) f , 

C JIjCLfOH), C 3 H 5 Ci 3 , <fcc. These substitutions 
are effected by treating the alcohols with the 
chlorides, bromides, and iodides of hydrogen and 
phosphorus, as in the formation of ethyl chloride 
from ethyl alcohol: 

C. .II.OH + HC1 = H(OH) + C..H 5 C1 

3C.,H 6 (OII) + PCI*=P(OII ) 3 + 3C 3 H s C1 

3C.,II 5 (OH) + POCl ? = PO(OII) 3 ► SCftCL 
Instead of the bromides and iodides of phos¬ 
phorus, a mixture of phosphorus and bromine or 
iodine, in the proportions required to form them, 
are often used in these processes.— The. haloid 
ethers are also formed in many instances by 
J direct substitution of chlorine &c. for hydrogen 
in hydrocarbons. 

The treatment of the alkyl chlorides, bro¬ 
mides, or iodides with aqueous caustic alkalis 
gives rise to a substitution opposite to that 
shown in the above equations, reconverting the 
ethers into alcohols; e.g. C 2 II S C1 + KOH- 
KCl + CgHj(OH). ^ considerable portion of the 
alcohol thus formed is, however, converted by 
dehydration into the corresponding olefin: e.g. 

. C. l li 14 0-H 2 0 = C 3 H ( .. A bettor yield of alcohol 
j is obtained by heating the haloid ether with 
! moist silver oxide, which acts like a hydroxide 
i AgOII; and a still better method is to convert 
the alcoholic chloride, &c. into an acetate by 
heating it with silver acetate or potassium ace¬ 
tate, and to boil tho resulting alkyl acetate 
with caustic potasli or soda; 

C..H..C1 v KG ,11,0 , - KOI + C .Hj.OjHjO, 

CiljdyjjO. + koh = IiC-HjOj + OjH,OH. 
Tliis reaction is of great importance in the pre¬ 
paration of some of tho higher alcohols. 

Tho replacement of the hydroxyl in an aloo- 
hol by the corresponding radicles, methoxyl 
OCHj, etlioxyl 00,H 5 , Ac.-^or of the hydrogen 
in the OH by Me, lit, Ac., gives rise to simple or 
mixed alkyl oxfles or ethers: thus EtOH 
yields EtOK, EtOMe, find EtOEt; and ethylene 
alcohol C.,H,(OH) 2 yields 0,H,(0H)(«Et) aiM 
C,,II,(OEt) 2 . These substitutions may be eneoted 
iii various ways, the simplest being to replace a 
H-atom in the alcohol by K or Na, and aot on 
the resulting compound with a haloid ether; Mf. 

2C, J H,(OH). 1 + Na.= 20 2 H,(0H)(CNa)+ H.; 

C,H,(OH)(ONa) + EtX^Nal + CjH t (Om(OEt). 
These oxides may be looked upon as anhydrides 
formed by elimination of onfe molecule of water 
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from two molecules of the same or different 
alcohols. 

In the polyhydrio alcohols, where the two 
hydroxyls occur in the same molecule, the elimi¬ 
nation of water gives rise to another class of 
oxides j thns from ethylene alcohol 0,11,(011), is 
derived ethylene oxide CjH.O. 

The replacement of the hydrogen in an 
alcohol by acid radicle/'produces alky! salts 
also called compound etlusrs or esters) ; thus 
rom methyl alcohol, HeOH, are derived a nitrate 
MeONO,, an acetate MeOAc, an acid sulphate 
Me.O.SO.H and a normal sulphate (MeO).,SO.,. 
These alkyl salts may also be derived from the 
corresponding acids by substitution of alkyl- 
radioles for hydrogen, being indeed related to 
the alcohols in the same manner as metallic 
salts to metallic hydroxides. They may also 
be looked upon as anhydrides formed by elimi¬ 
nation of a molecule of watei between one 
molecule of an alcohol and one molecule of an 
aoid. By distillation with alkalis they are re¬ 
solved into acid and alcohol; e.g. 

EtOAc + KOH = KOAc + EtOH. 

MojtoHTDitio Alcohols. 

1. Series C„Hj„ t ,0 or C„H, 11+ ,OH. Of this 
series the following members are at present 
known, each being derived from the correspond¬ 
ing paraffin 0„H a „ by substitution ol OH forH: 
thus 

Methyl Alcohol . . > CH,,OH 

Ethyl.CJT.OH 

Propyl ..C,H,.0H 

Butyl „ . . . . C,H,.OH 

Amyl ..OjH„.OH 

Hexyl „ . . . . C,H„.OH 

Heptyl „ . . . . C;H, s .OH 

Octyl „ . . . . OjH.j.OH 

Ennyl or Nonyl Alcohol . . C,1I IB .0H 

Decyl Alcohol .... C, 0 H.„.OH 
Hendecyl „ ... C„H„.OH 

Dodeoyl „ ... C„H 2s .OH 

Tetradecyl „ ... C„H.„.01I 

Hexadecyl or Cetyl Alcohol . C 1# IIj,.OH 

Octadecyl Alcohol . . . C|JI 3; .OII 

Ceryl Alcohol .... C, 7 H ss .OH 
Mehssyl or Myricyl Alcohol . C,Jf„,.OH 
The first and second of these alcohols do 
. not admit of isomeric modifications; for sup¬ 
posing, as is most probable, that all the hydrogen- 
atoms in the paraffins methane CII, and ethane 
CH,.CH, have the samo value and are attached 
to their respective carbon-atoms in the same 
way, the result of the substitution of OH for It 
in them must be the same, whichever of the 
hydrogen-atoms is thus replaced. But in all the 
higher terms of tha series the case is different. 
Thus in propane, CH,.CH,,.CH„ the substitution 
may take place either in oio of the exterior 
groups CH„ or in the mjldle group CII,, giving 
rise to two alcohols of different structure, distin¬ 
guished as primary and secondary, viz. 

CHj.OH,.CH,OH • CHj.CITOH.CH, 
Primary Secondary 

Jn, the primary alcohols the carbon-atom 
yM ; 40, 2» hydroxyl is connected immediately 
with alcjphol u other carbon atom, that namely 
nailed detonating ; but in the secondary alcohol 
(Zeise, Joe. cit.).— 41.-q other carbon-atoms, and 


these are the only forms of a 8-carbon aloohol 
Of the series. 

The 4-carbon aloohol of the series admits of. 
a greater number of modifications! For in the 
first place, the hydrocarbon, butane, C„H„ from 
whiohfit is derived, is itself susceptible of two 
forms, viz., Normal butane CHj.CH,.CH,.CH, 
and Isobutane CH,.CH(CH,),; and further the 
first of these hydrocarbons is capable of yielding 
one primary and one secondary alcohol—these 
terms having the meanings above explained— 
while the second yields another primary alcohol, 
and likewise a tertiary alcohol, in which 
the C-atom joined to the hydroxyl is linked 
also to three other atoms of carbon. TheBe 
four derivatives are represented by the following 
formula) 

Normal Primary CH,.CH,.CH,.CH a OH. 

Isoprimary (CH,),CH.CH,OH. 

Secondary CH s .CH(OH).CH,(CH,). 

Tertiary (CH,),C(OH).CH a . 

The higher alcohols of the series admit of 
a still larger number of isomcrio modifications) 
but all these alcohols must be either primary, 
secondary, or tertiary; for the C-atom joined to 
the OH cannot bo joined to a number of other 
carbon-atoms greater than three. In other 
words tho replacement of an H-atom by the 
group OH must take place, either in a methyl- 
residue CH„ a methylene-residue CH.„ or a 
methenyl residue CH, producing respectively a 
primary, secondary, or tertiary, alcohol. 

A very convenient nomenclature for these 
isomcrio alcohols has been introduced by Kolbe 
(A. 132, 102). Methyl alcohol is calledcarbinol 
and the higher alcohols named as its substitution, 
products, thu3: 

Carbinol or Methyl Alcohol CH,OH. 
Methyl-carbinol or Ethyl Alcohol M^CH,OH. 
Ethyl-carbinol or Propyl <Alcohol EtCH.,OH. 
Dimethyl-carbinol or Isopropyl Alcohol 

Me,CHOH. 

Propyl-carbinol or Butyl Alcohol PrCH-OH. 
Isopropyl-carbinol or Isobutyl Alcohol PrCHjOH, 
Methyl-cthyl-carbiifol or Secondary Butyl 
Alcohol MeEtClIOH. 

Trimethyl-carbinol or Tertiary Butyl Alcohol 

Me,COH. 

Primary, secondary, and tertiary alcohols are 
distinguished from ono another by their pro¬ 
ducts of oxidation. The primary alcohols 
of the series C„H.„ + a O, containing the group 
CH,OH, are converted by oxidation with chromio 
acid mixture, first into the corresponding 
aldehydes, by removal of H„ or conversion of 
CH,OII into CHO, and then by further oxidation 
into fatty acids C n H,„O a ; thus: 

CH,.CH,.CII.,OH + 0 - H,0 + CH s .CII,.CHO 

Propyl Alcohol J’ropiuiilo Aldehyde 

CII 3 .CH,.CH,OH + 0 2 =H,0 i- CII 3 .CH 3 .COOH 

Propionic acid 

A secondary aloohol on tho other hand 
which coutains two alcohol-radioles united by 
CIIOH, is converted, by removal of H, from this 
group, into a ketone, i.e. a compound consisting 
of two alcohol-radicles united by the group CO, 
thus: 

CH,.CtiOH.CH, + O-H./) k CH..CO.CH, 

Sccomlarv Propyl Dimethyl Ketone 

Alcohol 

Conversely tho aldehydes treated with nascent 

* 
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hydrogen (action of lodium-amalgam) are con- 
. verted into primary alcohols, and the ketones 
into secondary alcohols. 

Tertiary alcohols do not yield by oxida¬ 
tion.either aldehydes or ketones, or acids con¬ 
taining the same number of carbon-amms as 
themselves, but are split up into bodies contain¬ 
ing smaller numbers of carbon-atoms—tertiary 
butyl alcohol for example into formic and pro¬ 
pionic acids: 

(CH 3 ) 3 COII + 0, = CHA 4 C 3 II fi 0 2 + H,0. 

The three classes of alcohols may also bo 
distinguished by the following testA quantity 
of dry silver nitrite, mixed with an equal weight 
of dry sand, is introduced into a small distilla¬ 
tion-flask fitted with a Bide-tube; the iodide of 
tho alcohol under examination is then added; 
the mixture, after tho reaction has begun, is 
distilled; and the distillate, received in a test- 
tube, is shaken up with potassium nitrite 
and potash-ley, and then acidulated with dilute 
sulphuric acid. If no coloration of the mass 
ensues, the alcohol-radicle present is a tertiary, 
whereas a red coloration indicates the presence 
of a primary, and a blue coloration that of a 
secondary, radicle. The reaction maybe re¬ 
cognised with great distinctness with the use 
of not more than 0-3 to 0*5 grm. of tho alcoholic , 
iodido (Moyer a. Locher, D. 7, 1510). Secondary 
hexyl iodide docs not give this test. 

2. Series C n II., n O. The most important mem¬ 
ber of this series isallylalcohol C 3 H b O, which 
is a primary alcohol, convertible by oxidation 
into acrylic aldehyde C 3 II 4 0, and acrylic acid 
C S HA. They are unsaturated compounds 
capable of taking up 2 at. bromine, and forming 
the compounds C n H 2n BrA 

3. Senes C n H. i!M _ 2 C). This series includes pro- 
pargyl alcohol, di-allyl-earbinol, and the higher 
homologues of tho latter. 

4. Series C n H 2n _ 8 0. These alcohols are 
derived from tho aromatic hydrocarbons, 

in the same manner as tho fatty 
alcohols C„H 2n+2 0 from 1,he paraffins. Tho 
lowestmcmbur, viz.,phenol C 8 1I 8 0 or CJI^OH), 
which may be formed from benzene, C„II S , by 
oxidation with II 2 0 2 or with nascent ozone 
(Leeds, JJ. 14, 00), is the only alcohol of tho j 
series containing 0 at- carbon. The higher 
terms admit of isomeric modifications: for all 
the homologues of benzene may be regarded as 
derived from benzene by substitution of one or 
more of its hydrogen atoms by alcohol radicles 
and the formation of an alcohol from 
such a hydrocarbon by substitution of OIT for II 
may take place either in the benzene nucleus or 
in one of the substituting alcohol-radicles : thus 
from toluene C^II^ 11., may be obtained the two 
alcohols, CA.CH.OH (benzyl alcohol) and 
C fl H 4 (OA-CH s (cresol), and the higher hyd rocar- 
bonB of the series are capablo of yielding a still 
greater number of motameric alcohols. Tho 
properties of the compounds thus formed differ 
considerably, according as tho hydroxyl is 
introduced into the benzene nucleus, or into one 
of the associated alkyls. The compounds formed 
in the latter case—benzyl alcohol for example 
—are "true alcohols analogous in all their reac¬ 
tions to those of the fatty series; Ifut those in 
whioh the OH replaces a hydrogen-atom in the 
benzene nucleus (phenols) exhibit very different 


properties, the hydroxyl being muoh less easily 
displaced by other radicles (Cl, Br, &c.), o. 
Phenols). * 

S. Series 
cinnamyl 
C m H„ 0, and allyl-phenol C„H ]t O. 

Dihydrio Alcohols. 

These aleohofs are derived from hydrocar¬ 
bons by substitution of two IIO-groups for two 
H-atoms, and may therefore bo regarded as com¬ 
pounds of divalent alkyls with hydroxyl. Two 
series ol them are knowu, viz., glycols derived 
from tho fatty hydrocarbons, and dihydrio 
phenols from tho aromatic hydrocarbons. 

H. W. 

The lower glycols are described as Glycol, 
Propylene olycol, and friM ethylene glycol, 
but tho higher members as (Ij-Oxy-buiane,-pen¬ 
tane, ike. TJnsaturated glycols are described as 

di-OXY-BUTINENE, -IIEXINKNE, and -HEPTINENB. 

The chief di-hydric phenols are Pyro-oateohin, 
Resorcin, and Hydroquinone. Zh-OxY -naptha* 
lene and di-OxY-ANTHRACENE belong to this 
class. 

TninYDnio Alcohols. 

This class is represented by five fatty alcohols: 
Glycerin, and fri-OxY-jjoTANE,-PENTANE,-HEX- 
ANE, and -HEXINENE. There arc also soveral 
aromatic representatives, e.g. Pyiiogallol, Phlo- 

ROaLUClN, and fzi-O-YY-N'Al'THAEENE. 

Tetraiiydr o Alcohols. 
Krythrile is the only fatty tctra-hydric alcohol 
known. Tetra-oxy-bonzene aud tetra-oxy. 
tetra-phenyl-othano, aud tetra-oxy-tri. 
phenyl-mcthano are aromatic tetra-hydria 
alcohols. 

Pf.ntahydric Alcohols. 

Finite and quercito are the only ones known. 

Hexaiiyduic Alcohols. 

Mannite, dulcite, sorbite, perseite and 
hexa-oxy-diphenyl make a complete list. 

Formation of Alcohols.—1. From haloid 
ethers as described above.—2. From aldehydes 
or ketones by reducing with sodium-amalgam.— 
3. From acid anhydrides by reduction with 
sodium-amalgam (Linnemann).— 4. From pri¬ 
mary amines by the action of nitrous acid j this 
reaction is, however, accompanied by an intra¬ 
molecular change in the case of all fatty amines 
except cthylamine and methylamiue. As a result 
of this chango n-propylamino gives rise to 
secondary as well as u-propyl alcohol.—5. Se¬ 
condary Alcohols may bo got by the action of 
zinc alkyls upon aldehydes: 

llCIIO + ZnF.t.- R.CHEt.OZnEt 
E.CHKt.OZnBf+H,0» 

E.CHli!t.OH + F.tH t ZnO 
6. Tertiary alcohols can be formed, similarly, 
from zinc alkyls and acid chlorides: 

CHj.CO.Cl + ZnMa,=CIL.CClMe.cftuMe * 
CH,.CClMe.OZnMc + ZnMe*. 
CH,.CMe...OZnMe + CIZnMe 
CH,.CMo,.OZnMe + H.,0 = 
CH,.CMe,OII + ZnO + CH, 
v. Zino-methyl.— 7. From olefines, by dissolving' 
them in H a SO ( and distilling the product with 
water: Me,G:0H, + H,SO, a Me.CJ.O.SO,H 
Mo,C.O.SO,H + H,0 - Me,O.OH + H,SO r 


iz n TTr_.U. 10 this series belong 
alcohol O.H, n O, cholesterin 



10* ALC0H0I& 

Jtistas: CJEL+H,SO .mQfifiOM ether or with an ether of acetio or butyrf* 

V"'. OjHjHSOi + 1^0+H,S0 4 . acid with inverted condenser.no change ocours 
By this reaction primary aloohols can be turned (G.).— 10. If a small quantity or a secondary 
Into secondary.— Thus conr. H 2 S0 4 converts alcohol, other than isopropyl alcohol, be 
propyl alcohol into propylene, which is converted moistefed with HNO s and then mired with 
oy the above treatment into iso-propyl alcohol, water and shaken with ether, on adding alco- 
Beactions of Alcohoh.—Besides the general holio KOH to the residue left after evapo¬ 
rations mentioned above, ?he following are rating the ether, yellow prisms of a potassium 
important:—1. Any reaction that might be alkyl nitrite separate (Chancel, C. R. 100, 601). 
expected to produce an alcohol of tho form —11. Benzoin, isohydrobenzoi'n, and pyrocate- 
B.CH:CH.OH,produces an aldehyde, R.CH^.CHO, chin givo, when their sodium compounds are 
instead (Erlenmeyer, B. 13, 309; 14, 320). Simi- treated with ClCO.Et, neutral carbonates of 
larly an alcohol of the form R.CH:CR’.OH be- the form K"CO s , while resorcin, hydroquinone, . 
comes a ketone, R.CIL.CR'O.—2. On heating and orcin give di-carbonates, R"(C0 3 Kt) 2 (M. 
methyl, ethyl, butyl, octyl, and capryl alcohols Wallach, A. 226, 87).—12. On the Rate of Ethei'i- 
with ammoniacal ZnCl 2 at 240°-280° a mixture fixation of alcohols v. Chemical Change.— 13. 
of the mono-, di- and tri-alkylamines is got, the Fe 2 Cl 0 gives a colour-reaction with all oxy-com- 
yield of which amounts to 60-76 p.c. of the pounds whether aromatic or fatty, though in tho 
alcohol (Merz a. Gasiorowski, B. 17, 623).—3. latter case the reaction is faint and a nearly 
Tertiary alcohols differ from primary and secon- colourless solution of the reagent is required, 
dary alcohols in not combining with baryta Such a solution can be prepared by diluting two 
(Menschutkin, J. R. 10, 3G8).—4. Cone. IINO a drops of 10 p.c. solution of Fe 2 Cl„ with 60 c.c. 
converts tertiary alcohols into nitro-alkylenes, of water. If an excess of the substance to be 
thus (CH„) 3 COH becomes nitro-iso-butylcnc tested is added to this solution a sulphur-yellow 
0 4 H 7 N0 2 (Bn. 1, 232).—5. The boiling-points of colour will be produced if a fatty alcohol, oxy- 
tertiary alcohols are lower than those of tho acid, or carbohydrate is present (Landwehr, B . 
isomeric secondary alcohols, and these again 19, 2726). 

lower than those of the isomeric primary ulco- ALDANE, A term proposed by Riban (C.R* 

hols.—6. The alcohols C^H^O are decomposed 76, 98) to designate products formed by tho 

by srinc dust at 300°-360° into olefine, C n H,.„, and union of two or more molecules of an aldehyde, 

water. Methyl alcohol gives, however, CO and with elimination of water— e.g. crotonic aldehyde 

hydrogen (Jahn, M. 1, 378).—7. Carbonic oxide CII ; ,.CH:CII.CHO from aldehyde. 

above 100° acts upon sodium alcoholates (ItOXa) Di-aldane C h H|,0,, i.e. 

mixed with sodium salts (C n H„ n _,0.,Na) as follows: CH 3 .CH(OH).CH 2 .CH:CIl.CII(OH).CH 2 .CHO 

RONa + CO + C n II.^ ,O..Na - [130°]. 8. (ether)-87 at 22°. Formed by the 

CHNaO,.+ C n H., n ‘_ 2 RO".Na condensation of aldol, CH 3 .CH(OH).CH..CHO, 

the elements of NaOH being abstracted bo that under the influence of hydrochloric acid (Wurtz, 
R displaces H. A secondary reaction is Bl. [2] 24, 100 ; 28, 169). Crystallised from 

RONa-f CO^RC0 2 Xa water. SI. sol. cold waTer, v. e. sol. boiling 

(Geuther a. Froehlich ; Looss ; Poetsch, A. alcohol. May be distilled in vacuo. It reduces 
218, 66). But CO does not act on a mixture silver solution. Aqueous NH 3 at 100° forms a 
of sodic phenylate and sodic acetate at 200° j crystalline base, C l6 H 2 gN 2 0 3 , v. sol. water, 
(Schroeder, A. 221, 35), or on one of sodic ■ alcohol or ether (WJurtz, C. R. 91, 1030). The 
ethylate and Bodio benzoate at 200°. On a * aqueous solution of the base deposits, after some 
mi xture of sodic ethylate and sodic phenyl- time, an amorphous isomeride. 
acetate CO forms various acids including one Iso-di-aldane C M 1I 14 0 3 [114°]. Formed by 
(8I0°~320°) which may be phenyl-vinyl-butenyl heating aldol at 125° (W.) or by slow action of 
aoetio acid, Ph.C(C 2 Il 3 )(C 2 H.,Et)COJI. On aqueous 1ICN upon aldol (Lobry de Bruyn, BL 
a mixture of NaOEt and sodic cinnamate, [2J 42,161). 
carbonic oxide forms di-ethyl-cinnamic acid, Di-aldanic acid C h H I( 0 4 i.e. 
O i H v CEt:CEt.CO ,II and di-butvl-cinnamic acid, CH 3 .CH(0H).CH. r CH:CH.CH(0II).CII 2 .C0 2 H 
C - H|.C(C 4 H 9 ):C(C 4 H h ).C 0 2 H. Both are oils.—8. [80°J. (198°) at 20 min. Formed by treating an 
Primary alcohols heated with so da-lime form acids aqueous solution of di-aldane with Ag.X) or 
and give off hydrogen thus : RCII/)H + KOH KMn0 4 (Wnrtz, C.R. 83, 255,1259). Monoclinio 
RCO,K + 2Hj (Dumas a. Stas, A. 35, 129). But crystals. V.e. sol. alcohol or water, m. sol. ether, 
at a higher temperature a second reaction Salts:—KA'deliquescent crystals (from 98 p.c. 
oocurs: RC0 2 K + KOH - RH + C0 3 K 2 . If the alcohol).—NaA': plates (from alcohol).—BaA' 2 : 
hydrogen evolved bd measured, some conclusion ppd. as powder by adding ether to an alcoholic 
may be drawn as to the molecular weight of solution.—CaA' 2 araq: v. o. sol. water, but not 
the alcohol; but the lower alcohols cannot deliquescent.—AgA': Bmall lamin® (from boiling 
give good results, as tho hydrocarbons RH water); insol.*alcohol. 
afe gase& Myricyl alcohol gives off 4? of Di-aldanic alcohol C h H 1(J 0 3 i.e. 
the ealculated hydrogen (O. Hell, A. 223, 269).— CH 3 .CIi(OH).CHj.CfRCH.CH^H).CH 2 .CH 2 OH 

2. When A alkyl carhmate is heated with [49°-53°]. (162°-165°) at 10 mm. Prepared by 
an alcohol, exchange of radicles occurs if the reducing di-aldane in aqueous solution with a 
radiolo of the alcohol contains more carbon large excess of (1 p.c.) sodium amalgam, the 
. atoms than that of the ether (Rose, A. 205, liquid being kept slightly acid with HCh The 
*240). BqJ when an alcohol is heated with an liquid is nqutralised and evaporated, freed frpm 
, acetal, exchange takes place only if the alcohol NaCl by alcohol, and the alcoholic solution 
Ras the smaller radicle (Geuther, A. 218, 45). distilled (Wurtz, O, R. 92,1871). White, crystal- 
•When an alcohol is coiled with a simple line, deliquescent mass. V. e. soL water and'; 
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alcohol; t. sol. ether. Ac 2 0 forma an aoetate 
CLIfyAoA (o. 169°) at 20 mm. Di-aldanio 
alcohol does nbt reduce ammoniacal AgN0 3 .. 

Constitution. — The formation of a di-acetate 
seems inconsistent with the constitution assigned 
to di-aldanic alcohol. Di-aldano may be con¬ 
sidered to be derived from di-aldol, 

CJH,.CH( 0H).CH,.0H(0 \ l ).CH,.C i f(0 If ).CTT a .CIIO, 
by removal of H 2 0. If this dehydration is to 
destroy two hydroxyls an anhydride must bo 
formed: 

CH 3 .CH.CH 2 .CH.CH 2 .CH(OII).CH 2 .CHO 

(J)-1 

and the formula) of dialdane derivatives must 
be altered accordingly. 

ALDEHYDE (ACETIC) C.,11,0, i.e. CII :t .CHO. 
Mol. w. 44. (21°). S.G. -800* (Kopp, A. 64,214); 
Y *7799 (Bruhl); $ *7951; ft *7870 (Perkin, C. J. 
45, 475). S.V. 56-6 (Ramsay). p 0 1*3359. 
R 18-18 (B.). H.F.p. 48,740 (Thomsen); 
46,000 (Bertholot). H.F.v. 47,870. M.M. 
2-383 at 16-3°. V.D. 1*532 (for 1-5*20). 

Occurrence. —In the first portions obtained 
by rectifying spirit that has been filtered through 
charcoal, where it is perl)aps formed by oxida¬ 
tion in the charcoal (Kramer a. Pinner, 13. 2, 
403; 4, 787; Kekul6, B. 4, 718). The name 
aldehyde was invented by Liebig as a contrac¬ 
tion of alcohol dehydrogenatum. 

Formation.—1. In the oxidation of alcohol, 
either by slow combustion in contact with pla¬ 
tinum black, or by the action of Cr0 3 , chlorine 
water, HNO a , or a mixture of H 2 S0 4 and Mn0 2 
(Liebig, A. 14,133). Also by oxidation of acetic 
ether and other ethyl compounds ( e.g. ethyla- 
mine, Carstanjon, J. pr. 89, 480), and by slow 
combustion of ether.—2. By action of ZnCl 2 on 
glycol: <5 2 H 4 (OII) 2 - H 2 0 + C 2 H 4 0 (Wurtz, A. 
108,80).—3. From ethylene bromide and water 
at 100° (Carius, A. 131, 172) C 2 H 4 Br 2 + H 2 0 = 
C 2 H 4 0 + 2HBr. From ethylene bromide and 
mercuric acetate (Linneinann, A. 143, 347).— 
4. From ethylene and CO.# at 400° (Schiitzen- 
berger, 131. 31, 482).—5. From acetylene and 
aqueous HgBr 2 (Kutscheroff, 13. 14, 1540).— 
6. By electrolysis of potassic lactate (Kolbe, A. 
118, 244), of sugar solutions (II. T. Brown, C. J. 
25, 578), or of alcohol containing H 2 S0 4 or KOH 
(Jaillard, G. R. 58, 1203).—7. By dissolving 
acetylene in dilute H 2 S0 4 (S.G. 1*35) and dis¬ 
tilling the product with water (Lagnrmavk a. 
Eitekoff, B. 10, 037).—8. By the dry distillation 
of a mixture of calcic acetato and calcic formate 
Ca(C0 2 CII 3 ) 2 4 Ca(CO.,H),= 2CaCO a + 2IICO.CH, 
(Ritter, A. 97, 309).—9. By oxidation of ethylene 
with aqueous CrO s at 120° (Berthelot, G. R. 08, 
834).—10. By reducing chloral with zino and 
dilute H 2 S0 4 (Pcn&nne, C. R. 71,227).—-11. To¬ 
gether with formic acid by heating lactic acid 
with dilute H 2 S0 4 at 130°: 

CH 3 .CH(OH).C0 2 H=ch 3 .chC> + IICO,H 
(Erlenmoyer, Z. [2] 4, 343). Also, together 
with lactide, by the dry distillation of lactic 
acid.—12. Among the products of the action of 
H^SO, and Mn0 2 or K 2 Cr 2 0 T upon albumen, 
fibrin, casein, gelatin (Guckelberger, A. 04, 4G, 
86), oagluten (Keller, A. 72, 31).—13. By heat¬ 
ing acetal with glacial acetio acid wit 180° for 
tiro days (Boilstein, C. R. 48, 1121).—14. By 
parsing alcohol through a red-hoj tube. From 
fftmp oil in the tame way (Hess, P. 88, 380). 


Aldehyde occurs among the products of the dry 
distillation of wood (Kane, A. 19, 288 ; Krfunor, 
a. Grodzki, B. 9,1921; Mabery, Am. 6,258), and 
of sugar (VSlckel, 4 t 87, 303).—15. By distilling 
a-di-alkylated-/3-oxy-propionio acids; 

CH r CH(OII).CEt 2 .CO.H- 
CII 3 .CIIO i CHEt 2 COJI. 

Preparation. — -f. Fr&n the ‘first runnings * 
in the rectification of fermented liquors.— 2. 
Alcohol (3 pis. of S.G. *842) and K 2 Cr 2 0 7 (3 pts.) 
are placed in a retort and cone. H 2 S0 4 (4 pts.) is 
slowly run in. The heat evolved causes the 
aldehyde to distil off (W. a. R. Rodgers, J. pr. 40, 
240). It is collected in dry ether, which iB after¬ 
wards saturated with dry NH 3 ; aldehyde- 
ammonia separates in cubes, and this is distilled 
with H.,S0 4 (3 pts.) mixed with water (4 pts.), 
the receiver being cooled with ice and salt. The 
product is dried over CaCl 2 and rectified. 

Properties. —Characteristic odour, miscible 
with water, but separated by CaCl 2 from solu¬ 
tion. Neutral. Readily polymerised. Mixes with 
alcohol and ether. A mixture of aldehyde (lpt.) 
and water (3 pts.) boils at 37°. Aldehyde dis¬ 
solves S, P, and I. Burns with blue flame. It 
dissolves 7 times as much S0 2 as water does. 

Tests.— 1. Heated with ammoniacal silver 
nitrate forma a mirror.—2. Heated with aqueous 
potash forms a yellow body (aldehyde resin) and 
gives off a characteristic odour (Weidenbusch, 
A. 60,153). The solution then contains form¬ 
ate and acetate.—3. Restores the colour to a 
solution of a rosaniline salt that has been 
bleached by S0 2 .—4. Reacts with hydroxy lamina 
forming a liquid oxim ( v. infra).—5. React# 
with phenylhydrazine forming a crystalline 
phenyl-hydrazide (v. infra). —6. Combines with 
NaHSO s .—7. Combines with NH S ,—8. H 2 S 
passed into an aqueous solution forms an oil* 
converted by acids into solid thio-aldehyde 
(q.v.),~ 9. Alkaline aqueous solutions produce 
a red coloration when treated with diazo-ben- 
zene sulphonic acid and alittlesodium-amalgam. 

Reactions.— 1. Oxidised to acetic acid slowly 
by air , more rapidly in presence of platinum 
black, most rapidly by oxidising agents.—2. 
Passed over red-hot soda lime, it forms sodio 
acetate and hydrogen. Passed over red-hot 
quicklime , it gives acetone and various ketones 
and gases (Scliloemilch, Z. [2j 5,330).—3. HI at 
high temperatures reduces it to ethane (Berthelot* 
Bl. [2] 7, 59).—4. Sodium amalgam reduces 1 it 
to alcohol, some di-oxy-butano being also formed 
(Kekule, A. 102, 309).--5. Converted into 
crotonic aldehyde (q. v.) by ZnCL, or by aqueous 
solutions of sodic acetate or Rochelle salt at 
100°. Zinc shavings at 100° produce an alde¬ 
hyde C tt II I0 0 2 (220°); it is^ln oil and combines 
with NaHSO, (R$an, Bl. [2] 18, 63).~6. With 
chlorine forms, in Bunlight, acetyl chloride 
(Wurtz, A. 102, 93).—7. Chlorine passed into 
aqueous aldehyde forms chloral, butyro-chlorfl, 
dichloraldehyde, and other bodies jPinner, A . 
379, 21 ; B. 8, 1321, 1561; Wurtz a. Vogt, 
Bl. 17, 402). Bromine converts aldehyde, 
dissolved in acetio ether, into bromal and 
di-bromo-aldehyde.—8. PC1 5 giveB ethyliden# 
chloride, CH 3 .CHC1 2 (Beilstein, A. U8, 110). 
COCl 2 acts similarly (Eckenroth, B. 18, 518).—* 
9. PCljBr, gives ethylidene bromide, CH 3 .CHBr^ 
(Paterno a. Pisati, B. 6, 289).—10. Dry HCf 
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2. With ammonia-. CH,.CH(01X).KH > . 

Aid thy de-ammonia [70° HO 0 ]. (100°), 

V.D. 80-36. By passing NH a intfi ethereal solu¬ 
tion o( aldehyde (Liebig, A. 14,133). llhombo- 
hedrj, best got bymixing a cono. alcoholic solu¬ 
tion with ether, very soluble in water, hardly 
soluble in ethor. Alkaline. Turns brown in air. 
Decomposed by dilute acids, even by CO..,, giving 
oft aldehyde. Reactions.—(re) IRS forms thi- 
aldine (q. v.).—(h) H,So forms selen-aldine 
C„II ls NSe..—(c) Alcoholic CR a forms cnrbo-thi* 
aldine (q. v.).—(d) HCN and HC1 form, in the 
cold, hydrocyanaldine, C„H IS N„ or on heating, 
alanino (q. v.).—(c) At 120° in a scaled tube it 
forms tri-methyl-pyridine, oxy-tctralcline 
0,11,,NO, mdoxypenlaldine C lo II„NO. The 
aqueous xien xonns aiuoq?. o.p—iz. n^ipasseu ; two latter are monacid amorphous bases, si. sol. 
into a mixture of aldehyde and alcohol forms water (Uabo, J. pr. 72, 88 ; Heintz a. Wislicenus, 
ohloro-ethyl ether (q. v.).— 13. HC1 passed into a J. 1858, 317; Schiff, A. Suppl. fi, 10).—(/) Ao- 
mixture of aldehyde andnicreaphmformsdi-tliio- lion of SO, is described above.— (g) CS, forma 
acetalCH,.CH(SEt)„ a mobile liquid (Raumann, carbothiahlinc C.H ID N,S, (q.v.).— (h) NaOEt and 
B. 18,884).—14. Aldehyde forms with zinc ethyl Mel in the cold form isocholine iodide, C,H M NOI 
a compound which is decomposed by water with (G. Meyer, B. Ill, 207). 

production of secondary butyl alcohol (q. v.). — 3. With ammonia and silver nitrate or sul- 

16. When paraldehyde (1 p.) is added to cold phate: When AgNO, (100 c.c. of a | normal 
H,SO. (100 p.) and the solution is shaken with solution) is added to aqueous Nil, (15 o.o. four 
benzene, di phenyl-ethane is got: times normal) and, after filtration, aldehyde is 

CH,.CH0-i-2C l ,H s = CH,.CH(C u H l ) ! + H,0 added as long as the pp. first formed redissolves, 
(Baeyer, B. 7, 1100). - 16. With eyanamide it a liquid is got in which more Nil, (15 c.c.) causes 
forms a compound (C.H|),N,Cy,Aq (Knop.d. 131, 1 separation of tile compound C,II„N,0,Ag laq, 
253).—17. With HCN it gives lacto-nitrilc ( 5 . in). ' which must be washed with alcohol and ether 
18. With HCN, HC1, and NH, in aqueous ' and dried at a losv temperature (lleychler, B. 
solution it gives, on boiling, alanine (q. u,). A 17,41), It form 3 unstable white six-sided plate 3 . 


passed into cold aldehyde formsethylidene ohlor- 
hydrin CH,.CH01.OH, ^(25°) at 40 mm. This 
changes spontaneously, or more quickly if heated 
or treated with HCI, into ‘ etljylidene oxy-chloride,’ 
C.H.CljO, ( 0 . 69°) at 40 mm. A small quantity 
of another body, C,H I 2 C1,0, ( 0 .100°) at 40 mm., 
is also got. Ethylidene oxy-chloride is probably 
di-ohloro-di-ethyl oxide (CK,.CHC1),0. It is 
converted by boiling water into aldehyde and 
HOI, and by ammonia into efflorescent needles 
of (CHj.CHNH,)./) 2HC1 (Lieben.C. B. 46, 602; 
Kessel, A. 175, 46; Hanriot, G. B. 92, 302). 
Aldehyde saturated with IICl is converted into 
crotonio aldehyde (q. v.), chloro-butyrie aldehyde, 
and a compound C|„H„C1,0, [98°j (Kekule, A. 
162, 102).—11. Aldehyde left for some days with 

_Tim t _li.i /_ .. \ in T.rni_' 


mixture of aldehyde-ammonia and llCN in 30 
p.c. solution acidified by IICl give 3 in the cold 
amido-propionitrile, which changes first to 
imido-propionitrile, and then, in about a month, 
to hydrocyanaldine. 

Hydrocyanaldine [115°J. S.’ISat 

20°. S. (alcohol) 1-27 at 18°. Prisni 3 (from 
ether). May be sublimed. V. sol. acetone, m. 
sol. ether, v. si. sol. CS. r Decomposed into it 3 
components by boiling AgNCX, or boiling KOII. 

Parahydrocyanaldine C,,H I 2 N,. [232°]. 
S. -01 at 20‘ c ; S. (alcohol) -01 at 18°. This is a 
similar body formed by allowing the liquid con¬ 
taining hydrocyanaldine to stand several months, 
and also by warming a mixture of amido- and 
imido- propionitrile with HCI. Rhombic crystals 
(from acetone). Insol. ether, v. c. sol. acetone. 
Decomposed by AgNOj or KOII like hydrocyan¬ 
aldine. 

Cotnbinations. —1. With bisuljdiites of the 
alkalis : C 2 H 4 ONaH.SO,Aq: pearly plates by 
evaporation over H..SO,; satiny needles when 
ppd. by alcohol.—C^OKILSO.,: hard indis¬ 
tinct crystals composed of minute needles.-— 
(C 2 H 4 0) 2 Ba(HS0.,) ; ;t?,soluble scales.—If a solu¬ 
tion of (NH^HSOg be mixed with aldehyde and 
evaporated, it deposits crystal!! of C.JI l OHO..NH„ ! 
S. lf> at 10° (Bunte, A. 170, 305). But by 
gassing d 0 2 into alcoholic aldehyde-ammonia, 
Bedtenbacher (A. 65, 37) got unstable needles of 
an isomcrifc body, 8 . 70 at 16°. When strongly 
heated with potash-limo.thisdeeomposed with pro¬ 
duction of di-methyl-amine or ethylamine (Goss- 
mann, A. 91, 122). — It may bo C^H.ONII.HSO, 
(Beilstein).— The compound of aldehyde with acid 
■odium sulphite may perhaps be represented 
by the formula CH.,.CH(OH).SOjNa, as a-oxy- 
•ethyl sodium sulphite. 


SI. sol. water, v. si. sol. alcohol, insol. ether. 
Its warm aqueous solution deposits a silver 
mirror.—If the same solutions be mixed in the 
following proportions: 20 c.c. NI^Aq, 33 c.c. 
j AgXO <t Aq and 20 c.c. aldehyde, and 250 c.c. 

■ alcohol be added, a whfie microcrystalline pp. 

; O t H 1 ( ,NjO a Ag is got. This body is represented 
I by Liebcrmann a. Goldschmidt (13. 10 , 2179; 
11, 1198) as AgNO,2CH,NH ; 

Beychler writes A’gO.N (<^ I ) I >CII.CH 1 ) J ,— 

Ag.S0 1 (C.H,NH),3aq.—Ag.S0 4 (C.H l Nn),6aq.— 
Ag.'.SO,(aiI 1 NH)jNH 1 3aq (W. (J.'Mixter, Am.3, 
[3] 17, 427). 

4. A solution of aldehyde in alcoholic am¬ 
monia in six months becomes brown. If it be 
then evaporated, tri-cthylidcnc diamine , or 
hydracetamule (CH.,.CII) :| N. J , is left as a yellow 
amorphous powder, soluble in water. Its hydro* 
chloride is C, i H 1 ..N 2 2HCl. Boiling water or acids 
convert it into oxy-trialdinc C„II,,NO, an 
amorphous yellow powder, soluble in water; 
salts.—CJI i 1 N0.IIC1.—(C h H ii N0).,H 2 S0 4 (H. 
Schiff, 131. [2J 8 , 413; A. Suppl. 6 , 1). 

5. With prussic acid: C./i 4 ()CNH i. e. 

C..H,(OH)CN, ethylidene cyanhydrin o* 
lacto-nitrile (q. v.).— 6 . With ethyl nitrate ; 
C.,H,02EIN0^ ( 86 °). S.G. 1045. Formed by 

distilling a mixture of KEtS0 4 with KHO,. It 
is an oil. Vapour explosive. Decomposed by 
potash into aldehyde (Nadler, A. 116, 173). 

7. With ethyl chloride v. Ciiloro- >i-ethyi 
oxide. 

8 . With alkoyl chlorides or bromide fl. Tha 
following compounds may be viewed as dorived 
from ethylidene glycol chlorhydrinCH,.OH'OH)C] 
(v. reaction 10), by displacement of H by ftcid 
radicles. * 
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(a) With acetyl chloride'. 0,11,0, C.^H,O.Clor 

C 2 H 4 (OAc)Cl, ethylidene chloracetin (121*5° cor.) 
8.0. 1*114.* Combination takes place at 

100° (M. Simpson, Pr. 27, 120; Franchimont, R. 
1, 24(5; Riibencamp, A. 225, 274). The com¬ 
pound was discovered by Wurtz (Z. 1871, 362; 
A. Ch. [3], 49,58; C. R. 73, 528). Decomposed 
by potash into KC1, acetic acid, and aldehyde. 
KOAo forms CH :1 .CH(OAc) 2 (Schiff, B. 9, 304). 
Chlorine at 120°, in presence of iodine, forms 
CHCl 2 .CIIC1.0Ac, tri-chloro-ethyl acetate (250°- 
280°). Bromine dropped into it at 100° forms 
bromethyl bromo-acetate CH 3 .CHBr.O.CO.CH 2 Br 

(V. BItOMO-ACETIC ACID). 

(b) With acetyl bromide forms a corre¬ 
sponding, but unstable, compound (c. 140°) 
(Tawildaroff, A. 176, 21). 

(c) With propionyl chloride'. CJI U C10 2 or 
CH 3 .CIIC1.0(C. I II 5 0), chloro - ethyl -propionate 
(135° uncor.). S.G. 1$ 1-071. 

(d) With bulyrylchloride: CH r CHC1.0(C 4 H 7 0) 
(149° uncor.). SG. 3 - 1-038. 

(e) Withvalerylchloride: CH 3 .CIIC1.0(C 5 II U 0) 
(c. 103°). S.G. -997. 

Derivatives of Ortho-Aldehyde. 

The following combinations between alde¬ 
hyde and compounds of the form M X) may bo 
viewed as derivatives of ortho-aldehyde, 
CH r CH(OII) 2 . Ortho-aldehyde itself is not 
known, but chloral hydrate is tri-chloro-ortho- 
aldchyde. 

Alkyl derivatives , Acetals or Aide- 
hydates. The term ‘ acetal,’ originally applied 
to CH 3 .CII(OEt).,, is now often extended to the 
whole series of di-alkylatcd ortho-aldehydes. 

These bodies are formed, together with other 
products, bjr the oxidation of alcohols. Each 
of them may be formed^from one of its higher 
homologues, by heating the latter at 120°, with 
an alcohol containing a lower radicle. Thus 
di-ethyl-acetal heated with methyl alcohol yields 
dimethylacetal, whereas the fatter heated with 
ethyl, propyl, isobutyl, or amyl alcohol yields 
only traces of an acetal containing different 
alcohol-radicles. Similarly diethyl-aectal heated 
with methyl-alcohol is converted, for the most 
part, into dimethylacetal, but is practically un¬ 
altered by propyl and amyl alcohols (Bachnmnn, 

A. 218, 38). Aldehydates may also be formed 
by heating aldehydes with alcohols and HC1 
(Wurtz a. Frapolli, A. 108,226; Claus a. Trainer, 

B. 19, 3004). 

Ethyl-ortho-aldehyde CH 3 .CH(OH)(OEt) 
(80°-90°) (Renard, B. 8,132) (c. 50°) (Jacobsen, 
B. 4, 215). Among the products of electrolysis 
of mixture of alcohol and dilute JLS0 4 (It.). 
By action of water on chloro-ethyl-ether, 
CH3.CHCl.OEt (J.). 

Di-m e t hy l-accta l C 4 H 10 O 2 i.c. CII 3 .ClI(OMe) 2 
(62-7°-G3-3°) at 751-6 mm. S.G. ^ .8655 (I3aeh- 
mann); *8590 at 14° (Dancer, A. 132, 240). V.D. 
3-10 (for 3-11). S.V. 110-81 (R. Schiff, A. 220, 
104). OccurB in crude wood spirit (D.). Formed 
by oxidising a mixture of MeOH and EtOIIwith 
Mn0 2 and H 2 S0 4 (Wurtz). Prepared by heating 
aldehyde (4 vols.), methyl alcohol (8 vols.), and 
glacial HO Ac (1 vol.) at 100° (Alsbcrg. J. 1864, 
485). A colourless liquid burning with a white, 
blue-edged flame (Wurtz, A. Ch. [3] 48, 373). 
EtOil at 120° has hardly any action, traces of 


methyl-ethyl-acetal being formed. Propyl, iso- 
butyl, and iso-amyl alcohols act similarly. 

Methyl-ethyl-acethl OH a .CH(OMe)(OEt). 
Reactions that migty be expected to produce 
this body yield only a mixture of di-methyB 
acetal and di-ethyl-acetal (A. Geuther, A. 225, 
265). 

Di-ethyl acetal v. Acetal. 
Mcthyl-propyl-acetal C h H m 0 2 i. e. 
CIT 3 CH(OMe)(OPr) (103°-105°). Very little is 
formed from di-methyl-acetal and PrOH at 120°. 

Ethyl-propyl-acetal C 7 H lc 0 2 i. e. 
CH 3 .CII(OEt)(OPr)(124°-126°). Very little is 
formed from di-ethyl-acetal and PrOH at 120°. 

Methyl-isobutyl-acetal C 7 H lti 0 2 
(126°). Dimethyl-acetal (15 g.) heated with iso¬ 
butyl alcohol at 120° forms a little (1 g.) of this 
body. . 

Methyl-iso-amyl-acetal C rt H, H 0 2 
(lli°-144°). A little got from di-methyl-acctal 
and iso-amyl alcohol at 120°. 

Di-propyl-acetal C H li lft 0 2 (146°-148°). S.G. 
*825. Got by passing pure PIT 3 into a mix¬ 
ture of aldehyde and PrOII at-21° (Girard, C. 

R. 91, 629). 

Di-iso-butyl-acetal C^II^Oa (168°-170°). 

S. G. 22 -816. Prepared like the preceding, 

Di-iso-amyl-acctal i. e. 

CH 3 .CH(OC,H n ) 2 (c.l95°) (Bachnmnn); (2108° 
cor.) (Alsbcrg, J. 1864, 485 ; Claus a. Trainer, B. 
19,3008). S.G.23;801 (B.); -835 (A.). Alde¬ 

hyde (1 vol.) and iso-amyl alcohol (5 vols.) are 
mixed, saturated with S0 2 and warmed with 
glacial HOAc (1 vol.). A small quantity is got 
by heating amyl alcohol with acetal at 120°. 
Ethylenc-acetal C 4 H„0 2 i.e. 

CH 1 CII<q>C ! H, (82-5°)at 7C0mm. S.G.91-002. 

S. 67. From aldehyde and glycol at 100 3 
(Wurtz, A. 120, 328). Separated by CaCL from 
its aqueous solution. Not attacked by KOH. 
Acetic acid gives glycol di-acetin. 
Propylene-acetal C s H, 0 O 2 i.e. 

Cn s .CH<Q>C 3 H, (93°). From aldehyde and 

propylene glycol at ICO 3 (Gramont, Bl. 41, 361). 
Decomposed by water into aldehyde and propy¬ 
lene glycol. 

Oxy-propylene-acetal C s H 10 O, 
i.c.CH,.CH<^>C,H 1 OH (c. ISO 3 ) S.G. 8 1-081. 

From aldehyde and glycerin at 180° (Har- 
nitzky a. Mensehutkin, A. 13G, 126). Decom¬ 
posed by water into its components. 

Di-(fi) -naphthyl-acetal C 22 H, R 0 2 i.e. 
CH s .CH(O.O lo H ; ) 2 . [201°]. Slowly formed when 
(/3)-naphtliol and aldehyde are dissolved in acetio 
acid and a few drops of HCJ^re added (Claisen, 
B. 19, 3318). Crystals; insol. aqueous alkalis. 
Changed by warmiifg with HOAc and HC1 into 
cthylidene-di-naphthyl oxide, 

ch,ch<£,i”:>°. 

Alkoyl derivatives or ethylidfnesaUt. 
When both alkoyls (acid radicles) are the same, 
these bodies may be viewed as compounds of 
acid anhydrides with aldehyde. They are slowly 
decomposed by water, more rapidly by potash, 
into aldehyde and acids. Mono-alkoyl deri¬ 
vatives, CH,.CH(OH)(OR) are not known ; they 
appear to split up into water and the an* 
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hydrides {CH,.CH(0B)},0. These anhydrides 
m«y he -formed from, ui-cl.loro-d 1 -ethyl oxide, 
(OH.CHC1).0 and sodium salts. They are vola- 
tile liquids, decomposed tw water into aldehyde 
•nd acid (Geutlier, A. 220, 223). 

Di-acetyl derivative CH,.CH(OAc )3 
(168-4° cot.). S.G. » 1-073. j*-l - 40 »* * 8 • 
1. From CTI 3 .CI1C1(<?Ac) find AgOAc (Huben- 
oamp, A. 225,274).—2. From aldehyde and Ac,0 
at 180° (Geutlier, A. 100, 249).- 3. Irom alde¬ 
hyde and AeCl at 100" (Franehimont, It. 1, 248). 

Di-propionyl derivative n 

CH..CH(OCjH s O).. (192-2° cor.). S.G. - 10-0 
p m 1-407. From CH 3 .CHC1(0C 3 H 3 0) and 

* Di-butyryl derivative CIIj.CH(0C 4 II,-0)» 

(226° cor.). S.G. — ’947. 1*414. 

Acetyl-propionyl derivative 
CH,.CH(OAc)(OC s H i O) (178-6° cor).fi.G >-1-044 
it-1-402. From Ag0C 3 H,0 and CH,.CllC!.OAc 
or from AgOAc and CU 3 .CHC1.0C 3 H 3 0 (Geutlier 
a. Rubencamp, A. 225, 281). 

Acetyl-butyryl derivative 
CH..CH(bAc)(OC 1 ILO) (192-0°cor.). S.G.^1'015 
1-047. From AgOC,H,0 and CHj.CllCl.OAo, 
or irom AgOAc and CH,.CHC1.0C,H,0. 

Acetyl-valeryl derivative „ 

CH..CH(0Ac)(0C,,H, J 0) (194°-199° cor.). S.G. “ 
•991 p = 1-408. Similarly prepared. 


aldehyde {ACETIC)' 


PoLYMEBIDES OF ALDEHYDE. 

Aldehyde readily polymerises, forming aldol 
CJLO. (q. v.), paraldehyde C„H,.,0„ or metal- 
dehyde C..„n„,0„. I’ure aldehyde may be kept 
without change, but when impure it spon¬ 
taneously changes to paraldehyde or mctalde- 
hyde (Wcidenbusch, A. 66 , 155; 1 elding, A. 
27,819; Geutlier a. Cartmell, A. 112, 16; Ine- 
ben, A. Suppl. 1, 114; Kekuld a. Zinchc, A. 
142, 141 ; B. 3, 468). Metaldeliyde is formed 
‘Irom aldehyde at a low temperature by the same 
reagents that cause the formation of paraldehyde 
at high temperatures (K. a. Z.). Neither of these 
bodies is affected by hot potash, but both of 
them are converted by PC1 5 into ethylidene 
chloride, CHj.CIICl., and by HC1 into ' ethylidene 
oxy-chloride ’ (v. supra). A little alcohohc Foil 
converts aldehyde into a mixture of metalde- 
hyde, paraldehyde, and a little crotomc aide- 
hyde (Perkin, C. J. 43, 88 ). 

Paraldehyde C t II n O,. Mol. w. 132. [10 -12 ]. 
124 ° i. V.) (K. a. Z.); 124-4') at 752mm.(B. feclriH, 
4. 220, 104). S.G. *? -9943 (Briihl); {' -9993; 
A -9900 (Perkin, C. J. 45, 479). S.V. 150-7 (S.). 
fS>. 4-35 (for 4-65. S.). p/i 1-4095. 52 48 (B.) 

1I.M..6-662 at 17C“. S. 12 at 13° ; 6 at 100 . 

Preparation.— Inpresenfe of a small quantity 
si HC1, COClj, or SO,, aldehyde gradually 
beoomes hot, often reaching 40°. It is then 
: hanged to paraldehyde. ILjSO, and ZnCl, 
effect this change even more vigorously. The 
product ib cooled to '0°, when paraldehyde 
MTBtalliBes. 

Properties.— Colourless liquid, smelling like 
acetal and aldehyde. It ie partially converted 
into aliehydo by distillation. Distillation with 
F-RQ„ HC1, ZnClj, HgBr„ or COC1, completely 
affects this change. The reactions of paralde¬ 
hyde, in presence oi any ol these bodies, are 


therefore the same as those of aldei 
forms OH,.CH(OAo) a vrith AojO. But it doea 
not react with ammonia. HNO a oxidises rt to 
glyoxal (Liubawin, J. B. 18, 490). 

Constitution. — The S.V. agrees With that 
required by Kekul 6 ’s formula 

Ci h .<o.c:h:>° ( BriiU - A - 203,44) - 

Metaidehydo C,H, ,0,. S.(cliloroform) 1-034 
at 26° ; 4-235 at 60° ; S. (benzene) -12 at 23 , 
■181 at 80°. Formed by passing a few bubbles 
of SO, or HC1 into aldehyde in a freezing mix¬ 
ture; metaidehydo crystallises out, and the 
mother liquors are distilled and treated as before 
(K. a. Z.). CaCl, effects the same transformation 
at tho ordinary temperature. 

Properties. —Long striated prisms, sublimes 
about 115° without melting. Insoluble in water, 
slightly soluble in cold alcohol or ether, it may 
be converted into aldehyde : (a) by heating for 
a day in vacuo at 180°, (b) by repeatedly dis¬ 
tilling under atmospheric pressure, (c) by heat¬ 
ing its solution in chloroform. The vapour 
density may be found in the usual way, due 
allowance being made for its partial dissociation, 
the amount of undecomposed metaidehydo being 
estimated after cooling. The V.D. is thus found 
to lie between 72-2 and 501, the mean value 
being 62-5. Metaldehyde is not attacked in the 
cold by KMnO,, chromic mixture, or NH,. Chlo- 
rine forms chloral; PCI,gives ethylidene chloride 
(Hanriot a. Oeconomides, C. B. 93, 463; A. C li. 
[5] 25, 226). 

Di-aldehyde v. Aldol. 

ALDEHYDE-ACETAMIDE C„II,,N,0, *.«. 

Cn : ,.CH(NHAc) J di-acetyl-ethylidene diammt 
[169°]. Got by heating aldehyde with acetamide 
(Tawildaroff, B. 5, 477 ) 4 * 

ALDEHYDE ACETATE v. p. 106, i. 6 . 

ALDEHYDE ACETYLCHLORIDEu. p.105,J.1. 

ALDEHYDE ALCOHOLATE v. p. 105, l. 63. 

ALDEHYDE (JBEEN t>. Bnaunum. 

ALDEHYDE GUM C,„H„0,. The barium 
salt is formed by allowing a solution of aldehyde 
in baryta-water to stand for some time. 1 -rom 
this salt II,SO, liberates the • gum ’ as a syrup, 
soluble in water and alcohol. It roddens 
rosanilino decolorised by SO,, and it gives iodo¬ 
form with I and Na,CO,. Seduces hot I ehhng • 
solution— Ca(C|^I„0,) 2 : amorphous (ToUens, 

B ' ALDEHYDE PHEHYL-HYDRAZIDE 

C h H„N 2 i.e. Cn,.CH:N a HPh. , 

From aldehyde and phenyl-hydrazine in ether 
v. Aldehydes, reaction 4. Crystallised from 
benzoline. Deliquescent. V. sol. alcohol or 
ether. Besolved by boiling-water or dilute acid* 
into its constituents. ... 

ALDEHYDE BESIN. Formed by the action 
of aqueous* or alcoholic potash, hot or cold, 
upon aldehyde, or by heating aldehyde with 
NaOAe in sealed tubes at 100°. It is accom¬ 
panied by a strongly smelling yellow oil which 
may be removed by distillation. Aldehyde resin 
resembles colophony. It produces, when fused 
with potash, oxy-iso-phtbalic acid [283J, o-oxy- 
m-toiuio acid [173°], and m-xylenol, 

When strongly heated with zino dust it give* 
ethyl-benzene, m- and p- methyl-ethyl-benxen* 
and methyl-naphthalene. Cone. HFO, give* 



lor 




, A. 86, 166; 

. is a bod; de¬ 
rived from a primary alcohol by removal of two 
atoms of hydrogen from each molecule, mid 
having the general formula B.CO.H. It may 
therefore be looked upon as a ketone in which 
one alkyl is represented by H. Aldehydes may 
also bo viewed as hydrides of acid radicles, 
henoe CH,.CO.H is called acetic aldehyde and 
not ethyl aldehyde, although the latter name is, 
etymologically, the more correct (p. 103). 

Enumeration. —In tho following list the 
numbers denote values of n. C,H, n O. 1. For- 
mio J 2. Acetio; 3. Propionio; 4. Butyric; 5. 
Valerio ; 6. Heroic; 7. Heptoio; 10. Decoio; 
12. Laurie; 14. Myristic; 16. Palmitic; 17. 
Steario. —C„H.,3. Acrylic (acrolein); 4. 
Crotonic; S. Tiglio; C. Hexenoic; 8. Octenoic; 
14. Tetradecenoio; 15. Cimicio; 21. Tri-oenan- 
thio. —0,Hj n .„0. C k H m O, Tetra-oenanthie.— 
CA-,0. Benzoic ; Phenyl-propionio. — 
o a H; 0 _ 10 o 2 . Cinnamic.—C„H., nll O. Naphthoic. 
—C.H^.^O. Di-phenyl-acetio.—C.H^O,. Gly- 
collie (7). Oxypropionic. Oxybutyric (aidol). — 
G.H^jOj. Glyoxal.— C„II 2n ,O r Maleic.— 
C„H. il .,0 J . Furfurol.—Oxy-benzoic; 
Furfur-aorylic, Furfurcrotonic. — C„IL, _.0,. 
Suberic. Azelai'o and Brassylio.—C„H,„ „0 3 . 
Di-oxy-benzoio; Piperonal.-C^H^uO, Di-aldo- 
hydo-resoroin; Di-aldehydo-oroin. 

Formation. —1. By oxidation of primary 
alcohols by air and platinum-black, by aqueous 
chromic acid or by lf 2 SO, and MnO,: 

2K.CH..OH + 0 3 = 2R.CO.H + 211,0. 

2. By distilling a mixture of barium or calcium 
formate with some barium or calcium salt; 
'Ca(O.CO.lt), «■ Ce(O.CO.H)..=2CaC0 3 + 2H.CO.K 
(Limpricht, A. 97, 368 ;* Piria, A. Ch. [3] 48, 
118; Krailt, B. 16, 1717). This process is a 
particular case of Williamson’s method of pro¬ 
ducing mixed ketones. Instead of calcic formate, 
a mixture of calcic oxalate apd lime may bo 
need (Bogusoh, J. It. 7, 47).—3. From chlorides 
of the type li.CH.Cl, by heating with dry oxalio 
aoid (Anschutz, A. 220, 19).—4. Chromyl di- 
ohloride, Cr0 3 Cl„ unites with toluene and its 
homologuos when added to llicir solution in 
CS„ forming brown powders, possibly of the 
form BCH(O.CrCl 2 .OH)„ which arc decomposed 
by water with production of aldehydes (A. Etard, 
0. It. 90, 534 ; 97, 909; Borncmann, B. 17, 
1462).—6. Aromatic aldehydes may be prepared 
by heating dichlorides K.CIIC1., with NaOIIAq, 
or the monochloridos, 11.011,01 with aqueous 
lead or copper nitrate.—6. Alcohols of tho form 
B.CHiOH.OH appear to change, at the moment 
of their formation intb aldehydes, lt.CH,.CHO. 
The formation of aorole'in from glycerin, and of 
aldehyde from bromo-ethylene are instances.— 

7. Some aldehydes, as benzoic, acetic* propionic, 
and butyrio, are produced by distilling albumen, 
fibrin, oasefn, or gelatin, with MnO, and II 3 SO,. 

8. Many aldehydes can be obtained from essen¬ 
tial oils derived from plants; e.g., benzoio, cin¬ 
namic, ouminio, and salioylio aldehydes. 

Properties. —Almost all are volatile liquids. 

Beacnone. —1. Are readily oxidised acids, 
and consequently are powerful reducing agents. 
Ketonic alcohols, B.OO.CHjOH, resemble alde¬ 
hydes in reducing power (Zinoke, A.i 16,617).— 


bopbthaHo acid 
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2. Many arc converted by alcoholio potash 
or by potash-fusion into an alcohol and an acid: 

20.Hj.CH0 + KOH - 0,H*.C0 ] K + 0,H,.CH,OH. 
Glycols with double th^numberof carbon atoms 
in the molecule are often formed.—3. Sodium- 
amalgam, or zinc and glacial HOAc, reduce them 
to alcohols (Krafft, B. 16, 1714; Tiemann, B. 
19, 355).—4. They ecomlline with NaHSO.. 
These compounds are usually soluble in water. 
and in alcohol, but insoluble in saturated solu¬ 
tions of tho bisulphites. Hence by shaking a 
liquid containing an aldehyde with excess of 
such a saturated solution, the aldehyde may be 
completely separated in the form of a crystalline 
compound. From these compounds the alde¬ 
hyde may be set free by dilute lf,SO, orNa,CO„ 
and may then bo distilled with steam (Bevtagnini, 

A. 85,179,268).—5. They combine with phenyl • 
hydrazine (q. v.). A solution of phenyl-hydra¬ 
zine hydrochloride (1 pt.) and sodio acetate 
(1)- pts.) in water (8 pts.) when added to an 
aqueous solution of an aldehyde or ketone, pro¬ 
duces an insoluble compound, usually an oil 
appearing in drops producing a milkiness, but 
sometimes a crystalline pp. These compounds 
are not volatile with Bteam, but ou boiling with 
dilute HC1 they are resolved into phenyl-hydra¬ 
zine hydrochloride and the aldehyde or ketone 
(E. Fischer, A. 190,131; B. 15, 2252).—6. They 
form a silver mirror when heated with cone, 
ammonlacal silver nitrate. The reduction is 
promoted by adding NaOH (Tollens, B. 15,1635). 
7. A solution of a ro saniline salt, bleached by 
SO,, is reddened by aldehydes, in the cold 
(Schifl, Z. 1867, 175; Caro ; V. Meyer, B. 13, 
2342). This test is not infallible (Tiemann, B. 
14, 791); it is given by aldehyde, paraldehyde, 
propionic, iso-valeric, and osnanthio aldehydes, 
chloral, butyro-ehloral, acrolein, furfurol, ben¬ 
zoic, cinnamio, and furfurcrotonic aldehydes, 
furfuracrolei'n, salicylic aldehyde, cimicio alde¬ 
hyde ; it is not given by chloral hydrate, formio 
acid, carbo-hydrates, propyl alcohol and higher 
alcohols, pinacone, glycol, the phenols, or qui- 
none; a faint colour is produced after some tints 
by acetone, and methyl and ethyl alcohols (G, 
Schmidt, B. 14, 1848).—8. Alkaline aqueous 
solutions produce a coloration like magenta 
when treated with diazo-benzene snlphonie acid 
and a little sodium-amalgam. Acetone and aeeto- 
acetio ether give a dark rod coloration without 
the violet shado (Penzoldt a. E. Fischer, B. 16, 
657).—9. Aldehydes are converted by hydroxyl- 
amine into aldoxims: 

E.CHO + IijNOH = B.CH:NOH + H..0 
(V. Meyer, B. 15, 1164, 1321, 1525, 2784; 16, 
822,2992).—10. u-di-methyl-p-phenytenediamint 
acts vigorously on aldehydes«sn alcoholio solu¬ 
tion forming orystallino compounds (A. Calm, 

B. 17, 2938): Ph.CHO + NII 2 .C B II,.NMe a =i 

Ph.CH:N.C,H,.NMe 1 + H a O. 

11. Homologues of acetio aldehyde forA crys¬ 
talline compounds with ammonia, B.CHiNH.JOH. 
These are converted by H,S into sulplTur base* 
(o. p. 104, l. 9). The aromatic aldehydes are eon- 
verted by ammonia into hydramides: 

3Ph.CHO + 2NH, = (Ph.CHj.N, *■ 3H,0. 
Some fatty aldehydes, e.g. iso-butyric aldehyde 
(Lipp, A. 211, 344) behave similarly. Acrolein 
loses only half its oxygen; 

2C.H.0 + NH, - CANO + HtO- 
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Primary and secondary bases act upon aldehydes 
with elimination of water. The neutral pro¬ 
ducts are split up by HOI into their components. 
12. Chlorine forms derivatives by substitution.— 
18. PC1 S displaces 0 by*Cl,. —14. H,S displaces 
•0 by S, forming thio-aldehydes, or their poly- 
merides. —15. PCI, combines with aldehydes; the 
Compounds are converted by water into phos- 
phinic acids (q. v.).— 16. PH,I forms crystalline 
■compounds (e. Phosphines).— 17. Aldehydes re¬ 
act with alcohols forming acetals (p. ): 

B.CIIO + 2I10B'=B.CH(OK') 3 + H a 0. 
Similarly, mercaptans form mercaptals (Bau¬ 
mann, jB. 18, 88-1).—18. Alkyl chlorides form 
chlorinated others (c.g. CH 3 CHC1.0Et). Alkoyl 
chlorides act similarly (p. 105, 1. 1). -19. Ilydric 
cyanide combines with aldehydes, forming n-oxy- 
nitrilcs. These nitriles give (a) on saponification, 
oxy acids, (6) on treatment with ammonia, 
amido-nitriles, whence amido acids may be got 
(Tiemann, B. 14, 1905).—20. Aldehydes may 
be converted into amido-aeids by allowing them 
to stand for 30 minutes with a 3 p.c. solution of 
NH,CN, and then boiling with HC1 (Liubawin, 
J. A. 13,50(1).—21. Benzoic aldehyde reacts with 
nitro-ixirajjhis thus: l’li.CHO -f H.,C(NO..).CH, = 
Ph.CH:CjNO,).CH 3 1 H.,0 (Priebs," A. 225, 319). 
22. Aldehydes condense with aromatic com- 
pounds with elimination of H.O and formation 
of tri-substituted methanes. Thus aldehydo 
and benzene give di-phcnyi-mcthyl-mcthano; 
benzoic aldehyde and phenol give di-oxy-tri- 
phenyl-methane; benzoic aldehydo and aniline 
give di-amido-tri-phenyl-methane. -23. In pre¬ 
sence of small quantities of acids, aldehydes 
form red resins when warmed with phenols. 
Many of these are converted by excess o! acids 
■into crystalline isomeridcs. Thus benzoic alde¬ 
hyde forms with pyrogallic acid prisms (from 
ether) of C,„H.,,O s ; this forms an acetyl deri¬ 
vative C 2s II :4 Ac s O r Benzoic aldehyde and resor¬ 
cin form C.jH.^0,. If a few drops of a liquid 
containing an aldehyde be boiled with an alco¬ 
holic solution of resorcin and a little IIC1, and 
be then poured into water, a pp. is formed. 
This may be used as a test for presence of alde¬ 
hydes (Baeyer, B. 5, 25 j Michael a. Byder, II. 
19,1388).—21. In dilute alkaline solution alde¬ 
hydes condense with ketones or other aldehydes 
with elimination of ILO, and production of com¬ 
plicated aldehydes or ketones.—25. For tho re¬ 
action between aldehydes and o-di amines v. 
Aldehydines. 

Pekktn’s Synthesis or Unsatciiated 
Acids.— Benzoic aldehyde, acetic anhydride and 
sodic acetate, heated togother form sodio cin- 
namate. 

In this reason the sodio acetate may be 
exchanged for sodio butyrate or valerate, but the 
product will still be sodio cinnamate: hence 
Perkin concludes that the reaction takes place 
betwaen the aldehyde and the anhydride. Fittig 
•came to the opposite conclusion, viz., that tho 
aldehyde acted on thp sodium salt and that the 
nature of the anhydride was immaterial, thus if 
sodic succinate and acetic anhydride were usod, 
the condensation took place with tho sodic suc¬ 
cinate. To this Tiemann III. 15, 2001) objected 
that^>ossibly the acetic anhydride acting on tho 
sodic succinate formed sodic acetate and suo- 
-ciuic anhydride and that the Utter reacted upon 


the aldehyde. Stuart (B. 16,1486) than showed 
that when sodio malonate was used condensa¬ 
tion took place between it and the benzoic 
aldehyde, although no malonio anhydride is 
known. He also showed that in this case glacial 
acttic acid might be substituted for acetio an¬ 
hydride. According to Fittig, aldol-like condensa¬ 
tion-products are first formed, and these, when 
they split off water, give the unsaturated aeids 
(A. 227, 49). This is shown by the action of 
sodio iso-butyrate on benzoic aldehyde in pre¬ 
sence of isobutyric anhydride, when the anhydride 
of the isobutyric derivative of 0-ox?-/8-phenyl- 
valcric aeid Ph.OH(OH).CMe.,.CO a H (q.v.) is 
formed; in which there is no H for tho OH to 
split off with. If NaOAo bo used instoad of 
sodium isobutyrate oxy-phenyi-valerio aeid is 
still formed, a result that supports Perkin’s 
view (Perkin, C. J. 49, 317). 

CEnanthoI and valeric aldehyde may be 
substituted for benzoic aldehydo in these syn¬ 
theses, while the sodium salt and anhydride of 
propionic or »-bntyric acid may be usod instead 
of tho corresponding derivatives of acctio acid. 
Condensation then takes place in the a position i 
Ph.C1IO r CH,.CH,..C0 3 Na = 
Ph.CH-.CMc.COjNa + H. a O. 

A dibasic acid can unito with one equivalent 
of an aldehyde for each CH s .CO-II contained in 
its formula; the product may then lose H a O, 
becoming a laclonic aeid or an unsaturated acid. 

A1DEHYDINES.—This name was formerly 
applied to tho base C,II M N obtained by heating 
aldehyde-ammonia, since shown to be tri-methyl- 
pyridine (q. i\). The same name has since been 
used by Ladenburg ( II. 10,112(1; 11, 590, 1050) 
to denote bases obtained by mixing dilute 
aqueous solutions of aromatic o (but not m or p) 
di-amine liydrochlorkles with aldehydes. Con- 
donsation occurs with evolution of heat; the 
yield ot aldehydinc after crystallisation is 00 to 
70 p.c. of the theoretical. C, li v (N 11 .). + 2H.CO.B— 
CjUjNjCJl.B.. + 211.0. Thuso-tolylene-di-amine 
hydrochloride aftd benzoic aldehyde give rise to 
C,H s N.C.H.Ph, tolylene bonzaldehydine. 

The same body is formed by tho action of 
benzyl chloride on anhydro-bcnzoyl-tolylene di- 
N = C.l’h 

amine at 100’, C : H„^ / . Hinsberg con- 

eludes from this that its formula is 
-N = C.l’h 

C,H„< / IB. 19, 2025). Under the con- 

\N—CIl.,Ph 

ditions of this experiment molecular ohange is 
more likely to occur than in the usual prepara¬ 
tion of aldchydines in aqueous solution. All 
other considerations p^jnt to a symmetrical 
formula; and since in stability and other pro¬ 
perties these bodies resemble the qumoxalines 
it is probj.ble that, together with the latter, they 
belong to the class of azines: tolylene benzalde- 
-N - CIIPli 

hydine would then be C,H,^ | | . Th« 

'N-OHPh 

formula given by Ladenburg is 
.N._,CHPh 
C,H.< V 

• W-^CHPh 

Phenylene-ani»-aldehydine 0„H„N,0, 
[129°]. Keedles. Soluble in alcohol. Prepared 
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kj shaking anisio aldehyde with an aqneous 
Solution of o-phenylene-diamine hydrochloride. 
B'HCl: needles; difficultly soluble in water. 
Phenylene-henialdehydine C~H,.N, » A 
,N,—.CH.CJh 

[133°-134°]. , 

water, easily 


o,h.< s 


y? 

‘AaC,E, 


[95°-9G°]. 


Six-Bided prisma. Insoluble in 
soluble in alcohol and benzene. 

Preparation.—( 1) By heating o-phenylenc- 
diamine with benzaldehyde. (2) By shaking 
benzaldehyde with an aqueous solution of o- 
phenylenediamine hydrochloride. 

Salts. —B'HCl: colourless prisms. 
(B'HCl) 2 PtCl,: yellow precipitate. B'HNO,. 
Slightly soluble prisms. B' 2 H 2 SO,: colourless 
leaflets. 

Ethylo-iodide a io n i6 N 2 (C a H.,)I [211°-213°]. 
Colourless prisms. 

Methylo-iodide C. 20 H„,N 2 (CH,)I. Prisms. 
Phenylene-furfur-aldehydine C la H 1 »N.,0. i.e. 
.(1)N_-€11.0,11,0 

n '( 2)N^CH.C,H,0 
Colourless crystals. Soluble in alcohol and C a II 81 
with difliculty in ligroin, insolublo in water. 
Prepared by shaking furfurol with an aqueous 
solution of o-phcnylenediamine hydrochloride. 

Salts. — (B'HCl)., PtCl,: yellow leaflets. 
B'HNO,: slightly soluble needles. 

Methylo-iodide C u H ls N s O.,(Cn,)I. [192°- 
195°]. Prisms. 

Tolylene-aaisaldehydine C,,H,,N 2 0, i.e. 

.(l)N CH.C a H,(ti.Mc) 
C,H,{CH,)<; V [152°-15G°] 

N{2)N^- n CH.C,H,(0Mb) 

Needles. Prepared by the action of anisic alde¬ 
hyde on an pqueous solution of o-tolylene- 
diamine hydrochloride. • 

lolylene-bonzaldehydine C..,H„N., i.e. 

.(1)K ch.c,h; 

C,11,(011,)/ )/ [195*5°]. 

N (2)N^ XJII.CJJ-, 

Colourless prisms. Forms unstable salts with 
acids. Prepared by heating benzaldehyde with 
o-tolylene diamino to 110’. Yield 45 p.o. of the 
diamine. 

B'HCl +11,0: long needles: difficultly soluble 
in strong HC1. 

Ethylo-iodide [180°-181°]. Needles or prisms 
( + 1H,0). Soluble in water. With iodine it 
forms a periodide C., I H„N ; (C 2 H S )I, [123’]. 

Gives a strongly alkaline solution with Ag.,0 
whioh on neutralising with IIC1 and adding 
PtCl, gives a crystalline platino-chlorido 
(C 2J H 2 ,N.,CI) ; PtCl 1 . 

Methylo-iodide (209°]. Thin white needles. 

Phenylene-benzaldelfydiue carboxylic acid 
.(1)N _.CH.0 S II S 

C,,H„N 2 0... ix. COdl.C.H / V 

\(2)N—CIT.Ojr, 

Prepared by the oxidation of tolylenc-benz- 
aldehydine witli KMnO,. Is not altered by 
heating with 1IC1 to 200°. 

Salts : A'Ag: white precipitate. A',Ca: diffi¬ 
cultly soluble needles. 

Tolylen^furfuraldehydine 

A1)N CH.C ( 4T,0 

V 


[128J 0 ]. Thin white prisma. Easily soluble i» 
alcohol, ether, <fec., with difficulty in cold ligroin. 

Preparation.—{ 1) By heating furfurol with 
o-tolylenediamine. (2) By adding furfurol 
(20 pts.) to a solutioif of o-tolylenediamine 
hydrochloride (20 pts.) in 80 pts. of water; on 
standing the hydrochloride separates out and i* 
purified by crystallising the base repeatedly 
from ligroin ; yield 55 p.c. of the theoretical. 

Salts : B'HNO.,: needles. B'.,H.,SO.: prisma 
(B'HCl).,PtCl,: yellow crystals. 

Methylo-iodide [195*5°]. Leaflets* Difficultly 
soluble in water; bitter taste; powerful poison. 

Methylo-chloride : leaflets ; easily soluble in 
water. Powerful poison. 

Me thylo-triiodide C,.H M N,0,(CIL)I. [12G C - 
128°]. Light brown needles. 

Mcthylo-pcntiodide C,.H 1 .N.,0..(CIL)I. [109°]. 
Steel-blue pillars. 

p-ALDEHYDO-BENZOIC ACID C*H a O- U. 

C„H,(CIIO)(C0 2 H) [c. 210°]. Formed by careful 
oxidation of terephthalie aldehyde with chromio 
mixture (Low, A. 231, 3G5; B. 18, 917). Needle® 
(from water). Small needles when sublimed. 
M. sol. ether or chloroform, si. sol. hot water. 

Salt.— AgA'. Ether .—EtA'. Shows charac¬ 
ters of benzoic aldehyde. 

Reactions. —1. Does not reduce ammoniacal 
AgN0 3 . Its ethyl ether, however, reduces am- 
moniacal AgN0 3 .—2. Does not give Perkin’* 
reaction with NaOAc and Ac 2 0.~3. With ZnCl, 
and alcoholic NPhMe 2 it forms the zinc carboxy- 
late of leuco-malachite green, [147°]. 

Phenyl hy dr azide [226°]. 

p -Aldchydo-nitro-henzoic acid 

( 2 ) ( 1 ) ( 4 ) 

CJI a (N0 2 )(CH0)C0 2 H. Nilro-ierephthalic-alde- 
hydc-acid[ ICO 0 ]. Large four-sided prisms. Easily 
soluble in alcohol and ether, sparingly in chloro¬ 
form. Formed by nitration of p-aldehydo-ben- 
zoic acid. 

With acetone it gives the indigo-reaction 
(Low, B. 18. 918). 

ALDEHYDO-CINNAMIC ACID v. Cinnamic 

acid. 

ALDEHYDO-NAPHTHOL v. Oxy-naputhoic 

ALUKIIYDR. 

ALDEHYDO-OXY ACIDS. Got by heating 

aromatic oxy acids with chloroform and agueou* 
NaOil (Tiemann a. llcimer, B. 9, 1203). 
C,H,(OXa)CO..Na + 3NaOIl + CilCl 3 = 

C ti H,(COll)(ONa)CO,Na + 3Na.Cl + 2H 2 0. 

The COH takes cither o or p position toward* 
the hvdroxvl. 

ALDEHYD0-0XY-BENZ0IC ACIDS C 8 H 6 0 4 . 

w-Aldohydo-salicylio acid 
C„H l (()ll)(CIIO)(CO.,H)[l: 4: 2j. [219°]. S.*7 at 
100 1 ; *038 ait 25°. 

Pnparulion.— Salicylic actd^l pts.), NaOH 
(25 pts.), water (50 pts.^ and chloroform (15 pts.), 
are boiled for some hours, the product dissolved 
in water, and acidified with IICl. A yellow 
pp. is formed and is extracted with ether. The 
ethereal solution is shaken with agueoua 
NaliSO.,; this solution, wlifcn boiled with dilute 
1I 2 S0„ deposits a crystalline pp. consisting of the 
(1, 2, G) acid; the (1, 4, 2) acid remaining in the 
solution, from which it may be extracted by other 
(Tiemann a. lleiiner, B. 9, 1268; 10, 15G3).« 

Properties.— Long delicate yellowish needle*. 
Y. sol. ether or hot alcohol, v. si. boI. chloroform. 



action on the skin, affected the colour of many 
plants, and reacted with acids with effervescence 
and the production of new substances wherein 
neither the properties**)! the acids nor those of 
the alkalis were prominqpt. Van Helmont and 
his successors recognised two kinds of alkali, 
fixed and volatile; Duhamel, in 1736, divided 
fixed alkali into two classes, vegetable (potash), 
and mineral alkali (s«da). ^Little or nothing was 
known regarding the composition of alkali until 
, the year 1755, when Black (on the occasion of 
graduating as M.D. at Edinburgh) published his 
dissertation on ‘Magnesia Alba, Quicklime, and 
other Alkaline Substances.’ Magnesia alba 
dissolved in acids with effervescence; but after 
being strongly heated no effervescence attended 
the solution of this alkali. The notion of Basil 
Yalentine (end of 15th and beginning of 16th 
century), that lime when burnt combined with 
* matter of fire,’ had been accepted by many as 
an explanation of the difference in the behaviour 
towards acids of burnt and unburnt lime. If 
this explanation applied to magnesia it should be 
possible perhaps to get hold of this * matter of 
fire,’ which combined with the magnesia alba 
when that body was heated. But Black found 
that a given mass of magnesia alba weighed more 
than the calcined magnesia obtained from it. 
Hence something was lost instead of gained 
during the process of heating. This something 
proved on further quantitative examination to be 
a gas different from common air; to it Black 
gave the name of fixed air. The effervescence 
or non-effervescence of alkalis with acids was 
proved by Black to accompany the presence or 
absence of fixed air (carbonic acid). From this 
time a distinction was clearly drawn between 
alkalis, which dissolved in acids without effer. 
vescence, and carbonated alkalis, the solution 
of which in acids was accompanied by the escape 
of carbonic acid gas. It was recognised that 
whether a caustic or a carbonated alkali were 
dissolved in an acid, the body which remained 
in solution, and which had no close resemblance 
either to the acid or the alkali, was one and the 
same. 

The properties of the alkalis were supposed 
by the older chemists to be due to a ‘principle of 
alkalinity,’ or sometimes to a ‘ principle of salt¬ 
ness,’ which latter principle was common to 
acids, alkalis, and the products of their mutual 
action, i.e. salts. Closely allied to, and some¬ 
times regarded as identical with, the alkalis, was 
the group of earths. These bodies were known 
to neutralise acids and affect colouring matters 
like alkalis, but they were much less soluble in 
water than the alkalis. It was taught by some 
chemists that an alkali is hidden in every earth, I 
and by others tiftrt an alkali is an earth refined 
by the presence of acid amVcombustible matter. 
Black’s exact quantitativeinvestigations tended to 
disparage all such explanations as these ; but it 
yet remained to find the precise composition of 
the alkalis and the earths. Lavoisier thought 
that these bodies must be compounds ; but, as he 
had no means of proving this, he classed them 
with the elements, while suggesting that the 
Barths were probably compounds of oxygen with 
mknom metals. In 1807 Davy decomposed 
iwo alkalis, potash and soda, by passing an 
dectric current through these substances when 


molten; and a year later he succeeded, by the 
same agency, in separating the earthy bodice 
lime, baryta, and strontia, into # oxygen and, in 
teach case, a metal. w 

The name alkali is now generally applied to 
th^oomp6unds of hydrogen and oxygen with one 
or other of the five metals, lithium, Bodimn* 
potassium, rubidium, caesium (v. Alkalis, Metals 
of the) ; an aqueous solution of ammonia i» 
also regarded as containing an alkali, viz. a com¬ 
pound of hydrogen and oxygen with the radicle 
ammonium ( v . Ammonium compounds). The 
alkalis are classed with the hydroxides, i.e. com¬ 
pounds of hydrogen and oxygen with a third 
element, rather than with the hydrates, i.e - 
compounds of water with an oxide or a salt ( v . 
Hydrates). The general formula of the alkalis 
is written MOH rather than M 2 0H. 2 0; M = Li* 
Na, K, Cs, Bb, or NH 4 . The alkalis are very 
soluble in water; these solutions neutralise acids 
forming salts, and also precipitate most of the 
heavy metals from their solutions in the form 
of oxides or hydrated oxides; aqueous solutions 
of the alkalis act corrosively on animal and 
vegetable substances, and also alter tho tint of 
many colouring matters. When moist, the 
alkalis, with the exception of ammonia, readily 
combine with carbonic acid to form carbonates. 
Lithia is much less soluble in water than the 
other alkalis. The solid alkalis are not de¬ 
composed by the aotion of heat alone. 

M. M. P. M. 

ALKALI-BLUE v. Piienyl-robanilinb sul- 

PHONATK OF SODA. 

ALKALIMETRY. —The estimation of alkali® 
by volumetric methods, v. Analysis. 

ALKALINE EARTHS, METALS OF THE. 

— Calcium, Strontium, Barium.— Certain sub¬ 
stances, more or less alkaline in their properties,* 
but differing from aifcali chiefly in being in¬ 
soluble in water, were known from early times; 
these substances were called earths. After a 
time some of tho earths were found to dissolve 
in water, although to a less extent than alkalis; 
these comparatively soluble earths were se¬ 
parated from the others and classed together as 
, the alkalino earths. The best known alkaline 
j earth is lime; this substanco was long con- 
| siderod identical with baryta and strontia, but 
I in 1771 Scheelo proved that baryta was different 
from lime, and in 1792 Hope distinguished 
strontia from the two other alkalino earths. 
After decomposing the alkalis potash and soda,- 
Davy applied the agency of electricity to the 
, three substances just named, and in 1808 he 
succeeded in separating each into oxygen and a 
metal. Davy made his experiments quantita¬ 
tive; he also synthesised tho three alkaline 
earths from oxygen and 1 the metals he had 
himself discovered; thus lie proved the alkaline 
earths to be metallic oxides. The metals cal¬ 
cium, bariifln, and strontium were not obtained 
in a state of approximate purity until 1855. 
The metal magnesium is sometimes classed 
with calcium, barium, and strontium; but, on 
the whole, it seems better to place magnesium 
with zinc and cadmium ( v . p. 114, also Magne¬ 
sium Group of Metals). # 

Som% of the principal data regarding the' 
metals of the alkaline earths are presented in 
the following tables. 
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Atomic.weights . .1 89-9 I 87-8 | 136-86 

_ No compounds gasified. Combining freights determined; and most probable formal* of 
oxides and chlorides deduced from considering analogies with other oxides, Ac. Molecular 
weights unknown. 


Melting points 
(data uncertain) 
Specific gravities 
(approximate) 
Specific heats 
Atomic weight 
Spec. grav. 


high red-heat 

moderate red-heat 1 

above strontium 

above barium 

1-58 

2-5 

017 

not determined 

25-3 

34-9 


* below red-heat 
8-75 

not determined 
66-6 


Heats of formation in aqueous solutions (Thomson). 
(1) Of haloid salts: 


[M,Cl ! ,Aq] . . . 

187,600 

195,700 

196,800 

[M,Br ! ,Aqj . . 

165,800 ' 

173,800 

174,900 

£M,I*,Aq] . . , 

135,000 

143,400 

144,500 

■v 

(2) Of oxides: 


[M,0,Ag] ... | 

149,260 

| 157,780 | 

158,760 


(3) Of hydroxides: 


[M.O’.H’.Aq] . . | 

217,620 

1 226,140 | 

227,120 


Heats of hydration (Thomsen). 
(1) Of haloid salts: 


21,750 

18,640 

[Ba01',2H’O] 



7,000 

25,600 

23,330 

[BaBr ! ,2H ! 01 



9,110 


fk01*,6H*0] . 

[MBr*,6H*0]e 


(2) Of oxides: 

MO,H,OJ . .| 16,540 | 17,700 | 

Heats of neutralisation of oxides in solution (Thomsen): 
MOAq,H’SO<Aq] . . 31,160 31,160 

MOAq.H’OPAq] . 6 , 0 „ „ 

MOAq.KPN’O'Aq] f * 27 ’ MU 77 ’ M0 


Malleability, co- Very ductile, but when ’Ductilo and malle- Somewhat ductile ; 
lour, the. hammered becomes brit- able; colour re- gold-yellow oolour. 

tie; whitish - yellow; sembles calcium 

' hardness about same as but dearer; harder 

lead. than lead. 


Wave-lengths of Ca« (yellow) 6588. 
.mostcharacteris- H (violet) 3969. 

ticlinesinspectra. K ( do. ) 3933-8. 

Chemical proper- Quickly oxidiseB in moist 
ties. air; decomposes cold 

water rapidly; heated 
to redness in air, burns 
* without smoke ; readily 
combines with Cl, Br, I, 
P, and S, at high tern- 
peratures. * 


Occurrence and 
preparation. 


Very widely diffused in 
rocks, waters, plants,and 
animals, as carbonate, 
sulphate; phosphate,and 
silicate: prepared by 
electrolysis oft mixture 
GaCl : , SrOlj, and NH,C1. 


Sr, (blue) 4604 


Closely resembles 
calcium; decom¬ 
poses water more 
rapidly. 


Not very widely dif¬ 
fused ; occurs as 
carbonate and sul¬ 
phate inrocks, and 
waters; prepared 
by electrolysis of 
fused SrCl* 


Ba, (yellow) 6588. 


Besembles calcium, 
bums when heated In. 
O-H flame. 


• occurs as carbonate, 
sulphate, and siU- 
eate, in rocks, waters, 
and certain plants: 
prepared by electro¬ 
ns of BaCL mixed 
w. T H„C1. 


Von* L 


■ i T 






colour ot mao? i molten; and a 


uecreaww, *W4MB/t&crartt 


General Formula and Character of Salts. 

MO, MO„ MO <2 H 2 ,WS, MSA, MX 3 (X»C1, 

•fir, I, F, ON), MS0 4 , M2NO„ MC0 3 , Ac., where 
M« Oa, Sr, or Ba. MO./decomposed by heat. 

Salts for the most part white; no great tendenoy 
to form double salts; polysulphidcs known, 

SrS.6H 3 0 and BaS^O, in definite crystals. 

Oxides and hydroxides markedly basic; latter, 
except that of Ba, decomposed by heat alone 
into oxides and water; almost all similar salts 
isomorphous; many salts isomorplious with cor¬ 
responding compounds of Mg, c.g. carbonates; 
most, with corresponding compounds of lead; 

MO and MO.JL not very soluble in water, solu¬ 
bility increases as atomic weight of metal in¬ 
creases ; MCI, and MBr, easily soluble, solubi¬ 
lity decreases as atomic weight of metal increases; 

CaS0 4 very slightly soluble (S. *272 at 38°), 

SrS0 4 nearly insoluble (S. -01 at 100°), BaSO, in¬ 
soluble. CaCO., slightly soluble (S. 1*13 at 100°), 

SrCO s and BaCO s nearly insoluble. Nitrates all 
soluble, solubility decreases as atomic weight of 
metal increases ; Ca2N0 3 S. 5)3*1 at 0°. Sr2NO, 

S. 54*9 at 10°. Ba2NO a S. 7 at 10°. 

These data show that the metals of the alka- , - 

line earths differ from the alkali metals (com- I e ^ e,ncn ^ 9 the alkaline earth metals and the 


te metals 

increase. The data are''from Thgjnsen; 

Magnesium is scarcely oxidised in ordinary 
air; it does not decompose cold water; nor does 
it cqjnbine so readily with the halogens as the 
metals of the alkaline earths do. The spectrum 
of magnesium, as produced in the electrio aro, is 
marked by a series of triplets alternately sharply 
marked and diffuse, and diminishing in bright- 
■ ness towards the more refrangible side; the 
1 spectra of barium and strontium show no trip- 
lets, but a series of lines only ; the spectrum of 
calcium is marked both by lines, perhaps homo¬ 
logous with those of barium and Btrontium, and 
also by well-marked triplets (Livcing and Dewar). 
Magnesium sulphate is very soluble in water; 
this salt, and also the carbonate and chloride, 
readily combines with salts of the alkali metals 
to form double compounds. Magnesium oxide 
is scarcely if at all soluble in water; the forma¬ 
tion of the hydroxide by the action of water 
on the oxido is attended with the production of 
very little heat; [MgO, H'O] = (approx.) 3,000 
(Thomsen). 

The mutual relations of the two groups of 


pare data for latter on p. 115); the former are 
not so readily oxidised as the latter; the heats 
of formation of the oxides of the alkaline eartli 
metals are smaller than those of the alkali metals; 
the hydroxides of the alkali metals cannot, but 
the hydroxides of the alkalino earth metals ex¬ 
cept that of Ba can, be separated into oxides and 
water by the action of heat alone. The alkali 
metals are specifically lighter than those of the 


magnesium metals—are suggested by the posi- 
tion they occupy in the classification based on 
the periodic law (q. v .; v. also Classification), 
Both belong to Group II. ; but Ca, Sr, and Ba 
occur, along with Be, in even series, and Mg, Zn, 
and Cd, along with Hg, in odd series, of that group. 
The metal beryllium exhibits analogies both with 
the alkalino earth, and with tho magnesium, 
metals; it is one of those elements called ‘ typi - 


alkaline earths; the composition of the oxides ; CCL } ^ Mendel6cff (v. Beryllium). For accounts 
and chlorides of the former is represented by I °* the me tals the alkaline earths and their. 
formula} containing two atoms of metal to one 1 binary compounds v. the articles Barium, Calcium, 
of oxygen or two of chlorine, while that of the ! Strontium ; and for the other salts of the 
corresponding salts of the latter is represented j me ^ a l s Carbonates, Nitrates, Sulphates, (to. 
by formula} containing one atom of metal to one _ __ mTT ^* M * 

of oxygen or two of chlorine. The salts of the ! _ ALKALIS, METALS OF THE. (Lithium, 
alkali metals, as a class, are much more soluble ! Solium, 1 otassi^m, Rubidium, C.t.sium.)— The 
in water than those of the alkaline earth metals; hlstor y of fc be name alkali has been briefly 
the hydroxide, carbonate, and phosphate of i traced in the article under that heading. The 
lithium are, however, considerably le<?3 soluble j alkalis potash and soda were decomposed by 
than the corresponding salts of the other alkali j pavy m 1807; lithia (discovered by Arfvedson 
metals (v. Alkalis, Metals ok the, p. 115). AL in 1817 ) waa decomposed by the same chemist 
though magnesium forms the oxide MgO, tho ' a,Kmt 1818 *• ca!sia and rubidia were discovered 


by Bunsen and Kirclioff in 1860-01, rubidium 
being obtained in the same year by Bunsen, by 
electrolysing the chloride; approximately pure 
cjesium was not prepared until 1882, in which 
year Sctterberg obtained the metal by electro¬ 
lysing the double cyanide of ciesium and barium, 
tions, (1) of tho haloid salts of Ca, Kr) and Ba, (2) l The morfi i* n P<>rtant properties of these metals 
of Mg, Zn, and fid, indicate the existence of two ! Rn ‘‘ of their principal salts aro presented in ths 
groups, in tho first of which (Ca, Sr, Ba) the ' on IU:xt P. ft 8 B ’*™ P a 8°_ H®- 


chloride MgCi,, and the sulphate MgSO,, salts 
analogous in composition to the oxides, chlorides, 
and sulphates of the metals of the alkaline earths, 
nevertheless this metal is clearly cut off from 
these by the following, among other, character¬ 
istics. The heats of formation, in aqueous solu- 


value of tho reaction increases, and in the second 
of winch (Mg, Zn, Cd) the value of the reaotion 



[M,Ol%Aq] 

[M, Br*, Aq] 

[M, I\ Aq] 

Ca • « • 

187,600 

165,800 

135,300 

Sr. . . 

195,700 

173,800 

143,400 

Ba. . . 

196,300 

174,400 

144,000 

Mg* . . 

186,900 

165,000 

134,600 

Zn. . . 

112,800 

90,900 

60,500 

Cd. . . 

96,300 

74,400 

44,000 


Thermal values of reaction withwatcr .— When 
an alkali metal reacts with water an alkaline hy¬ 
droxide is formed and dissolved, and hydrogen 
is evolved; thus:— 

M, +111,0 - 2MOHAq + (x- 2)H,0 + H* 

This reaction would be expressed in the notation 
of thermal chemistry thus:— 

[M;,2H'0]- -2[IP,0] + [M’,0’,g’,Aq]. 

The value of 2[H ! ,0] is 136,720 gram-units 
when H a O represents 18 grams liquid water | 
when the*value of [M’.O’.H'.Aq] considerably 




LrtHitnc 

—_12, 

.Sodium 

Potassium 

Bubqwm . 

Ojbsium 

' Atomic weights 


7-01 

.28 

39-04 

8B-2 

182-7 


No compounds gasified. Combining heights determined; and most probable formula of 
oxides and chlorides deduced by chemical methods from considering smallest masses of these 
•alts which take part in chemical changes. Molecular weights unknown. • 


Melting points . 

180° 

95°-5° 

58°-62° 

38° 

26°-27° 

Specific gravities . 

0-59 

0-98 

0-87 

1-52 

1-88 

Specific teats . 

Atomic weight 

0-94 

0-29 

0-17 

not determined 

not determined 

iSpec. grav. ' ’ 

11-9 

28-5 

44-9 

66-1 

70-8 


[M’.Cl’.Aq] 

[M»,Br ! ,Aq] 

[MMSAq] 


[M J ,0,Aq] 


Heats of formation in aqueous solutions (Thomsen). 
(1) of haloid salts: 


. 

204,600 

193,000 

202,300 

. . 

182,600 

171,200 

180,500 

• • 

162,200 

140,600 

150,000 


(2) Of oxides and hydroxides: 


166,500 

156,300 

164,600 

* * l 

234,900 

223,600 

232,900 



Heats of neutralisation of oxides in solution (Thomsen): 


[M'OAq,H ! SO‘Aq] . 

31,150 

31,150 

31,150 



[M-’OAq.H-CMq] , 
[M''OAq,H 2 N'0*Aq] f 

27,640 

27,640 

27,640 




exceeds 136,720, we should expect the metal M 
to decompose liquid water. Thomsen has deter¬ 
mined those values:— 

M [M 2 ,0 ! ,H=,Aq]. 

M = Li 2 234,900 

Naj 223,000 

. K. 232,900 

General formula: ancl characters of salts.— 
MjO, (M,0„ M.,O t ), MOH, M..S, (M.S„ M S,), 
MSH, MX(X = C1, Br, I,F, CN), M.,S6„MHSO„ 
MNO s , M.CO,, MHCO„ Ac., where M ~ Li, Na. K, 
Bb, or Cs. No oxides or su)()hides of lib and 
Cs have been prepared in a state of purity. 
LijO is the only oxide, and Li.S the only sul¬ 
phide, of Li known with certainty. Na,0 2 and 
K.,0, are very stable towards heat, but quickly 
decompose in moist air, giving off oxygen and 
forming NaOH and KOH. Balts for the most 
part white, and very soluble in water; but 
LiOH is much less soluble than the other hy¬ 
droxides, and Li.COj and Li 3 PO, than the other 
carbonates and phosphates—(Li..CO s , S. -769 
at 13°, S.-778 at 100°; Li s PO„ S. MM atl8' J [ap- 
rox.).) Chlorides, except LiCl, form many 
ouble salts with chlorides of heavy metals, e.g. 
M 2 PtCl e , SbCljfiMCl, Ac. Sulphates, except 
Li.;SO„ form alums? also double salts with 
sulphates of magnesium group. Most salts are 
isomorphous, but some of tho lithium salts 
are not strictly isomorphous with corresponding 
salts of the other metals; somo compounds of 
silver and thallium are isomorphous with those 
of the alkali metals. All the metals of this 
group are electropositive towards any other 
elements; their oxides and hydroxides are 
strongly basic. The lattor cannot be decom¬ 
posed by heat alone into oxides and water. 
Lithium differs from the other members of the 
group in the comparative insolubility in water 
of its hydroxide, carbonate, and phosphate, in 


tho non-formation of an alum, and in Boms 
other respects (compare heats of formation of 
analogous salts); this element serves to connect 
the group of the alkali metals with that of the 
metals of the alkaline earths in somewhat tho 
same way as tho latter group is connected with 
zinc and cadmium by the element magnesium 
(e. Alkaline eauths, Metals oi the). The 
metals copper and silver are to some extont 
connected with the alkali metals. Copper forms 
two series of salts represented by Cu s O and 
CuO respectively; the former, so far as com. 
position goes, are analogous to tho alkali salta 
They arc, however, much more insoluble in 
water than these, and, with the exception oi 
the iodide and cyanide and somo double salts, 
are much less stable than the salts formed from 
the oxide CuO. The salts of silver, as a class, 
are much less soluble in water than those of the 
alkali metals ; their composition is similar— 
Ag s O, AgNOj, Ag„SO„ Ac.; some of them are 
isomorphous with corresponding sodium salts, 
e.g. AgjSO,. Silver forms an alum, and it* 
oxide is markedly basic. 

The alkali metals are placed in Group I., 
according to the classification of elemonts based 
on the periodic law, and thi? group also con¬ 
tains the metals Cu, Ag, and Au. Li, K, Cs, 
and Rb belong to even series, and Na, Cu, Ag, 
and Au, to odd series, of Group I. Theracan be 
no doubt, however, that sodium is closely con¬ 
nected with the other alkali metals, and that 
the three heavy metals (Cu, Ag, An) present 
only feebly marked analogies to eaoh other, and 
to the metals of the alkalis. In considering the 
classification of elements whioh the periodic 
law presents, attention must be paid, not onl] 
to the group in which any given family o! 
elements occurs, but also to the character oi 
the elements which precede and those whiol 

. a 



IMS 


ALKALIS, METALS OF THH. 


(allow the given family in the same series; the 
position of the family m the complete scheme 
most also be considered™. Periodic Law). 

In some respects thalliiSm exhibits a marked 
chemioal resemblance to the alkali metals; it 
forma an oxide TL,0 and a hydroxide TlOH, 
both of which dissolve in water, producing a 
strongly alkaline and'basii? liquid, marked by 
most of the properties which characterise 
aqueous solutions of soda and potash; it also 


forms salts— TljCO,, Tl,SO„ T1N0„ As.— 
whioh, as a class, are easily soluble in water, 
and many of Whioh are isomorphons with the 
corresponding alkali salts, gome of the thallons 
salts* however, resemble those of lithium in 
being comparatively insoluble, e.g. T101 and 
Tl,PO t . Thallium also forms an alum, and a 
double platinum chloride Tl,PtCl 0 . On the 
other hand, tho metal itself differs much from 
the alkali metals j it is heavy, is not very easily 



Lithium 

Sodium 

Potassium 

Rubidium 

C.ES1UM 

VaXUaUlity, 

Silver-white; easily 

Silver-white; 

White; brit- 

Silver-white; 

Silver-white; 

colour, dc. 

drawn into wire, 
butless tenacious 
than lead; very 
soft, may be 
welded at or¬ 
dinary tempera¬ 
ture ; not vola¬ 
tile at red heat. 

soft as wax 

tie at 0°, 
malleable 
at 5° or so, 
pasty at 

15°; can bo 
distilled at 
700°-800°. 

soft as wax 

soft at or- 

at ordinary 
tempera¬ 
ture ; very 
ductile at 
0°; can be 
distilled at 
red heat. 

at -10°. 

dinary tem¬ 
perature. 

Want-lengths of most 

Li. (red) 6705 

D, (orange) 

(yellow) 6800 

Bb, (red) 

Cs* (blue) 

characteristic 

(blue) 4602 

6895 

7800 

4697 

lines in spectra. 

D 2 (orange) 
6889 

K* (violet) 
4044 

Rb, (orange) 
G297 

Cs. (blue) 

4660 

Chemical proper- 

| 

Oxidises in ordi- 

Oxidises ra- 

Oxidises very 

Oxidises in 

Exceedingly 

ties. 

nary air but not 

pidly in air; 

rapidly in 

air bo ra- 

easily oxi- 


bo rapidly or 

decomposes i 

air; decom- 

pidly that 

dised. Pro- 


completely as 

water ra- 

poses water 

usually 

perties not 


other metals of 

pidly: com- 

rapidly; 

takes fire; 

yet exactly 


the group; de¬ 
composes cold 

bines very 

combine s 

decomposes 

studied. 


energetic- 

with halo- 

water most 

Most elec- 


water rapidly but 

ally with ha- 

gens and 

r apidly; 

tropositive 


without itself 
melting; ignites 
at temperature 
much above its 
melting - point; 
readily combines 
with halogens 
and sulphur. 

logons and 
sulphur, de- 
composes 
many ha¬ 
loid salts at 
high tem¬ 
peratures. 

sulphur. 

r 

bums bril¬ 
liantly in 
vapours of 
halogenB, 
sulphur, 
and arsenio. 

of all ele¬ 
ments. 

Occurrence and 

Widely diffused in 

Inlargequan- 

Inlargequan- 

Very widely 

As silicatein 

preparation. 

rocks, waters, 

titles as 

tities as ni- 

diffused, but 

a rare min- 

plants, and some 

chloride, si- 

trate, sili- 

in very 

cral. Inmi- 


animal secre- 

licate, fluo- 

c»te, sul¬ 
phate Ac.; 

small quan- 

nute quan- 


tions; occurs as 
Bilicateandphos- 

ride, nitrate, 

tities; in 

tities in 


Ac., pre¬ 

pared by de- 
oxidising 
Na,CO, by 
hot carbon. 

prepared as 

most Kand 

many rocks 


phatewith other 
alkali metals; 
prepared by elec¬ 
trolysis of mix¬ 
ture of LiCl and 
NH.Cl. 

Na. 

Naminerals; 
in waters; 
no special 
Rb mineral 
known; pre¬ 
pared as 
Na and K 

and watorsj 
prepared by 
electrolysis 
of doublecy¬ 
anide of Ca 
andBausing 
A1 poles. 


oxidised, does not decompose water except at 
,a red beat, and is much more electro-negative 
.than the alkali metals. Thallium forms an 
Oxide, T1,0„ from which a sories of salts - 
TL3SO,, T101,, &c.—is ‘obtained ; these salts 
exhibit analogies with those of the earth metals. 
The heats of formation of tballous oxide, hy¬ 
droxide, and chloride, are much smaller than 
those <K the alkali salts; Thomsen gives these 
numbers: [TBAAq]- 39,200; [Tl 5 ,0',H ! ,Aq]* 
107,600 ; [Tl J ,CP,Aq] - 76,900 (t>. Eabths, Metals 
or in, and Thallium). 


An aqueous solution of ammonia is strongly 
alkaline; when neutralised by acids salts are 
obtained which, as a class, closely resemble those 
of the alkali metals, with whioh they aro, for the 
most part, isomorphons. These salts are con¬ 
sidered to be compounds of the radiole am¬ 
monium (NH,) with acid radicles; the general 
formulas given for Balts of the alkqli metals 
apply to iao ammonium salts if M be taken to 
represent NH,. This radiole ammonium re¬ 
places the elements Li, Na,.K, Bb, or Os, in 
most compounds without altering the crystalline 
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form, and without changing the ohemioal type, 
of these compounds. The salts of ammonium 
are, therefore,classed with those of the alkali 
metals. (For more details regarding the consti¬ 
tution of those salts, and for an account of their 
properties, see Ammonium Compounds.) Foe ac¬ 
counts of the individual alkali metals and their 
binary compounds, see the articles Csssium, 
Lithium, Potassium, Rubidium, and Sodium ; and 
for the other salts of these metals sco Cab- 

B0NATE8, NiTKATES, SULPHATES, &C. 

M. M. P. M. 

ALKALIS, Action on Organic Compounds. 
The tendency of alkalis is to form salts. Thus 
they react with acids and other hydroxylio com¬ 
pounds by displacing the hydrogen by potas¬ 
sium or sodium (p. 53). Neutral substances are 
frequently saponified by alkalis, i.c. turned 
into salts. Saponification means soap-making; 
in the narrowest senso it means boiling a fat 
with potash or soda: 0,11,(00,,11,50), + 3K0H = 
0,11,(011), + 3K0C (S H,,,0. In a broader sense 
it means tlie splitting up of any compound 
ether into its alcohol and its acid, whether by 
means of an alkali, an acid, or by water alone. 
In the broadest sense it means the conversion 
of a neutral substance into an acid or the salt 
of an acid. Alkalis saponify compound ethers, 
nitriles, amides, and amic acids. In the case 
of nitriics the reaction takes place as follows : 
R.CN + KOI! + H,0 = It.CO.K + NH,. Alkalis 

act upon chlorinated or brominated substances 
with production of haloid salts: the reaction 
is either one of substitution; CH,Cl + KOH - 
CH,.OH + KC1: or else IIC1 or HBr is abstracted; 
CII.jBr.CHJlr + KOH = CH,:OHBr + KBr + H.,0. 
The latter equation represents the action of 
alcoholic K(jtl on chlorinated or brominated 
hydrocarbons. Hydrogen and halogen are 
always taken from contiguous carbon atoms. 
Alcoholic potash sometimes displaces halogen 
atoms by cthoxyl: GHX1.C0 N + KOH + EtOH = 
CH.(OEt).CO..K i KC1 + H,0. 7-Chloro-aeids are 
converted by neutralisation Vith potash into 
lactones (g. t’.). When the halogen is in place 
of hydrogen in tho benzene nucleus, it cannot 
be turned out by aqueous potash unless a nitro- 
group is also present. Tims chloro-benzene is 
not affected by potash, while 0 - and p- chloro- 
nitro-henzenes are converted into nitro-phenols. 

When plionol is boiled with chloroform and 
NaOH Aq, oxy-benzoic aldehyde results (Tiemann 
a. Reimer’sreaction): C 8 H,ONa + 3NaOII + CHC1, 
-C„H ) (0Na)(J0H + 3NaCi + 211,0 (13. 9, 824). 

By the same method tho group CHO can be 
introduced into many derivatives of phenol 
(p. 109). 

If tetraclilorido oFcarbon be used instead of 
chloroform, carboxyl enters the phenol, forming 
a carboxylic acid: CJI,,ONa + 5NaOH + CCl,= 
C,H,(ONa).CO,Na + 4NaCl + 3H,0. • Alcoholio 
potash sometimes acts as a reducing agent 
(p. 99,1. 42). 

Potash-fusion (or soda fusion). 

1. Converts aromatic sulphonates into phenols: 

C A.SO,K + KOH - C„H s OH + K,SO,. 

9. Displaces halogens by hydroxyl : 

0,H ( C1.C0.,K + KOH- C,H,(OH).CO?K + KCL 
However, owing to the high temperature re¬ 
quired, a subsequent migration of^he hydroxyl 
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sometimes takes place. Thus when any halogen 
benzene snlphonate or halogen phenol is fused 
with potash at 285°-270^ resorcin is produced. 

8. Converts earboxylatdl into hydrooarbons: 
CH..CO.K + HOK - OH, + CO,K,. Soda-lime, 
lime, or baryta may also be used for this purpose. 

4. Converts the higher fatty aldehydes and 
aromatic aldehydes into alcohol and salt of the 
acid: 2Ph.CH0 + k5h=T h.CO,K + Ph.CH,OH. 
In other cases also, potash acts by oxidising 
one portion of the substance and reducing 
another. Thus glycerin distilled with potash 
gives (a) by reduction, propylene glycol, (h) by 
oxidation, potasBic acetate and formate. Simi¬ 
larly anthraquinone sulphonato gives (a) by 
reduction, anthracene, (5) by oxidation, alizarin. 

5. Splits np unsaturated acids at the point of 
non-saturation into two salts: 

CH,.CH:CH.CO,H + 2 KOH - 2CH,.C0,K+H r 

6. Resins usually give p-oxy-benzoate proto* 

cateebuate, and phloroglucin. ^ 

ALKALOIDS.—Tho term alkaloid was first 
applied to any organic base. It is now usually 
restricted to organic bases that are of vegetable 
origin and produce marked toxicological effects. 
Thus such bodies as cthylamine, asparagine, and 
leucine, are not usually classed as alkaloids. All 
the alkaloids contain nitrogen, and all except 
coniine, nicotine, and sparteine contain oxygen. 
These three alkaloids are volatile, the others are 
fixed. The vegetable alkaloids are ammonia-, not 
ammonium-, bases, that is, they combine with 
HC1 without elimination of 11,0. The following 
alkaloids have been described : 

From Achillea Moschata: achilleine, mo»- 
clmtine. 

From Aconitum Napdlus, ferox, do. : aco¬ 
nitine, picro-aconitine, pseudo-aconitine, japa- 
oonitine, lycaeonitine, myoetonine. 

From AF.thusa Cynapium: cynapine. 

From Agaricus: agarythrine. 

From Alstonia constricta: alstonine, por* 
phyrine, alstonidine, alstonicine. 

From Arariba rubra : aribino. 

From Artemisia abrotanum: arbrotina. 

From Aspidosperma : aspidospermine, aspl- 
dospermatine, aspidosamine, bypoquebrachine, 
quebrachine, quebrachamine, paytine, payta- 
mine. 

From Angustura bark : cusparine, gasipefne. 

From Athcrospcrma : atherospermine. 

From Atropa: atropine, hyoscyamine, by- 
oscine, belladonine. 

From Baccharis : bacoharine. 

From Baptisia t victoria : unnamed. 

From Bebceru: beberine. 

From Berberis : borberine, oxyaoanthine, 
hydrastine. « 

From Buxus: buxine, buxidine. 

From Calabat beans: physostigmina or 
eserine. 

From Capsicum: capsicine. 

From Cannabis indica: an unnamed alkaloid 
(M. Hay, Ph. [3] 13, 998). 

From Ghelidonium : ohelerythrine, ohali- 
donine. 

From Cinchona: quinine, oinohonine, con- 
quinine, quinicine, homoquinine, hydroquinidine, 
cinchonidine, aricine, cusconine, ousdbnidine, 
oinaholine, cusoamine, ouscamidine, quinamine, 
cinchamidine, cinchotine, hydrocinohonino, oon- 
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q n i BMTnnf . hydroqninlne, dieinchonlne, diocn- 
quiaine, javanine, parieine. 

From Coca leaves : cocaine, ecgonine, hy- 
giiae. * 

From Cocoa beans: theobromine. 

From Coffee berries : caffeine. 

From Colchicum : colchicine. 

From Conessi bark: conessine. 

From Conium: oofliine/ 

From Corydalis : corydaline. 

From Crossoptera : crossopterine. 

From Curare: curarine. 

From Cytisus: cytisine. 

From Delphinium: delphinine, delphinoid¬ 
ine, delphisine, staphisagrine. 

From Dita bark: dit&mine or ditaine, echita¬ 
mine, echitenine. 

From Duboisia : duboisine or hydrocyaminc. 

From Ergot: ergotine. 

From Erythrophleum: erythrophleine. 

From Esenbeckia: esenbeckine. 

From Eraxinus americana: an unnamed 
alkaloid (F. B. Power, Ph. [3] 12,812). 

From Fumaria: fumarine. 

From Gelscnium: gelscnine. 

From Geselmium : geselmine. 

From Glaucium: giaucine, glaucopicrine. 

From Harmala: harmalinc, harmine. 

From Humulus lupulus (Hops): lupuline 
(hopolne), neurine. 

From Hymcnodictyon: an unnamed alkaloid. 

From Ipecacuanha : emetine. 

From Isopyrum : isopyrine, pseudo-isopyrine. 

From Lobelia: lobelinc. 

From Lotur bark: loturine, colloturine, 
loturidine. 

From Loxoptcrygium: loxopterygine. 

From Lupinus : lupinine, lupinidine. 

From Lycopodium: lycopodinc. 

From Macleya: mackleyine, sangninarine. 

From Mcnispermum: inenispermine. 

From Mustard : sinapine. 

From Nicotiana tabacum: nicotine. 

From Eympluxa alba: an unnamed alkaloid 
(Orfining, 11. 1C, 9G9). 

From Oleander : oleandrine. 

From Opium : morphine, codeine, thebaiiie, 
papaverine, narcotiiic, narceine, hydrocolarnine, 
pseudomorphinc, codamine, laudaminc, laudano- 
sine, meconidine, lanthopinc, protopine, crypto¬ 
pine, crytopine, oxynarcotine. 

From Papavcr rhaas: rhoeadine. 

From Papavcr somniferum : t’. Orica. 

From Pennius: boldine. 

From Piper nigrum (Pepper): piperine. 

Fro mPerciro bark: geissospennine.porcirine. 
. From Pilocarpus leaves: pilocarpine, jabo- 
line, pilocarpidinq. 

- From Pomegranate bark : pclletierine. 

■ From Poppy: rhaadinc. r Opium Poppy v. 
Opium. 

Frogi Itatany root: ratanhino. 

From llieinus (castor-oil plant): ricinine. 

Fron \Jialamandra: sam&ndrine. 

From Saphora: saphorinc. 

From Sinapis: sinapine. 

From Spartium : sparteine. 

From Strophantus: strophantine. 

From Strychnos : strychnine, brucine. 

From Thalictrum: thalictrine. 

From Tax us: taxine. 


From Tea leaves: caffeine. 

From Tobacco ; nicotine. 

From Trigomella : trigomeUinfl! neurine. 

From Veratrum: veratrine, veratridine, oevo. 
dine, cevadilline, jervine, rubijerrine, preudo- 
jervime, veratralbine. 

From Vetch: vicine. 

Formation of alkaloids in plants. Most of 
the above alkaloids are pyridine derivative*. 
They are probably produced by the action of 
ammonia or amido compounds upon non-nitro. 
genous bodies. Pcchmann a. Welsh (B. 17,2384) 
consider that the non-nitrogenous bodies are suon 
acids as mcconic, chelidonic, and cumalie, which 
are probably furfurane derivatives. These three 
acids are converted by ammonia into oxypyridine 
carboxylio acids. Cumalie acid is formed arti¬ 
ficially from malic acid by action of cono. H 2 SO, j 
and it is probable that the two other acid’s are 
also formed by condensation of simpler acids. 

V. Meyer has suggested that hydroxylamine 
by acting upon aldehydes may also play some 
part in the production of the nitrogenous con¬ 
stituents of plants. 

Extraction: The tissue is extracted with 
diluto acid and the extract ppd. by ammonia, 
potash, soda, lime, or magnesia. Volatile alka¬ 
loids are then distilled, fixed alkaloids are 
crystallised from a suitable solvent. The ex¬ 
traction of alkaloids from animal matter, as in 
cases of poisoning, is described in the next 
article. 

Reactioiw.— 1. Sodic phosphamolybdatc added 
to solutions acidified with nitric acid gives, in 
the cold, a yellowish-white flocculent pp. Ani¬ 
line, the alkylaminos, and quinoline, as well as 
silver, mercurous, and lead, salts arc also ppd. 
by this reagent (Koimensohein, A. 101, 45). To 
recover the alkaloid, the pp. is ‘boiled with 
baryta, when volatile alkaloids distil over. The 
residue is saturated with CO.., evaporated to dry¬ 
ness and extracted with alcohol. Konneuschein’s 
reagent is prepared by dissolving yellow am- 
uiunic nitro-molybiute in Na 2 C0 3 Aq, drying and 
strongly heating; if reduction of molybdie add 
take place, the product is moistened with UNO, 
and again heated. It is then heated with water, 
nitric acid is added, and the liquid diluted until 
10 parts of the solution contain 1 part of solid 
residue. 

2. Phosphut-ungstic acid may be used instead 
of phospho-niolvhdic acid (Kchcibler, Fr. 12,316; 
J. 1800, 157). The reagent, which is a mixture 
of sodic tungstate and phosphoric acid, is added 
to solutions acidified with 1L.SO,. I'hospho - 
antimonic acid got by dropping antimonio 
chloride into aqueous phosphoric acid, precipi¬ 
tates morphine, narcotine,,pnd nicotine, but not 
atropine (F. Schulze, A. 109, 177). 

3. Potassio-mmuric iodide produces floccu¬ 
lent yellowish-white pps., insoluble in acids and 
in dilute alkalis, slightly solullo in excess of 
the reagent, easily soluble in alcohol, and gene¬ 
rally also in ether (F. Mayer, J. 1803, 708; A. 
133, 230; Be Vrij, J. 18C7, 002), Theobromine, 
caffeine, glucosides, carbohydrates, and organic 
acids give no pp. with Mayer's solution. Albu¬ 
minous and gelatinous substances, in (presence 
of froo acifl (but not in alkaline solutions) give 
sticky pps. (Valser, Fr. 2, 79). To separate till 
alkaloid from the pp., the latter is triturates 
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witb SnCl, and excess of aqueou* KOH; this solutions of alkaloids forms compoundscontaifl'- 
reduces the mercury to the metallic state, and ing sulphur (Palm, J. 1868,489; E.'Schmidt, B, 
the base is then extracted by its proper solvent. 8,1267). . 

Mayer’s solution contains 18*5 g. mercuric 1G. The absorption-spectra of various alka- 
ehloride and 49*8 g. potassic iodide per litre. loids have been mapp*l by A. Meyer ( P . [8] 18, 

4. Potassio-bismuthous iodide is prepared 413). 

by dissolving Bi(0H) 3 N0 3 (80 g.) in IIN0 3 17. A solution of iodine monochloride in HOI 
(200 c.o. of S.G. 1*18) and adding a cone, sola- added to a solution of an alkaloid in HC1 gives a 
tion of KI (272 g.). The solution is cooled until pp., usually yellow L<?d spSringly soluble (Tilden, 
KNOj crystallises, and the mother liquor is then G. J. 21, 145; Pitlmar, B. 18, 1G12; Oster- 
dilutedto a litre (Dragendorff, JV.5, 406; Kraut, mayor, B. 18, 2298). According to Dittmar, if 
A. 210, 310). The solution is added to the the alkaloid contain one pyridine ring, the pp. 
alkaloid dissolved in dilute II„S0 4 of III. is of the form XICl; if it contain two pyridine 
Double iodides of the alkaloid and of bismuth are groups it is of the form YI .CL However, NEfc 4 Cl, 
ppd. The alkaloid can bo recovered by dccom- j NEt.,HCl, caffeine hydrochloride, and pyrrol, all 
posing these double iodides with aqueous NaOH, 1 give pps. though they contain no pyridine ring, 
and extracting with a proper solvent. while B-oxy-quinolines, and tetra-hydroquinoline 

5. Potassio-cadmic iodide forms white give no such pps. The pps. may also be got by 

flocculent pps. when added to solutions of using a mixturo of KI, KN0 2 , and HC1, instead 
alkaloids acidulated with H 2 S0 4 . The pps. soon of IC1. The chloro-iodides are converted by 
become crystalline; they are soluble in alcohol, excess of chlorine into unstable compounds XICl,. 
insoluble in ether. They dissolve in excess of Ammonia converts the chloro-iodides into iodo- 
the reagent. The alkaloid can be recovered by amides, XIN1L; these are dark-green or dark- 
treatment with NaOHAq and a solvent (Marm£, red unstable bodies, insoluble in water, but 
Bl. [2] 9, 203). j converted back into the chloro-iodides by HC1, 

6. Potassio-platinic iodide and potassio-auric ; and decomposed by boiling with alcohol accord- 
iodide also pp. alkaloids (Sclmi, G. 5, 255). ! ing to the equation : 

These solutions are prepared by adding KI to I GXINIL - 3X + 3XL + 4NH 3 + N z . ' 

solutions of PtCl 4 or AuCl s until the pp. first ! These iodo-amidcs are also produced by the 
formed is redissolved. The platinum salt gives, ‘ combination of the alkaloids with iodide of 
in acetic acid solution, a black pp. with nicotine, j nitrogen. 

but none with conessine; it also gives a wine- Tests for alkaloids .—The above reactions are 

red pp. with solanidinc but none with solanine. general. The following tests may be used in dis- 
Tho gold salt gives, on evaporation, arborescent ! tinguishing the alkaloids from one another:— 
crystallisation with nicotine, but only oily drops 1. The alkaloid is sublimed. Sublimation begins 
with coniine. ! below 100° in the case of caffeine, theobromine, 

7. A solution of iodine (1 pt.) in KI (1 pt.) and cantkaridine; between 150°-200° in the 

dissolved iij water (100 pts.) gives brown, often i case of strychnine, morphine, and pilocarpine 
crystalline, pps. of the periodides. Thcsepolarise (Wyntev Blyth, C. J. 33,318). The following 
light like tourmaline. The alkaloids can be give no sublimate, but melt: (a) below 100° 
recovered by treating the pp. with SO,Aq. j hyoscyamine, atropine; (b) between 100°-160° 

8. Animal charcoal removes most of the papaverine; (c) above 200° solanine. The 

alkaloids from aqueous solution. The alkaloid , sublimate is then examined microscopically 
can then be extracted from* the charcoal by a 1 (llclvig, Fr. 3, 43; Deane a. Brady, C.J. 18,34). 
suitable solvent (Graham a. Hofman, C. J. 5, ! - 2. Cone. ILSO, produces colours with certain 
173). ! alkaloids, c.g. a blood-red colour with thebaine 

9. Picric acid pps. many alkaloids, even in and a crimson with veratrine.—3. Nitric acid 

presence of a largo excess of H^SO*. Morphine, usually produces a yellow solution, but morphine 
caffeine, and glucosidea aro not so ppd. The and brucine give a red colour.— 1. Sulphuric acid 
reagontpps. English but not German preparations j containing a little molvbdie acid, so-called sul- 
of atropine (Hager, Fr. 9,110). ! phomolybdio acid, gives a violet colour with 

10. Tannin gives a white or yellowish-white . morphine, and characteristic colours with other 

pp. The salts of morphine, with the exception j alkaloids.—5. Erdmann’s solution is prepared 
of the acetate in strong solution, are not ppd. by I by adding HN0 3 (6 drops of S.G. 1*25) to water 

tannin. The alkaloids can bo recovered by j (100 c.c.) and adding ten drops of the diluted 

treating the pp. with lime. j acid to 20 c.c. of cone. II 2 S0 4 . This solution 

11. Platinic chloride gives, in cone, solu- ! gives a blue colour when warmed with solutions 
tions, a yellowish-wMtc or yellow pp. Chloride of of codeine, and characteristi<yjolours with other 
gold does the same {cf. Coninck, Bl. [2] 45,131). alkaloids.—C. Chloriue water, followed by am* 

12. Sodic nitrojmissidc usually forms oily monia, gives a gr£cn colour with quinine, a red 

drops of the nitroprussido, which erystallises on colour with narceine, and an orange colour with , 
standing (Horsley, C. N. 5, 355; E. W. Davy, narcotine.—7. A mixture of an alkaloid (1 pij 
Ph. [3] 11, 756). i with sugar (7 pts.) often gives colours with cone. 

13. The electrolysis of solutions of salts of ; ILS0 4 . Morphine and codemo giv%a purple, 

alkaloids has been studied by Bourgoin (Bl. [2] j aconitine a rose-red (tt. Schneider, P. 147, 128), 

12, 438). ^ j — 8. R.S0 4 and a little Cc..0 3 give with strych- 

14. The alkaloids aro ppd. by sodium salts of nine a line blue colour; with brucine, orange; 

gly<x)c}folic f hyoglycocholic>a.n&taurocholi<; acids, narcotine, brown, cherry-red, finally wine-red; 
The pps. appear to be acid salts of the alkaloids morphine, olive-brown, finally brown;* codeine, 
<W.F. de l’Abre, O. C. 1872, 231). ! olivo green, finally brown; quinine, pale yellow; 

15. Mydric iulphide passed #tato alcoholic 1 cinchonine and caffeine, no oolour; veratrine. 
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atropine, solanine, emetine, brown; colchicine, 
green becoming brown: papaverine, almost black 
(Sonnenschein, B. 8, 6$2). 

Optical Properties.—W hen the solution of 
an alkaloid affects a ray of polarised light the 
specific rotatory power of solutions of its normal 
salts is independent of the nature of tho acid if 
the alkaloid is mono-flciduf and the salt is not 
decomposed by water, but if the alkaloid is di- 
acidic the basic salts usually rotate much less 
than the normal salts (Oudemans, R. 1, 18). 

ALKALOIDS, CADAVERIC v. Ptomaines. 

ALKALOIDS, POISONOUS, Detection and 
Estimation of.—This articlo will be directed to 
the simple detection of the chief alkaloids; but 
incidentally their quantitative estimation will be 
touched upon. The detection and complete recog¬ 
nition of an alkaloid by chemical tests is often a 
matter of great difficulty, even in the case of 
some well-known and potent alkaloids. Indeed, 
in some cases these difficulties aro at present 
insurmountable by chemical means alone, and 
physiological experiments have to bo called in 
aid. The obstacles to the recognition of these ! 
bases, when several are present, is still greater. 1 
Indeed, it may be stated that tho complete j 
separation of a mixture of commonly occurring ; 
alkaloids is a problem still awaiting solution. I 
The toxicologist has too often to content himself | 
with the identification of one or two alkaloids in j 
organic mixtures, and the determination of their | 
aggregate quantity, being unable to ascertain 
their individual amounts. 1 

History.— The earliest methods devised for 
the detection of alkaloidal poisons in forensic 
research were those found effective for the ; 
separation of the vegetable alkaloids from tho 
other matters with which they are found asso¬ 
ciated in nature; and modifications of these 
methods are even now employed for this pur¬ 
pose. The material to be operated on was 
extracted with diluted acids, aided by gentle 
heat, gummy and other substances removod by 
lead acetate, the excess of lead ppd. with 
hydrogen sulphide, and tho alkaloid obtained 
as a salt—generally an acetate —in a greater or 
less degree of purity by evaporation of the 
solution. This and other crude processes were 
mostly abandoned when Stas Li. 84, 379) pub¬ 
lished his classical paper on tne separation of 
alkaloids from organic mixtures, and devised a 
new and refined process, which was subsequently 
modified and improved by Otto (A. 100, 39), 
Dragendorff (Oerichtl. chem. Ermit. v. Gift., 
1876), and others. In one form or another, this 
process, generally known as that of Otto-Stas, 
is still the ono most generally employed in 
forensic analyses, though Sonnenschein (A. 105, 
45 ), Selmi (G. J. 1877, 93), und more recently \ 
L. Brieger (Die Ptomaine, Pt. I., 1885; Pt. II., 
e 1885 ; t?t. III., 1880) have each employed 
different but less refined methods for the general 
separation of the organic bases from tho matters 
With which they are commonly associated. 

Methods of Procedure. — If an apparently 
fairly pure solid body has to be examined, e.g. 
a crystalline medicinal powder, its alkaloidal 
nature lnay be demonstrated by ascertaining 
in the ordinary way that it contains both organic 
carbon and nitrogen; by its sparing solubility 
in aqneons alkaline, ana its ready solubility in 


aqueous acid, solutions; and by adding to the 
acid solution reagents that reaofc with the al¬ 
kaloids as a class. The alkaloid will usually 
be ppd. from its acid or aqueous solution, if this 
be apt too dilute, by caustic and by carbonated 
alkalis; and will appear either in the form of oily 
droplets (liquid and volatile alkaloids), or as an 
amorphous pp., becoming crystalline on stand¬ 
ing. If the pp. redissoivcs in excess of the 
caustic alkali, as in tho caso of morphine, it 
will again separate when the alkali becomes 
carbonated, as by exposure to the air. Sinoe 
none of the alkaloids are altogether insoluble in 
water, no pp. may form in very dilute solutions, 
and yet an alkaloid bo present. There are, 
however, certain group reagents that pp. the 
alkaloids from their barely acid solutions, even 
when these are highly dilute; and these re¬ 
agents are generally employed where the presonce 
of an alkaloid is suspected. Such goneral re¬ 
agents are the following; but it must be borne 
in mind that as any ono of them may fail to 
give a precipitate with a given organic base, 
two or more of them must be used, under appro¬ 
priate conditions, in order to prove or disprove 
the presence of an alkaloid in the solution to be 
tested.—1. A weak solution of iodine in potas¬ 
sium iodide. This reagent gives a more or less 
coloured pp. with extremely dilute solutions of 
most of the vegetable alkaloids.—2. Bromine 
water yields similar pps., but has the dis¬ 
advantage of yielding pps. with the phonols 
also.—3. Tannin pps. most of the vegetable 
alkaloids from their not too dilute solutions.— 
4. Mercuric chloride in aqueous, and also in 
alcoholio solution, is a valuable pptant., and is 
especially useful in the separation of the organic 
bases resulting from putrefaction {ptomaines), 
for the separation of which the Otto-Stas method 
■ to be presently described is inadequate (L. Brieger, 

\ op. cit.). —5. Potassio-mercuric iodide solution 
i is perhaps tho most generally useful pptant. of 
i the alkaloids; andgfrom the ppts. thus produced 
| the alkaloids may be recovered in a high state 
i of purity by trituration with BtannouB chloride 
! and solution of NaOH, and extraction of the al¬ 
kaloid thus liberated, with ether.— 6 . Phospho- 
; molybdic acid in nitric acid solution pps. the 
i alkaloids from acid solutions. Tho alkaloids 
J may be recovered from these pps. by decomposing 
them with barium hydrate, and either distilling 
off the alkaloid (volatile alkaloids), or after re¬ 
moving the baryta by means of a stream of car¬ 
bon dioxide, subsequently extracting the alkaloid 
with absoluto alcohol.—7. Picric acid is also a 
useful pptant., and from the pps. thus produced 
the alkaloids may bo separated by acidification 
with HC1 and agitation with other.—Many other 
general pptants. of the alkaloids have been pro¬ 
posed, hut tjie above fulfil almost every useful 
purpose; and on the ppn. of organic natural bases 
by alkalis, and their resolution and extraction 
by ether and other special solvents or on their 
removal from organic solutions by one or other 
of the above pptants.—are based the most ap¬ 
proved general methods for the separation of tho 
poisonous alkaloids in forensic analysis,* 

Tho method most generally employed for the 
extraction of the vegetable alkaloids from ad- 
mixture with, animal matters is that originally 
devised by Sfiu for the separation of niootin* in 
1 
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he course of a forensic analysis, and now known 
vith modifications as the Otto-Stas method.' The 
writer of this article has introduced further 
nodifications which are embodied in the follow- 
ng description, and have been found by him 
aeeesaary in those cases where unstable and 
sasily hydrolysed alkaloids are to be sought 
Cor, such as morphine, which is readily decom¬ 
posed by heating its acidified solutions, and 
aconitine, which is unstable in alkaline and 
especially in ammoniacal solutions. In all 
cases the method, which is a quantitative one, 
is greatly dependent for success upon tho care 
with which the preliminary operations are con¬ 
ducted. 

The organic material to bo operated upon, if 
solid, is brought into as minute a state of 
division as its nature permits, and is then 
digested with twice its weight of rectified spirit 
of wine at a temperature of about 85°. Liquids 
are also treated with twice their volume of 
rectified spirit. Redistilled methylated spirit of 
wine may bo used for these operations. After 
several hours’ digestion tho liquid is poured off 
from the deposited solids, and the digestion is 
repeated with a fresh quantity of spirit. This 
is again poured off, and mixed with the previous 
alcoholic infusion. If solid matter, c.g. liver, is 
operated on, the liquid is squeezed from the solid 
portion at each digestion in a piece of fine 
cambric which acts as a crude filter; and the 
liquids thus obtained are added to the other alco¬ 
holic liquids. After two or more digestions, ac¬ 
cording to tho nature of the organic matter, the 
undissolved portions are subjected to a new diges¬ 
tion, also at 35°, with spirit faintly acidified with 
acetic acid. Somo recommend tartaric in pre¬ 
ference to acetic acid, but this is objectionable, 
when, as is usually the case, morphine lias to bo 
sought for: others use oxalic acid, but this rcid 
may have to be sought for as well as the alkaloids. 
Enough acid must be added to keep the liquid just 
perceptibly acid, excess being $voided. After a 
prolonged digestion .vith tho acidified alcohol, 
this is poured off, tho solids squeezed, and the 
digestion repeated, but this time with unacidified 
spirit. A final digestion may be required, the 
rule being to continue tho exhaustion with spirit 
of wine so long as any colour is imparted to this. 
The alcoholic liquids obtained before acidification 
after mixing aro momentarily and rapidly raised 
to a temperature of 70°, cooled, and the insolu¬ 
ble residue filtered and washed with spirit; and ; 
thoso obtained with and after tho uso of acetic 
aoid are similarly treated. But the two liquids, 
the unacidifted and tho acidified aro not mixed 
till a later stage is yachcd. In this way, by 
keeping tho liquids separate, danger of hydrolysa- 
tion of unstable alkaloids is as far as possible 
avoided. The alcoholic infusions ^.-e now eva¬ 
porated at a temperature never exceeding 35° to 
the consistency of a syrup. It is advisable during 
the course of the evaporations to neutralise a 
portion of tho free acid with caustic soda from 
time to time, so as to keep the liquids just per¬ 
ceptibly acid. The evaporations are easily effected 
with tollable rapidity by placing tho liquids 
in shallow basins supported on largo beakers 
some inches above the floor of an ordinary 
oven, which is heated by a gas flame playing on 
fchc top. The door ia kept a littll ajar. The 


advantages of this arrangement of the author’s 
are, that overheating is avoided, evaporation is 
more rapid than by anyjbther method, and ail 
creeping of the liquids ^p the sides of the basins 
is obviated. This course of procedure is greatly 
preferable to distilling off and recovering tho 
alcohol, as usually recommended. Tho syrupy 
liquid is now drenched v*th about 30 c.c. of 
absolute alcohol, with constant stirring or 
grinding in a mortar; tho alcohol is poured off 
from tho pasty mass which usually separates, 
and replaced by successive quantities of 15 c.o. 
alcohol so long as a colour is imparted to this. 
The alcoholic liquids are mixed, filtered, the 
filter washed with alcohol, and the filtrate eva¬ 
porated in the oven, as before, at a temperature 
riot exceeding 35°. The syrupy residues—that 
from the plain and that from the acidified spirit 
of wine—are diluted with a small quantity of 
water, filtered, the filters washed with water, and 
tho filtrates mixed. They should, together, 
j measure 15-20 c.c. The liquid is introduced 
into an accurately stoppered tube, partially 
neutralised, if necessary, with caustic soda, taking 
care, however, to leave it slightly acid. If the 
method laid down has been scrupulously followed, 
we have now a liquid containing the whole of the 
alkaloids, and free from albuminoids. The 
aqueous and faintly acid liquid in the tube is now 
covered with twice its volume of washed ether, 
and the whole is mixed by gently and repeatedly 
inverting the tube, care being taken not to 
emulsify the mixture by any violent agitation. 
Tho ether is allowed to separate, and this is 
favoured by giving an occasional sharp rotatory 
shake to the tube. The supernatant ether is 
then pipetted off, and replaced by a new and 
smaller quantity of ether. The tube is again 
shaken; and the operation of extraction with 
ether i8 continued till a few drops on evaporation 
leave no residue. Four or five extractions will 
generally suffice. The ethereal solutions as they 
are pipetted off are successively washed by 
vigorous shaking in a second stoppered tube with 
| 5 c.c. water to which a few drops of dilute 
| sulphuric acid have been added. The ether on 
evaporation may yield an oily residue which may 
| be reserved for further examination and for 
physiological tests. But the acid liquid sub¬ 
jected to ethereal extraction will still contain 
nearly all the alkaloids, as the acid salts of these 
are mostly practically insoluble in ether; but the 
salts of some of tho alkaloids being perceptibly 
soluble in ether may be met with in the ‘acid- 
ether ’ extract. The acid aqueous solution, and 
the acidulated water with which the ether has 
been washed, are mixed, alkaliscd with sodium 
carbonate, and again cxhausteiWourov five times 
as before with wasljpd ether; only in this case 
the first exhaustion is made with a mixture of 
1 vol. chloroform and 3 vol. ether, and the final ex¬ 
tractions with ether alone. These successive 
ethereal extracts aro washed in a tube by shaking 
anew with 5 c.c. water* They are thfti trans¬ 
ferred to a third and finally to a fourth tube, the 
first containing 10 c.c. water acidulated with a 
few drops of sulphuric acid, and the last contain¬ 
ing 5 c.c. water alone, and agitated. Bg these 
operations the alkaloids are first liberated from 
their salts by the alkali, then transferred to tha 
ether-chloroform in whioh they are soluble; then 
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again converted into sulphates, which, being aoid—abbut9 p.e.l>y volume of the acid. liquid! 
Insoluble in ether and chloroform, again pasa into are acidulated with the same proportion of acid, 
the acid solutions, immmtiea being left behind in The digestion is continued for* everal hours, 
the ether. We have now again the alkaloids in and the mixture is then pressed, and filtered, 
acid solution, but in a Wch purer state than The operation of extraction with dilute sulphuric 
before. The acid liquid and the final wash- acid is repeated two or three times, 100 o.c. of 
water are mixed, washed with a little ether onoe liquid being a convenient quantity for each ex- 
or twice, then re-alkal^sed with sodium carbonate, traction. The mixed filtrates, containing the 
and well re-extracted with chloroform-ether and alkaloids, are partially neutralised with magnesia, 
ether. These ethereal solutions are washed with and carefully evaporated to a syrup at a temper- 
water barely alkalised with sodium carbonate, ature much below 100°; but never to dryness, 
then filtered through a dry filter, and evaporated It is cortain that in this operation some alkaloids 
to dryness in the oven below 35° in tared glass may be destroyed, and it is also asserted that 
basins about eight ccntim. in diameter. Once basic bodies are formed by the decomposition of 
dry, the residue may be transferred for a few the albuminoids. A useful modification (L. 
minutes to the water-oven, dried at 100°, and Brieger, op. cit.) is to partially neutralise the 
weighed after cooling over sulphuric acid. This liquid from time to time during the course of the 
weight fairly represents that of the alkaloids, evaporation, so that it is never more than very 
It is well before evaporating the bulk of the slightly acid in its reaction to litmus. The 
solution to evaporate a few o.c. only; if an syrupy residue from the evaporation is mixed 
oily odorous residue be left the presence of a with three or four times its volume of rectified 
volatile alkaloid is indicated; the evaporation methylated spirit of wine, and a few drops of 
is then modified by mixing the ether-chloroform • sulphuric acid, and allowed to digest at about 
with so much ether previously acidulated by \ 30° for twenty-four hours. The insoluble matter 
agitation with a strong solution of hydrochloric ' is separated by filtration and washed with spirit, 
acid as is necessary to render it acid. In this j and the filtrate and washings arc distilled in a 
case it is not the free alkaloids, but their non- ' retort so as to recover the alcohol. The aqueous 
volatile hydrochlorides which are left and ; residue in the retort is diluted with water to 50 c.c., 
weighed. The residue may therefore be dissolved ! filtered, and introduced into a stoppered tube 
in water and subjected to appropriate tests— | and exhausted successively with petroleum ether, 
first for the alkaloids generally (vide ante), and \ benzene, and chloroform, 20-30 c.e. of each at a 
secondly specifically for the volatile alkaloids. | time, in the manner in which exhaustions are 
But if the solid free alkaloid has been obtained : mado with ether in Stas’s process. The aqueous 
it must first bo converted into a hydrochloride solution is then made alkaline with ammonia, 
by moistening it with a very slight excess of very and again exhausted successively with petro- 
dilute hydrochloric acid, and evaporating to dry- leum-spirit, benzene, chloroform, and amyl- 
ness in vacuo over sulphuric acid. The residue . alcohol. On evaporation of the respective 
may then be dissolved in water and subjected (o solvents (consult wlmt has been said under 
tests, which may be obtained from the ethereal Stas’s process as to volatile alkaloids) alkaloidal 
extract either before or after conversion into residues arc obtained, which when taken up with 
hydrochloride and solution of this in water. i water, either with or without previous conver- 
Morphine is practically insoluble in ether sion into hydrochlorides as necessity demands, 
except immediately after ppn. from its solutions, may be submitted to appropriate tests for the 
hence if this alkaloid were present in the matters : alkaloids, and sp&ially for the various suspected 
submitted to examination, but little of it would alkaloids. 

be removed by the chloroform and ether, more Among the commoner alkaloids, and poisonous 
especially if, as is advisable,-the agitation with j neutral substances:— 

these solvents was not executed immediately j Petroleum ether removes from the acid 

after ihe addition of sodium carbonate. In order aqueous solution: —some piperinc, resins such 

to obtain the morphine, the first alkalised solu- • as capsicin, camphor, and phenol, 

lion from which the other alkaloids have been : Benzene further removes from the acid 

. removed must be re-extracted a few times with j solution:— more piperine, caffeine, colchicine, 
a well-washed mixture of equal volumes of acetic ; santonin, digitalin, cubebin, coloeynthin, uloetin, 
ether and ethyl ether, which is preferable to [ picric acid, elaterin, and cantharidin. 
amyl-alcohol, and in which mixture morphine is ! Chloroform, again, removes from the acid 
. soluble. The mixed ethers are washed with a aqueous solution: — cinchonine, theobromine, 
little water, filtered through a dry filter, and j papaverine, narceine, jervine, more digitalin, 
evaporated just^as the chloroform-ether was picrotoxin, smilacin, andacuegin. 
evaporated for the other alkaloids. The residue On rendering the solution alkaline with 
is usually not pure raorplflne, as acetic ether ammonia:— 

takes up other non-alkaloida! bodies, but these Petroleum spirit removes from the alkaline 
• do no* usually interfere with the morphine solution:— strychnine, brucine, quinine, vera- 
reactions. trine, aconitine, emetine, and the volatile 

# O. Bragendorff ( Qerichtl . chem. Ermit. v. alkaloids coniine, nicotine, lobeline, and trime- 
Qift., 1870, p. 141) has ‘devised a process which thylamine (from putrefaction), the pimento- 
proceeds upon the same general lines as that alkaloid, and aniline. If tho presence of aco* 
of Stas, but is much more elaborate. It re- nitine or emetine be suspected, tho operation 
quires, moreover, a higher temperature for the must be performed quickly, since thesosalkaioidi 
prelimfhary evaporation. The finely divided rapidly decompose in alkaline solutions, 
substance, if solid, is digested for several hours Benzendjurther removes from th* alkaline 
at a temperature of 40°-50° with dilute sulphurio solution ^tropine, hyoscyamine, physostig* 
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tpine (c«erine),theW[Q©, oodelne; narcotine, and bases extracted by means o! strong alcohol, 
additional quantities of strychnine, bruoine, The filtered alooholio solution often yields on 
quinine, oinclfbnine, veratrine, aconitine, and evaporation the alkaloids in a sufficient state of 
emetine. purity to admit of their being weighed, con- 

Chloroform , again, removes from the alkaline verted into hydrochlofides, and submitted to 
solution some morphine, and additional qijm- tests. Sometimes, however, they must be puri- 
tities of cinchonine, narceine, and papaverine. fied by re-solution and re-crystallisation from 
Amyl-alcohol finally removes from the alka- absolute alcohol, ether, chloroform, &o. 
line solution : —morphine, narceine, and some The method of Tflsfiir afld Erdmann (A 120, 
neutral bodies, such as salicin. 121) is not much employed in this country, the 

Not all the substances enumerated above are evaporation of amyl alcohol being a disagreeable 
poisonous; but they are bodies that may be operation; but it is nevertheless a valuable process 
present in medicinal mixtures, and hence are for the separating of strychnine and morphine, 
likely to come under the notice of tho toxico- It is practised as follows:— The suspected matter* 
logist in forensic analyses. if solid, is made into thin paste with water, 

Selmi proposed another method of extract- slightly acidulated with hydrochloric acid, and 
ing the poisonous alkaloids, and applied it to digested at a temperature of 70° for an hour or 
the extraction of the ptomaines (O. 6, 153; two. It is then strained through a moist piece of 
C. J. 31, 93). The viscera are exhausted with cambric, and the solid residue on tho cloth is 
alcohol and dilute sulphuric acid. This acidi- well exhausted with hot very dilute hydrochloric 
fied alcoholic extract is filtered and evaporated acid. The combined liquids after filtration are 
at a temperature of 65°, again filtered, and made slightly alkaline with ammonia, mixed 
evaporated to a syrup. The residue is taken with clean sand, and evaporated to dryness on 
up with water, filtered, the filtrate treated with the water-bath. The residue from the evapora- 
basic lead acetate, and tho mixture exposed tion is extracted three or four times with hot 
to the air for twenty-four hours. It is then J amyl alcohol and the mixed liquids are filtered, 
filtered, the excess of lead removed by hydrogen j Tho filtrate is shaken violently in a stoppered 
Bulphido gas, and the fillrato concentrated. 1 tube with several times its volume of hot water 
This is then repeatedly extracted with ether. ! acidulated witli hydrochloric acid, which removes 
The ethereal solution is then saturated with a i the alkaloids, leaving colouring matters and fat in 
stream of dry carbon dioxide gas, which gene- ; the alcohol. The alcohol is pipetted oil, and the- 
rally causes a pp. of droplets containing some ! hot acid solution is repeatedly washed by agita- 
of the alkaloids, and adherent to the side of ' tion with fresh portions of amyl alcohol until all 
the vessel. The ethereal solution is poured j fat and colouring matter is removed, after which 
off, mixed with about half its volume of water, j tho clear aqueous liquid is concentrated by 
and a current of carbon dioxide is again passed evaporation, made alkaline with ammonia, and 
for twenty minutes, which may cause tho ppn. ; well shaken with fresh hot amyl alcohol four or 
of other alkaloids not ppd. by dry carbon j five times. These alcoholic liquids are mixed,, 
dioxide. Usually the whole of tho alkaloids are j filtered through a filter moistened with amyl 
thrown down by tlieso means, but if not, tho ; alcohol to remove water, and evaporated in a 
ethereal solution is dehydrated by shaking with ; larcd basin, when the alkaloids will bo left in a 
barium oxide, and then a solution of tartaric j sufficiently pure condition to be dissolved and 
acid in other is added to the clear liquid, taking tested, previous to which they should be weighed, 
care not to employ an excess of acid; any Occasionally a coloured residue is obtained whioh 
alkaloid that may remain in solution is thus ; requires re-solution in aqueous acid, agitation 
thrown down. As a matter of precaution, the j with amyl alcohol, alkalisation with ammonia, 
remains of the viscera or other matters operated ; and re-extraction with amyl alcohol, in order to 
on are mixed with barium hydrate and a little j obtain the alkaloids in a sufficiently pure state 
water, and agitated with pure amyl alcohol. 1 for testing. With morphine the process, though 
The alkaloids may then be extracted from tlio j tedious, works well. 

alcohol by shaking it in a stoppered tube with j Seheibler’s process is based upon theprecipita- 
very diluto sulphuric acid. j tion of the alkaloids by phosphotungstie acid, a 

Sonnenscliein (A. 104, 45) separates the alka- reagent prepared by treating sodium tungstate 
loids by ppn. with phosphomoivbdic acid. In j in solution with half its weight of phosphoric 
extracting tho bases, tho organic matter to be i acid, when crystals of phosphotungstie acid 
examined is repeatedly exhausted with very j slowly form. These are dissolved, and the pro* 
dilute hydrochloric acid, tho mixed solutions | ccss in detail is carried on in the same manner 
filtered, and the filtrat#evapomted in the oven at j as Sonncmschein’sphosphomol jJjdic acid process*, 
a temperature not exceeding 35° to a thin syrup; ! substituting the phosphotungstie for the phospho- 
then diluted with water, cooled, and filtered. | molybdic solution a precipitant. It is some- 
An excess of phospho-molybdic, acid is added to times recommended to precede the ppn. of the 
the filtrate, and the pp. is washed with water con- alkaloid by the addition of load acetate to eemove 
tainieg nitric and phosphomolybdie acids. The colouring matter, and then to remove the excess 
'Still moist pp. is washed into a flask, made of lead by hydrogen sulphide; but soir* of the 
distinctly alkaline by the addition of barium alkaloid present is apt to be removed with the* 
hydrate, and distilled into a bulb apparatus lead pps. Nor should animal charcoal be used 
charged with hydrochloric acid, which absorbs as a decolorant, as this is still more effective in 
ammonia and the volatile bases. The residue withdrawing the alkaloids from solution. In¬ 
in the flask, containing the non-volatile bases, deed tho obstinacy with which the alkaloid* 
U freed from barium hydrate by a current of adhere to animal charcoal has been utilised by 
carbon dioxide, evaporated to dryness, and tho Or all am, Hofmann, and Redwood as a means w 
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separating etryehnine from beei and other 
liquids (O. J. 5,173). 

The following schepe serves for the detection 
of the more commonly occurring poisonous 
alkaloids. The alkaloids are brought into 
aoid aqueous solution, and this is shaken with 
ether 

I. The ether withip-atv^from the acid aqueous 
solution, and leaves on evaporation: 

I. Colchicine .—Its solution is yellow, and is 
turned to a violet colour by strong nitric acid. 
Its solution in HClAq, when made alkaline with 
caustic soda, develops an orange-red colour. 

i. Digitalin.— When dissolved in cone. II^SO, 
and a minute quantity of bromine water is 
added, a reddish-violet tint is produced, which, 
«n the addition of water changes to a green. 

3. Picrotoxin.— Reduces I'ehling's solution. 

The solution is made alkaline with sodium 
bicarbonate, and again shaken witli ether. 

II. Ether removes from the alkaline solution, 
and leaves on evaporation : 

1. Nicotine.— Oily droplets, having a tobacco¬ 
like odour. Its aqueous solution is not ppd. by : 
■chlorine water, nor does it become coloured when 
wanned. Warmed with hydrochloric acid the 
alkaloid becomes violet, and then on the addition 
■of nitric acid orange-coloured. 

2. Coniine. —Oily droplets having a mouse¬ 
like odour. Ilsaqueous solution is ppd. by chlorine 
water, and becomes coloured when warmed. Dry 
hydrochloric acid gas turns the alkaloid at first 
red, and then to a violet colour. 

3. Lobeline.— Oily droplets yielding no very j 
definite chemical reactions. 

4. Brucine .—Turned rosy-red by strong sul¬ 
phuric acid not quite free from oxides of nitro¬ 
gen. The alkaloid is reddened by strong nitric 
acid, and the red solution changes to a bluish 
violet on the addition of a solution of stannous 
■chloride. 

6 . Strychnine. —No coloration on the addi¬ 
tion of strong H,SO,. On the further addition 
«t solid potassium dichromate, MnO.,, or PbO.., 
a violet-blue coloration is immediately produced, 
passing gradually into a cherry-red, the colour 
only slowly disappearing. 

6 . Narcotine, it become first yellow, then 
bluish-violet when warmed with strong sulphuric 
acid. Its solution in strong H.SO, becomes 
Ted on the addition of a trace of nitric acid. 
Unlphomolybdic acid turns the alkaloid green. 

7. Vierafrme.—With strong sulphuric acid it 
becomes yellow, orange, and finally cherry-red. 
Its solution in cold concentrated hydrochloric 
acid is colourless, hut gradually changes to a 
deep red when boiled. 

8 . Jervine. i'he salts of this alkaloid, except 
the acetate and phosphate arg only very sparingly 
soluble in water and acid solutions. Its solution 
in acetic acid is ppd. by nitric acid and by 
potassfiim nitrate. 

9. Atropine.- An odour of hawthorn is deve¬ 
loped wflen the alkaloid, is warmed with strong 
sulphuric acid and potassium dichromate; and 
the solution becomes green from reduction of 
chromic acid. Evaporated to dryness with 
fmninfjnitric acid, and the residue tonchod with 
an alcoholic solution of potash, a fine purple 
colour is produced. 

10. Aconitine can only be identified by its 


physiological properties. The chemical testa tot 
pure aconitine are not characterise. 

11 . Oelsemine .—With strong sulphurio acid 
and potassium dicliromate, a reddish-purple ot 
cherry-red colour is developed, quickly passing 
int# bluish-green or blue. 

12. Physostigmine. —Its solutions, whether 
acid or alkaline, become reddish on exposure, and 
this colour is discharged by sulphurous acid and 
the thiosulphates. Treated with sulphuric acid 
and bromine-water, it yields a brown-red colour. 

III. There remain in the alkaline aqueout 
solution :— 

Morphine, curarine, and cytisine. The first 
may bo separated by shaking with acetio ether, 
and is identified by the usual tests—nitrio acid, 
ferrio chloride, iodio acid and starch, and sul- 
phomolybdic acid. Curarine may he ppd. by 
phosphomolybdie acid after acidification with 
nitric acid. The pp. is decomposed by barium 
hydrate, and the alkaloid extracted by absolute 
alcohol {». Sonnenschcin's process, ante ); it 
gives a reddish colour with sulphurio acid, and 
reacts somewhat like strychnino with sulphurio 
acid and potassium dichromate. Curarine, how¬ 
ever, is not precipitated from its solutions by 
potassium dichromate. 

Cytisine yields no definite chemical reactions. 


The following are the chief trustworthy tests 
for the more commonly occurring poisonous 
alkaloids, &c .:— 

Aconitine .—This alkaloid, as well as the 
closely allied alkaloids pseud-aconitine and japa- 
conitine, when pure, yield no characteristic 
chemical reactions. The colour reactions with 
sulphuric and phosphorio acids that have been. 
described by authors are untrustworthy, and 
duo to impurities. 

Apomorphine.—lts salts turn green on ex¬ 
posure to light and air, and its solutions on 
boiling. With sodium bicarbonate its solutions 
yield a pp. which turns green on standing, 
and forms with eftier a purple, and with chloro- 
j form a violet, solution. Its solutions strike 
a red colour with ferrio chloride and with nitrio 
acid. 

Atropine .—When warmed with strong sul¬ 
phuric acid— or, more quickly, when evaporated 
to dryness with baryta-water, and the residue 
heated—an odour of stale hawthorn flowers is 
developed. 

Brucine— It is turned ot a blood-red colour 
by nitric acid; and tho red solution becomes 
violet on the cautious addition of a solution of 
stannous chloride. It yields an orange-red with 
sulphomolybdie acid; and with sulphurio acid 
and potassium dichromtfte a deep orange-red 
colour. 

Caffeine .—Crystallises in silky needles. Eva¬ 
porated to (Jtyness with dilute hydrochloric acid 
and a fragment of potassium chlorate, a pink 
residue is left, which turns violet on tho addition 
of ammonia. 

Cinchonine .—It is difficult to get any charac¬ 
teristic reaction for this base. Its sulphate il 
soluble in chloroform, and is non-fluorescont— 
character which distinguish it from qtinino. 

Cocaine .— Is not coloured by concentrated 
acids. When evaporated to dryness with aloo- 
hoHo potash, the residue when warmed with 
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dilate sulphuric acid evolves an aromatic odour 
of benzoic acid* 

Colchicine. — Nitric acid strikes a violet 
oolour, which on the addition of sodium hydrate 
ohanges to a fine orange. Strong sulphuric acid 
dissolves the alkaloid to a greenish yelliw 
oolour, and on the addition of a drop of dilute 
nitric acid a play of colours, beginning with 
violet, is manifested. The subsequent addition 
of caustic soda yields a fine rose tint. 

Coniine— Oily, and of a mousc-like odour. 
Its dilute aqueous solution fumes with strong 
hydrochloric acid, and after acidification gives 
no pp. with bromine-water until supersaturated 
with sodium hydrate, when a white pp. forms. 

Curarinc. — Is turned blue violet when 
touohed with sulphuric acid and potassium 
dichromate added; but the colour is more per¬ 
sistent than in the case of strychnine. 

Cytisine .—This alkaloid is insoluble in ether, 
benzene, chloroform, and carbon disulphide. It 
dissolves in sulphuric acid without colour, but 
the subsequent addition of nitric acid produces 
an orange coloration. Nitric acid dissolves 
cytisine without colour, but on warming the 
mixture becomes orange-red. 

Emetine is said to strike a blood-red colour 
with strong nitric acid, but the writer believes 
that this is due to impurities, and that tests for 
emetine are desiderata. 

Oelsemine .—Sulphuric acid and potassium 
dichromate produce an immediate but evanescent 
violet coloration, and the chromate is quickly 
reduced. The alkaloid is naturally associated 
with gelsemic acid, a substance which in alkaline 
solution fluoresces strongly, and is yellow by 
transmitted, blue by reflected light. 

Hyoscyamine .—No good chemical test for this 
alkaloid is known. 

Jervine .—The salts of this alkaloid, especially 
the acetate, are ppd. by nitric acid and by 
potassium nitrate. 

Morphine gives with nitric acid a deep red 
colour, not materially altered by the subsequent 
addition of stannous chloride. With sulphuric acid 
and potassium dichromato a green coloration 
is gradually developed. Ferric chloride gives a 
blue or blue-green coloration. It liberates 
iodine from iodic acid, and the mixture shaken 
with chloroform imparts a violet tint to this; 
but the brown colour is only deepened and 
altered in tint by ammonia. Sulphomolybdio 
acid gives an immediate purple coloration. 

Narcotine .—Uncoloured by Bulphurio acid, 
except this contains a trace of nitric acid, when 
a fine cherry-red colour is gradually developed, 
and is persistent. Itsjacidulated solution when 
warmed with bromine-water, added drop by drop, 
develops a purple or violet tint. 

Nicotine.— Oily, and having tl»e odour of 
tobacco. Freely soluble in water. Its acidu¬ 
lated solutions givo a copious pp. with bromine- 
water, and this pp. disappears when excess of 
sodium hydrate is added. 

Physostigminc. — Sulphurio acid gradually 
produces a reddish colour. Its solutions acquire 
a red colbur on standing, and at o^ce when 
treated with sodium hydrate and warmed, and 
on evaporation leave a bluiBh residue which on 
aeidulation affords a dichroio (red and blue) 


ablution, which becomes permanently red oo' 
standing. 

Pilocarpine affords no very characteristic 
chemical reactions. Witlf sulphuric acid and 
potassium dichromate t green colour, due to 
reduction, is developed. 

Pipcrine has the pungent fragrant odour of 
pepper. It is turned of a deep red colour by 
sulphuric, and of an oAngc^Jolour by nitric acid. 

Quinine.— Its solution in sulphuric acid ia 
fluorescent. Treated with bromine-water and 
then excess of ammonia added, an emerald 
green coloration iB produced. 

Salicin. — A neutral glucoside. It is not 
withdrawn from its acid or alkaline solutions by 
ether, benzene, or chloroform, and hence is 
not obtained in the ordinary processes for the 
separation of the alkaloids. It is turned of a 
cherry-red colour by sulphuric acid, and then on 
the addition of potassium dichromate an odour 
of meadow-sweet is evolved. Fused and par¬ 
tially sublimed in a test-tube, and then dissolved 
in water, ferric chloride strikes a violet colour. 

Strychnine. —Sulphuric acid gives no colour 
till potassium dichromato, >In0 2 , Pb0 2 , or 
ferricyanide of potassium is added, when im¬ 
mediately a fine blue-violet colour is produced 
which gradually passes into reddish-violet, red, 
and finally cherry-red. Evaporated to drynesa 
with fuming nitric acid, and the residue 
moistened with alcoholic potash a deep orange 
colour is produced. 

Veratrinc. —Touched with strong sulphuric 
acid, this alkaloid gradually develops a fine 
red colour, or immediately on warming. Its 
solution in cold strong hydrochloric acid is 
colourless, but becomes intensely red on boiling. 

T. S. 

ALKAMINES, alcamincs, alkinrs, or alcines. 
Names used by Ladeuburg to denolo substances 
that contain both alcoholic hydroxyl and amido- 
gen, such as oxy-ethyl-amine, C 2 H 4 (OH).NH r 

ALKANET. The commercial name of two 
different plants. True alkanet is Lawsonia 
inermis, false alkanet is Anchusa tinctoria. The 
leaves of Lawsonia contain a yellow dye, its 
roots contain a red pigment, used as a cosmetic. 
The root of Anchusa ( Orcanncttc , Radix Al¬ 
canna spuria) contains anchusin. 

Anchusin or Alkannin C. iy H 40 O 8 (Bolley a. 
Wydler, A. G2, 141) or C„II, 0 O 4 (Pelletier, A. 
G, 27) or C, s H, 4 0 4 (Camclutti a. Nasini, 0. 1880, 
283 ; B. 13, 1514). Obtained by extracting the 
root of Anchusa tinctoria with petroleum; the 
crude product is ^eated with dilute potash, the 
filtrate is shaken with ether, and the alkannin is 
ppd. by a current of CO s . It is a brownish-red 
mass with a metallic lustre; qpl. ether, ohloro- 
form, and acetic acid, si. sol. alcohol. Soften* 
below 100°. Alcoholic solutions give with 
baryta-water a blue pp. of a barium compound. 
NaOAc and Ac.X) produce a crystalline diacetyl 
derivative : C,jH 12 Ac 2 0 4 (?). Nitric acid forms 
oxalic and succinic acids. Alkannin appears to- 
bo allied to santalin. An alcoholic solution of 
alkannin dyes cotton mordanted with alum, 
violet; iron mordants give a grey colour. Turned 
blue by alkalis, especially ammonia (BGttger, J. 
pr. 107, 46; Enz, J. 1870, 935). Altannin, 
unlike rosaniline, is not abstracted by cubes of 
gelatin from its solution. Its absorption-spec- 
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train ahowa S bands, dividing the spectrum 
between D and the blue strontium lme into 
i equal parts. On Ridding ammonia the red 
solution turns blue, now showing 2 bands, one 
at D,"the other in the rdl, two-thirds of the way 
towards the lithium lino (A. Dupr6, C. J. 87,672). 

ALKARSIN. Name given by Bunson to 
cacodyl or arsenic di,mctyde iq. u.), C.H,As, as 
being empirically alcohol in which 0 has been 
displaced by As (A. 24, 271). 

ALKYL. An alcohol radiole. 

ALKOYL. An acid radicle. 

ALLANIC ACID C J II 5 N,0 5 Aq. 

Formed, together with urea and allanturio 
acid by the action of nitric acid in the cold on 
allantoin (E. Mulder, A. 159, 353). Stellate 
needles (from water). SI. sol. cold water. De¬ 
composes at 210°-220° without melting. Does 
not give off gas with HN0 S containing N.O,. 
Gives no pp. with CaCLAq and NH,Aq. Gives 
pps. with AgN0 3 Aq and NII,Aq, and witli basic 
lead acetate, but not with neutral lead acetate. 

Salts. —NH,A': prisms.—HO.Pb.A': ppd. by 
basio lead acetate.—2PbA' 3 5Pb(OH) s —AgA'aq: 
amorphous pp. 

ALLANTOIC ACID 

0,H,N,0,i.c.NH...CO.NH.CIl(CO.H).NH.CO.Nir 2 
A solution of allantoin in aqueous potash which 
has stood for some days, no longer gives a pp. 
with acetic acid, even after some time; but if 
a little alcohol be also added, and the liquid be 
left in an exsiccator over lime, crystalline 
potassic allantoate, KA', separates (E. Mulder, 
A. 169, 3C2 ; Schlieper, A. 07,231; Ponomarew, 
J. if. 11, 13). The solution of potassic allan- 
toate gives crystalline pps. with Pb(OAc) 2 and 
AgNO„ but not with BaCL Ba01 2 and alcohol 
give a hygroscopic curdy pp. 

Salt s.—N H 4 A'—NaA' aq.—KA'.—BaA' 2 2aq. 
—PbA' 2 aq.—AgA'. 

ALLANTOIN C,H r N ( 0, i.t. 

-Nil. CO 

CO< | 

'NH.CH.NH.CO.NH, 

-NH.CH(OH) 
orCO< | 

\NH.C:N.C0.NII 2 

Mol. w. 158. S. -02 at 20°; 3-3 at 100°. 

, Occurrence.— In the allantoic liquid of the 
cow (Lassnigne, A. Ch. [2] 17, 301; compare 
Vauquelin, A. Ch. 33, 269). In urine of sucking 
calves (Wohler, A. 70, 229). Occasionally in 
urine of dogs (Salkowski, B. 9, 721; 11, 500; 
Meissner a. Jolly, Z. 1805,131). In the young 
leaf-buds of the plane and maple, and in the 
bark of the horse-chestnut treo (E. Schulze, B. 
14,1602; J. pr.A'A'i, 147 ; II. 9, 425). Iu wheat, 
io the amount of '5 p.c. of Dio embryo (Bichard- 
son a. Crampton, B. 19,1181). 

Formation— 1. By treating uric acid with 
boiling water and Pb0 2 (Liebig a. Wohler, A. 
26, 214; E. Mulder, A. 159, 349), with KOH 
and pofessic ferricyaniije (Schlieper, A. 67,216), 
or With KMnO, (Claus, B. 7, 227).—2. By heat¬ 
ing glyoxylic acid (1 pt.) with urea (2 pts.) eight 
hours at 100° (Grimaux, C. R. 83, 62).—3. By 
the aqjion of nitrous acid on dialurio acid (Gibbs, 
A. Suppl. 7, 337).—4. By heating mesoxalio 
•eld with urea at 110 3 (Miohael, Am. 5,198). 

Properties. — Glassy monoclinic prisms 


g lanber, A. 11, 68). Tasteless. Neutral, 
eadiiy soluble in aloohol. , 

Reactions.—1. Dry distillation give* am¬ 
monia carbonate and cyanide, and charcoal.—2. 
Gently heated with hydrochloric or nitric acid 
it »gives urea and allanturio acid.—3. Hot 
sulphuric acid forms CO., CO, and NH,.—4. 
Boiled with baryta-water, C0 2 , NH„ oxalio acid, 
and hydantoi'n are got (Baeyer, A. 130, 161).— 
6. Hot cono. potash forms C0 2 , NH 3 , oxalio acid, 
and acetio acid.—6. Cold potash slowly forms 
allantoic acid (q. v.). —7. Nitric acid of S.G. 1*35 
forms, on boiling, allanio acid {a. «.).—8. 
Potassicferricyanide and KOH form allantoxanio 
acid (Mulder, B. 8,1291).—9. Sodium amalgam 
forms glycoluril, C 4 H„N 4 0 2 (Streckera.Bheinecfc, 
A. 131, 119).—10. Ilydric iodide reduces it to 
urea, and hydantoin or glycolyl-urea (Baeyer, A. 
117,178). 

Tests— 1. A cono. solution of furfural, to 
which a little HC1 has been added, gives a violet 
colour with an aqueous solution of allantoin 
(Scliiff, B. 10, 771).—2. Mercurio nitrate (but 
not chloride) gives a pp., as with urea. 100 g. 
of dry allantoin require 172 g. of merourio oxide. 
The pp. is (C 4 H 5 N,0,),5HgO. 

Compounds with Bases.—These arc 
formed by boiling aqueous solutions of allan¬ 
toin with metallic oxides. They are sparingly 
soluble (Limpricht, A. 88, 94).— 

(C 4 H t N 4 0 3 ).,Cd0.-C t H,NAZn0.— 

(0 ( H 8 N ( 0 J )„5HgO.-(C 1 H s N < 0 2 ) J 2HgO— 

(C,H 8 N,0 J ) t 3Pb0.-(C 1 H 8 N 4 0 2 ),Cu0. 

The following are described as true salts: 
AgC 4 HjN,O s , got as a pp. by ammoniacal AgNO,. 
—KC,H s N 4 0,: from allantoin, KOHAq, and 
alcohol, in exsiccator. 

Nitrate C 4 H s N 4 0 3 HN0,. Amorphous. De¬ 
composed by water or alcohol into HNO, and 
allantoin. 

Constitution— The constitutional formulas 
given above are chiefly based upon Formation 
2 and Reaction If). 

ALLANT0XA1DIN 

-NH.CO 

CANA aq i.e. CO< | aq. 

'NH.C:NH 

When allantoxanio acid is liberated from its 
salts, it at once splits up into C0 2 and this body 
(Ponomarew, J. It. 11, 47). Glittering prisms or 
tables. V. sol. boiling water, si. sol. cold water 
or alcohol, nsol. e ther. Decomposed by heat, 
giving off HCN, HCNO, and NH r Acid reaction. 
Boiled with water, or treated with cold Na,C0 4 Aq, 
it splits up into formic acid and biuret. 

8 a 11 s.—K A': ppd. by alcohol.—AgA'. 
ALLANTOXANIO ACID C,H,N,0 4 U 
.NH.CO 

co< i 

\NH.C:N.C0 2 H 

Formation. —1. Allantoin dissolved in aque¬ 
ous KOH is treated with potassio ferricyanide 
until the colour ia permanent. Acetic acid it 
then added, when 0 4 H,KN,0 4 * 8 ppd- (Van 
Embden, A. 167, 39).—2. From allantoin, KOH! 
and KMnO, (Mulder, B. 8, 1292; Ponomarew, 
J. R. 11, 19).—3. From oxalyl-di-urelde and 
aqueous potash (P. B. 18, 982). 

Properties— The acid, liberated from its lead 
•alt by H,S, splits up into allantoxaidinand CO,, 
Salts.-^NH,A': needles. —(NHJ,C 4 HN,O r 
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-■Si': lilky needles 8. -86. Boiled with water, 
ft gives COo bimet, and formic acid. Beduoed 
by eodittm-arfalgam to hydroionio acid.— 
K,0 4 HN,0 4 aq: v. sol. water, insoluble in dry 
alcohol. -BafOjH.NjO,), 6aq. — 13aC,HN,0,2aq. 
—PW0 1 H,N,0 4 ). j liaq: very thin needles*— 
Pb0 4 HN,0 4 . — Af’C,H ! N,0 4 : crystalline pp. — 
■*8.0 4 HN s 0 4 : gelatinous. 

Ethyl ether C 4 H,EtN a O,: from AgA' anil EtI. 

ALLANTURIC ACID C s H 4 N,O s 
yNH.CO Olyoxyl-urea. 

CCK | 

\NH.CII(OH) 

Fomiation. —1. By boiling allantoin with 
HNOg, HC1 or Pb0 2 or heating with water at 
140° (Pelouze, A. Ch. [3] 6, 71; Mulder, A. 159, 
359).—2. Formed, together with glycoluril and 
urea, by action of sodium-amalgam on allantoin 
(Reinecke, A. 134, 220).—3. By boiling allantoic 
acid or alioxanic acid with water (Ponomarew, 
J. R. 11, 15; Schlieper, A. 50, 5).-4. By 
oxidation of hydantoin (Baeyer, A. 117, 179; 
130, 160).—5. By boiling uroxanic acid with 
water (Medicus, B. 9, 1162; Ponomarew, B. 11, 
2155). 

Properties. —A deliquescent gummy mass. 
Insol. alcohol. Boiling potash forms CO s , NH„ 
acetio acid, and oxalic acid (Medicus, B. 10, 541). 
-Salts. These are amorphous.- KA'HA' 2aq. 
8. 10.—BaA'. 3aq. 

ALLENE. Name sometimes used instead of 
Allylene. 

ALLITURIC ACID C e H 8 N 4 0 4 . I 

S. 5 or G at 100°. Obtained from an aqueous ! 
solution of alloxantin, mixed with HOI, by 
rapidly evaporating to a small bulk, and treating 
# the resulting powder with HN0 3 which dissolves 
alloxantin but not allituric acid. The latter 
crystallises from water as a bulky yellowish- 
white powder (Schlieper, A. 56, 20). Not at¬ 
tacked by cone. Il2S0 4 or HNO s . Evolves NH, 
when boiled with KOH. 

ALLO.— A prefix proposed by Michael (B. 19, 
1378) to denote unexplained isomerism; thus 
fumaric acid would be called allo-maleic acid. 

ALLOCAFFElNE C„H,NjO.. 

[X9G°]. (E. Fischer, A. 215,27C). 

Formation. —1. Obtained by action of water 
on the unstable product of addition of bromine 
to caffeine methylo-hydroxide.-2. One of the 
products of action of HC1 and KC10 3 on caileino 
methylo-hydroxido (Schmidt a. Schilling, A. 
228 f 162). 

Small white triraetric crystals, a:b:e = 
•6953:1; ’5401, soluble in benzene, chloroform, 
and hot water, nearly insoluble in cold water, 
sparingly in alcohol or ether. 

Reactions.— 1. Decomposed by boilint) water 
into C0 2 and methyl-caffuric acid. Allocaffeine 
is therefore probably methyl-apocaffeine.—2. 
HNO s (S.G. 1*2) gives cholestrophajie, methyl- 
amine, and C0 2 .—3. HC1 and KCIO, form di¬ 
methyl-alloxan, amalio acid, cholestrophane, 
methylaminc, and C0 2 ,—4. Bromine appears to 
form an addition produot, but it is decomposed 
by water into allooaffeine, oholestrophane, and 
methylamino hydrobromide.—5. Boiling baryta 
forms sawosine, formic acid, and C0 3 . 

OonsftJttfion.—Inasmuch as it Splits off 
NMeEL in reactions where caffeine splits off 
Nft, the Me (and consequently OIJ also) must 


m 

lie attached to nitrogen, the formula being 
either: 

MeN—CEt MeN-CO 

I a < i i 

OC C-NMe or# OC O—NMe 
I I >CO | II >CH 

McN—C = NMc.OH MeN —G—NMe.OH 

(after Fischer) (after L. Medicus). 

ALLOPHANIC ACID 04I 4 N 2 0 3 

1. e. NH 2 .C0.NH.C0 2 H Urea v-carboxylic acid. 
The free acid splits up at once into C0 2 and 
urea. Its ethers arc formed by passing vapour 
of cyanic acid into alcohols: 2CONH + HOEt* 
NIL.C0 2 Et + CONH - NH,.CO.NH.G0 2 Et. The 
ethers are sparingly soluble crystalline solids. 

Salts.—BaA' 2 : obtained from the ether by 
cold baryta-water (Liebig a. Wohler, A. 59, 291). 
When boiled with water it gives off C0 2 , deposits 
BaCO a , and urea is left in solution. Dry dis¬ 
tillation produces basic cyanate, NH 3 , and CO r 
It gives no pp. with AgNO s — Salts of Ca, K,and 
Na have been prepared. 

Methyl allophanate NH 2 .C0.NH.C0 2 Me 
(Richardson, A. 23, 138). 

Ethyl allophanate EtA'. [191°]. 1. From 
alcohol and the vapour of oyanic acid (L. a. W.). 

2. From ClC0 2 Et and urea (Wilm a. Wischin, 
Z. [2J 4, 5).—3. Together with oxamide and 
alcohol by heating urea with oxalic ether at 
135°-170° (Grabowski, A. 134, 115).—4. From 
potassio cyanate, alcohol, and chloro-acetic ether 
(Saytzeff, A. 135, 230) or chloroformic ether, 
ClC0 2 Et (Wilm, A. 192,244).—5. From potassio 
cyanate, alcohol, and IIC1 (Amato, G. 3, 469). 
Small needles. Tasteless. SI. sol. cold water, 
more soluble in alcohol. V. si. sol. cold ether 
(difference from carbamio ether). At 190° it 
slowly changes to alcohol and cyanuvio acid. 
Alcohol at 160° converts it into carbamic ether; 

NII 2 .CO.NH.C0 2 Kt + IIOEt = 2NH 2 C0 2 Et (Hof¬ 
mann, B. 4, 268). 

Acetyl derivative, NHAc.CO.NH.COjEt, 
[107% Silky needles (from alcohol) (Seidel, J.pr. 
[2] 32, 273). 

Benzoyl derivativeNHBz.CO.NH.COaEt, 
[163°]. Together with alcohol, IIC1, and CO t 
from benzoyl chloride and urethane (Kretsch¬ 
mer, B. 8, 104). 

Propyl allophanate PrA'. [150°-160°]. 
(Cahours, J. 1874,834). 

Amyl allophanate C : H n A'. [102°]. From 
cyanic acid and amyl alcohol (Schlieper, A. 59,23). 
From amyl alcohol and urea (Hofmann, B. 4,267). 
Unctuous pearly scales (from water). 

Ox ethyl allophanate HO.C 2 H 4 A'. [160°]. 
From glycol anil cyanic acid vapour. Shining 
laminre (from alcohol) (Baeyer, A. 114, 160). 

Di-oxy-propyl allophanate CjH^OH)^'. 
[160°]. From glycerin and clinic acid vapour 
(B.). Plates (from Alcohol). Sol. water. Heated 
with baryta-water, it forms BaCO„ urea, and 
glycerin. # 

Phcnyl-allophanatc PhA\ Cyanio acid 
vapour is passed into phenol; the product is 
dissolved in alcohol * and ppd. by ether. 
Slender orystals. At 150° it splits up into 
cyanio aoid' and phenol (Tuttle, J. 1857, 451). 

Propenyl-methoxy - phenyl-allopha¬ 
nate C,oH l4 N 2 0 4 i.e. » 

NH 2 .CO.NII.CO.O.O # H,(0>H 5 ).OCH,. 

From eugenol and oyanio aoid vapour (Baeyer. 
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4.114, 164). Needles. Insol. water. SL soL 
cold alcohol. 

Amide of allophanic acid 
NH 3 .CO.NH.CO.Nlf 2 *. Biuret. 

ALLOTROPY (othei^vise turned, otherwise 
formed, from &\\os = another, and Tp6*os= man¬ 
ner) denotes the appearance of one and the 
same substanoe in several different states, dis¬ 
tinguished from eaofc other by different proper¬ 
ties. The term was introduced by Berzelius in 
1840 ( J .. No. 20 for 1839, pt. ii. p. 13), because 
he held the term 1 isomerism ’ to be inadmissible 
where the subject of modification is an elemen¬ 
tary substance, isomeric states being traceable 
to different modes of combining equal numbers 
of atoms of the same elements. In the view of 
Berzelius, accordingly, the allotropic modifica¬ 
tions of the elements are not to bo explained by 
differences in the arrangement of their atoms, 
but he expressed no opinion whatever about 
their actual cause. Since, however, he indicated 
it as probable that even in compounds the ele¬ 
ments retain their allotropio states, and thereby 
often occasion isomeric forms of compounds 
(J. No. 23, p. 51; No. 24, p. 32), he appears to 
have been of opinion that the cause of the allo¬ 
tropio transformation is to be sought in a 
change in the atoms themselves. Now that we 
have learned to appreciate more correctly the 
doctrine of Avogadro, and so have become 
accustomed to consider the molecules of the 
majority of elements as particles composed, like 
those of compounds, of several atoms, the dis¬ 
tinction introduced by Berzelius between allo¬ 
tropy and isomerism has lost its original mean¬ 
ing. But the term allotropy has been retained, 
being used, however, with reference not to ele¬ 
ments only but also to compounds. Accordingly 
we distinguish between allotropy of elements and 
allotropy of compounds. The former, accord¬ 
ing to the modern use of the expression, embraces 
all the different forms in which an element ap¬ 
pears ; the latter only those cases in which, 
while the composition remains the same, there 
is a change in the physical, but none, or at any 
rate none of any consequence, in tho chemical, 
properties, thus apparently warranting tho as¬ 
sumption that there has been no change in tho 
linkage of the atoms by which, doubtless, chemi¬ 
cal behaviour is essentially determined. Allo¬ 
tropy of compounds is accordingly synonymous 
with physical, as opposed to chemical, isomerism. 
But since the two groups of properties are closely 
connected, and any change of tho physical is 
usually accompanied by a change, however 
small, of the chemical also, no sharp line is to be 
drawn between the two kinds of isomerism. 

On the other hand, the transformation of one 
allotropic ford? into another offers so many 
analogies to the transformation of one Btate of 
aggregation into another that, strictly speaking 
the three states of Aggregation of any substance 
should be described as three allotropic modifica¬ 
tions ftf it (Lehmann, Z.K. 1877.1,97). Hitherto, 
however, it has not been usual so to describo the 
states of aggregation, and, consequently, on this 
side also, the notion of allotropy is not to be 
defined with perfect exactness. The melting of 
ice, lor example, is a transformation of the 
lighter into the heavier modification of water, 
for the particles of* the lighter are still retained 


in the liquid state for some degrees above the 
melting point, and bring it' about that ths 
maximum of density appears net at 0° but et 
+ 4°. Something similar probably takes place 
in many, if not in all, other substances, only the 
difficulties of observation are greater. But as it 
ha* been observed that changes in the properties 
of a substance usually proceed differently and 
follow different laws according as the Bubstance 
is near to, or more remote from, its melting- 
point (no matter whether above or below it), we 
may conclude that immediately below the melt¬ 
ing point the solid substance already contains 
isolated portions of the liquid modification, and 
that above the melting point the liquid body 
still contains portions of the solid modification. 
But even if we do not account these changes of 
aggregation as instances of allotropy, the num¬ 
ber of cases of allotropy as yet known, while 
suffering a very important diminution, will still 
remain pretty considerable. 

I. Allotropy or the Elements. —Allotropy, 
taken in tho narrower sense, has hitherto been 
observed only in the non-metallic or semi- 
metallic elements. Among metals proper it has 
been found only as regards crystalline form, in 
which case it is usually known as dimorphism or 
polymorphism. Since, to the best of our present 
knowledge, the gaseous molecules of the metals 
consist of single atoms,' whilo those of the Bemi- 
metals and non-metals are composed of several 
atoms, the absence of allotropic modifications of 
the metals proper tells in favour of the present 
view, which is different from that of Berzelius, and 
is to the effeetthat allotropy of the elements, like 
isomerismofcompounds.dependson differencesin 
the mode of union of the atoms, and not on any 
changes in the atoms themselves. Polymor¬ 
phism, occurring as it does even lunong metals, 
may be explained by supposing that there are 
differences in the arrangements of the atoms as 
well as of the molecules, whilo tho existence of 
allotropic modifications in tho melted, the dis¬ 
solved, or the gi*>ified, state points to differences 
in tho constitution of the molecules, i.e. to dif¬ 
ferent modes of uniting the atoms to form mole¬ 
cules. 

The appearanco of allotropy seems to be 
favoured by smallness of atomic weight, for not 
unfrequontly in one and the same natural family 
allotropy shows itself only in the first members, 
while the members with higher atomic weights ex¬ 
hibit it either in some properties only or not at all. 
In the family of the halogens, F, Cl, Br, I, allo¬ 
tropy has not been observed, unless we consider 
as such the splitting of molecules at high tem¬ 
peratures into separate atoms (Victor Meyer). 
Hydrogen does not exfybit allotropy. On the 
other hand allotropy is found very notably in 
the first members of the oxygen-sulphur family. 
Ozone exhibits much more strongly marked 
chemical characters, and moreover a greater 
density, than oxygen. If the molocular weight 
of ordinary -oxygen is represented by 0 2 , that of 
ozone is probably O v ozone being thus a poly- 
meride of oxygen. Sulphur in each of its states 
of aggregation exhibits allotropio modifications, 
and these to some extent correspond with each 
other. 5n the solid state it is: (lj rhombic; 

1 It should not be forgotten that the data are mart 
meagre. ~Ed. 



ipefotag-polat l$3 d (GarnezV, aofabls 
fa CS,: (2) monoolinic; D. *» 1*06, M.P, 117* 
(G«rnez), soluble in CS*: (3) amorphous plastic; 
IX ■» 1*00 to 1*93, insoluble in CS*: (4) according 
to Gernez (C. B. 98, 1 11) and Sabatier (G. ^100, 
1346) crystallised in little rods with a lusfcre^ike 
that of mother-of-pearl. The last modification 
Maquenne ( C. B. 100, 1499) considers to be dis¬ 
torted rhombic crystals, which according to 
Gernez are very easily produced out of the fourth 
modification ( G . B. 100, 1581) without being 
identical with it. Liquid sulphur is : (1) imme¬ 
diately above the melting-point thin and clear : 
(2) at about 200° thick and dark : (3) at about 
840° thin and dark. The vapour: (1) between 
the boiling-point (446') and about 500° has 
V.D. =* 6'0, molecular weight ~ S a : (2) above 700° 
V.D. = 2*2, molecular weight = S*. The behaviour 
of selenion is analogous to that of sulphur. 
When solid this substance is: (1) red, amor¬ 
phous, vitreous, or pulverulent, D.- 4*20, soluble 
in CS*: (2) red, crystallised, monoclinic, iso- 
morphous with sulphur, D. = 4-51, soluble in 
CS*: (8) gray, granularly crystalline, 1). = 4*80, 
insoluble in CS*. Whether the black foliated 
crystals, insoluble in CS..., D. = 4*80, obtained from 
a solution of potassium sclenide, are identical 
with the third modification remains to be deter¬ 
mined. Liquid selenion is: (1) at low tem¬ 
peratures in a thip stratum light-red and 
transparent: (2) at higher temperatures, dark. 
Gaseous selenion under 1400° consists in part of 
molecules composed of more than two atoms : 
above 1400° all the molecules are diatomic, ' 
V.D. = 5*G8, molecular weight So... Of tellurium 
no allotropie form is known with certainty, yet 
,it is worthy of remark that its electrical con¬ 
ductivity, lik% that of selenion, but contrary to 
that of all other conductors of the first class, 
increases with rising temperature. This may be 
explained by supposing the production of a modi 
fication with belter conductivity. As regards the 
nitrogen family, the existence of any allotropie . 
forms of nitrogen has not yet neon conclusively j 
proved, but solid phosphorus exists in three 1 
forms: (1) colourless, very easily burnt, soluble j 
in CS* and in many oils, crystallising out of j 
these solutions according to the regular system, j 
D. ** 1*83: (2) red, umorplious, D. = 2-18: (3) dark- : 
red crystallised in rhomboliedral forms, in tho 1 
highest degree indifferent, D. —2*34. The last 
two forms perhaps represent ono and tho same 
modification. In the liquid state there seems 
to be only one modification—the colourless ; in 
the gaseous state, on tho contrary, there appear 
to be two, sinoe the vapour-pressure over colour¬ 
less phosphorus is greater than that over red at 
the same temperature, find the vapour condenses 
uridor certain cireuihslances into the one modi¬ 
fication and under other circumstances into the j 
other. Arsenic is: (1) amorphous, D. = 4*72, | 
less easily oxidised than the following variety : 
(2) crystallised in rhomboliedral forms, D. - 3*73. j 
Whether explosive antimony ( Gore), D. 5-83, is j 
a distinct modification cannot be quito definitely l 
determined, sinco it cannot be obtained free from 
chloride. For ordinary antimony D. = 6*71. Of j 
bismuth nO allotropie modification is known. j 
In the carbon family carbon exists: (1) as j 
difunond, regular, very hard, D.«3*52: (2) as 
graphite, either rhomboliedral (Kjnngott), or \ 


j motioolftito (6larke, NordensldGid), f). W2 ; 3t t 
(3) amorphous charcoal, D. * 1*87 to 2*30, agree- * 
ing with graphite in man* properties and hence 
perhapB not to be regarded as a distinct modi¬ 
fication. Silicoti!: (If amorphous, easily oxi- 
dised: (2) crystallised according to the regular 
system, D. = 2-20 to 2-49. The so-called graphi- 
toidal variety consists of distorted regular 
crystals. Of titanitfln atid thorium allotropie 
forms are not known. Zirconium has boon ob¬ 
tained amorphous and crystallised. Tin also 
appears to bo dimorphous. 

The element boron, is probably capable oJ 
allotropie modification, yet hitherto it has been 
obtained pure only in the amorphous form. 
The crystallised always contains aluminium or 
carbon. Some of the platinum metals, namely, 
iridium and palladium are said to occur in twojj 
forms, regular and hexagonal. J 

II. Allot nor y of Compounds, or Physical? 
Isomerism, may be theoretically defined as iso-; 
incrism with identity of atomic linkage. The ' 
following inorganic compounds exhibit remark¬ 
able instances of allotropy: calcium carbonate 1 
(as calc-spar and arragnnite); silica (quartz, 
truly mite, agate); titanium oxide (rutile, brookite. 
anataso); the nitrates of sodium,}K>tasmiih\am 
mnnium, and silver ; sodium metaphosphate ; 
arsenious and antimonions oxides ; the sulphates 
of magnesium, iron, and copper ; potassium di¬ 
chromate ; silver iodide .; zinc chloride ; mercuric 
chloride ; manganous chloride ; and indeed many 
other substances. Many instances of allotropy 
have also been observed among the compounds 
of carbon, particularly in the following sub¬ 
stances: benzophenone ; isohydrobenzoin diace - 
tote (Zincke); dibromopropionic acid (Tollens) ; 
toly l phenyl ketone (Van Dorp, Zincke); mela- 
chloronitrobenzcne ; clilorodinitrobenzc c (1:3:4)* 
(Laubenhcimer); oxycamphoronic acid (Zepha- 
rowich); the benzoylated and anisylated %-• 
droxylamincs (Losscn); hydroquinonc ; para- 
nitrophcnol ; stilbene chloride .; dibromafluorcne 
(Lehmann); tetramethyldiamidu-triphcnylvicth -• 
ane ; diphcnylnaphthylmethane ; pentamcthyU 
leukaniiinc (E. Fischer, Lehmann); dibenzoyl •• 
iliamidodibromodiphcnyl (E. Lellmann). No 
definite and regular relation between the compo¬ 
sition of carbon compounds and the existence ot 
allotropie forms of these compounds has as yet 
been recognised. 

The production of allotropie modifi¬ 
cations i, and the transformation of one 
modification into another , are effected, as 
a general rule, by chringes of temperature. The 
case's in which we arc entirely ignorant of the 
conditions under which allotropie modifications 
are produced, arc but few. Th»most notable is 
that of one of tho l^odi fication s of carbon—the 
diamond, but on the other hand the transforma¬ 
tion of diamond into graphite has been observed. 
Ono of the allotropie states usually corresponds 
to a specified interval of temperature, so that at 
a definite limit of temperature the one modifica¬ 
tion passes into the other. Yet we frequently 
succeed in cooling the modification belonging to 
tho higher temperature below the lower limit, 
and sometimes also in heating tho othei^modi- 
fication above this limit, without any transfor¬ 
mation taking place. But when such a modifi- 
cation is preserved above its fixed limit, tb? 
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elate of equilibrium attained by its particles is 
unstable, and io often destroyed by very trifling 
causes, a particularly easy means of upsetting it 
being to bring the substance into contact with a 
crystal of the modification that is stable at the 
prevailing temperature. On transformation into 
the stable form thereupon ensuing, heat is pro¬ 
duced or disappears, according as contraction or 
expansion takes place.* This thermal effect nmy 
be very considerable. 

The temperature of transformation has been 
determined for rhombic and monoclinic sulphur 
by L. Th. lleicher (Z. K. 1884. 8, 6) to bo 95-0°. 
Below this the rhombic form is stable, above it 
the monoclinic, the other being unstable. The 
amorphous form is unstable at all temperatures 
pelow, and also for a considerable interval above, 
the melting point; the temperature at which it 
becomes stable has not been determined, but ; 
probably it lies not far below the boiling point. 
jVhen cooled quickly both the monoclinic and 
the amorphous form may be kept a considerable j 
time at comparatively low temperatures. One ! 
might be tempted to suppose that the modiflea- j 
tons that have thus become unstable would pass j 
■to the stable forms the more easily the greater ! 
lie distance of their temperature from that of 
transformation; yet below the temperature of 
transformation this is not the case ; on the con¬ 
trary, transformation into the rhombic modifi- 
3ation ensues the moro easily the higher the 
temperature and therefore the nearer it comes 
to the temperature of transformation. This is 
indoubtedly due to the circumstance that the 
mobility of the pat tides increases as the tempe¬ 
rature increases. The behaviour of selenion is 
similar to that of sulphur. Amorphous selenion 
is produced only above the melting point, which 
is 217°, nevertheless when this variety is quickly 
cooled it remains stable for some time, and 
begins to pass into the grey crystalline form only 
at 80° (Ilittorf); the progress of this change is 
however more rapid at 125°. The temperature 
of transformation of the red soluble crystals of 
selenion is about 110° (Mitscherlieh). 

The conditions under which phosphorus 
passes from one of its modifications into another 
are very remarkable. If colourless phosphorus 
is vaporised in a vessel too small to contain 
the whole of the phosphorus as vapour, the red 
variety i'- formed at 210° and upwards; the 
change proceeds moro rapidly at 200°, and very 
quickly above 300°. Conversely, red phosphorus, 
if it can transform itself freely into vapour, and 
if the vapour is allowed to cool, is re-convcrted 
at 200° into the colourless form : the red modi¬ 
fication is formed only if the vapour has been 
heated above a* red heat and then allowed to 
cool (Hittorf). Arsenic vapour condenses below 
220° to form amorphous arsenic; at a higher 
temperature to form crystallised. At 300° the 
formed passes into the latter with production of 
heat. Tin is converted by very great cold, under 
conditions not yet exactly determined, into loosely 
cohering columnar aggregations of grey colour 
and diminished density (Fritsche, Petri, Schertel). 
Jjight too may bring about the production of 
allotrqpic modifications; through its influence 
lelenion and tellurium temporarily acquiro a 
better electric conductivity—a fact which has 
fteen applied in telegraphy. Phosphorus bo- ' 


I comes red through the aotion of light El«s 
trioity likewise may convert phosphorus, in 
vacuo , into the red modification, b&t perhaps the 
transformation may be due only to the heal 
produced. 

^mong compound substances the phenome¬ 
non of the transformation of one allotropic 
modification into another has been observed by 
many authors, but it ha3 been studied with 
special attention by O. Lehmann ( passim , and 
in later papers in Z. K.) Ho lias proved that 
it obeys the same laws that hold for the ele¬ 
ments. In most cases an unstable modification, 
differing from the ordinary stable ono, is ob¬ 
tained by raising a substance to a high tempera¬ 
ture and then cooling it quickly to a temperature 
a long way below that of transformation. It is 
supposed that in such circumstances the parti¬ 
cles do not find time and opportunity to assume 
the position of equilibrium corresponding to the 
lower temperature. The unstable state thus 
produced may be assumed alike by solid, molted, 
and dissolved, substances, and may be main¬ 
tained, especially at pretty low temperatures, for 
a long time. In many cases, c.g., in that of 
hydroquinonc, the one modification (in this case 
the unstable) is obtained by melting or sublim¬ 
ing; the other form is obtained from solutions. In 
other cases, either form may lie obtained from the 
same melted body, or from the same solution, 
according as it is brought into contact with a 
crystal of the one form or of the other. If frag¬ 
ments of crystals of both modifications are in¬ 
troduced simultaneously, both of them at first 
increase in size; but as soon as tho two crystal¬ 
line masses come into contact the form that is 
1 stable at the prevailing temperature grows into, 

: and at the expense of, the unstable, while the 
latter dissolves or is consumed. As a general 
rule the modification that is unstable at a low 
temperature has a lower melting point than the 
| stable, so that many substances on being heated 
I are observed first to melt, then to solidify again, 

I with transformation into the other modification, 

I and finally to melt a second time. This pheno- 
I menon may be observed with special distinctness 
i in the case of dibenzoyldiamidodibromodiphenyl, 

, because here the melting points of the two forms 
! lie unusually far apart. The needles of this 
| substance crystallised out of alcohol melt at 
| 195°, when quickly cooled the melted substance 
solidifies to a vitreous mass, which, when again 
heated, melts at 99°, re-sol id ifies in a crystalline 
form between 12 r i° and 130°, and then melts 
once more at 195° (Lellmann). 

Many compounds, especially inorganic com¬ 
pounds, behave like selenion; tho form pro¬ 
duced at high temperatures may remain stable far 
below the temperature of transformation, and 
may become unstable only on being heated to 
the neighbourhood of the temperature of trans¬ 
formation. Arragonite, the rhombic form of 
calcium carbonate, which separates from hot 
solutions (and according to O. ltose from voy 
dilute cold solutions also) is perfectly stable at 
ordinary temperatures. If, however, a crystal is 
heated, it breaks up, long before giving off car¬ 
bon dioxide, into a mass of small Crystals of 
calc-spar (Haidinger), thus passing over into 
the rhombohedral form, which is produced at 
lower temperatures. Rock-crystal ana amorphous 
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are percectiy stable at ordinary tempera¬ 
tures, but at # the tinperatures of the porcelain- 
kiln they are'changed into tridymifce, the third 
modification, which in turn is likewise stable at 
lower temperatures. As regards other substances, 
particularly organic compounds, the forms |o bo 
classed as unstable usually possess much less 
stability, but still of course they are not alto¬ 
gether destitute of it. This persistence in a state 
no longer completely stable may be explained by 
supposing that a certain impulse, or an increase 
cf the proper motion of the particles, is requirod 
to change the state—to make the particles leave 
their respective positions and pass over into new 
ones. That the change is attained most easily 
and most surely by contact with a crystal of the 
stable modification, is undoubtedly due to the 
power of every crystal to give to the particles 
settling on it a definite and regular orientation 
and arrangement. L. M. 

ALLOXAN GJI.N.O, aq (and 4aq.) 

i.c. CO<^Jj'qq>CO. Mesoxalyl-urea. Mol. 

w. 142.—Discovered in 1817 by Brugnatelli, who 
named it crythric acid. Subsequently examined 
by Liebig a. Wohler (A. 20, 250), and by 
Schlieper (A. 55, 253). 

Formation. 1. By oxidation of uric acid by 
HNO a (S.(f. 1*42) diluted with water (9 pts.) at 
70°. By adding SnCl., alloxantin is ppd., and, 
after washing, is ro-oxidisod to alloxan by nitric 
acid (2 pts. of S.G. 1*52 mixed with 1 pt. of 
S.G. 1*42) in the cold (Liebig, A. 147, 300, Bl. 


Ant. 8. [21 48, 215).—14. ITydroxylamine hydro¬ 
chloride forms violurio acm.—15. With a dilute 
solution of pyrrol it fums crystalline pyrrol- 
alloxan (Cianiician a. Sifber, B. 19, 106,1708).— • 
10. rci 5 mixed with POCl ? at 130° forms tetra- 
chloro-pyrimidine (Ciamician a. Magnaghi, B. 18, 
3444). 

Metallic derivatives. — C 4 Ag ? N 2 0 4 .— 
C 4 H,N.X) 4 7xgO 7aq: ppd. hy mercuric nitrate.— 

Compounds with Bisulphites .— 
C 4 H.N 3 0 4 NalIS0 l l,\aq: largo crystals, v. sol. 
water.—G 4 H 2 N 3 0,EHS0 3 aq : m. sol. cold water, 
v. sol. hot water.—C,H J N 2 0 4 NH i nS0 I (LidU 
pricht a. Wuth, A. 108, 41). 

ALLOXANIC ACID C.H.N.O, 
i.i ?. NIL.CO.NH.GO.CO.COJi. Mesoxaloxyl-uret . 
H. (alcohol) about 20. (Liebig a. Wohler, A. 2( , 
292; Schlieper, A. 55, 263 ; 56, 1; Stiideler, A , 
97,122; Baeyer, A. 119,126; 130,159). Forme i 
from alloxan by treatment witli aqueous fixei i 
alkalis or alkaline carbonates. White needles oj • 
warty masses. V. sol. water; si. sol. ether. fc . 

Reactions. —1. Boiling the aqueous solutionj 
, produces C0 2I leucoturic acid (q. v.), allanturict 
acid and hydantoi'n.—2. Alloxanates are coni 
verted by boiling water into mesoxalates and 
urea.—3. Nitric acid forms CO. and parabanio 
acid.—4. HI reduces it to hydantoi'n, giving off 
CO. (Baeyer). 

Salts. The alkaline alloxanates are soluble 
in water. The normal salts of other metals 
are usually insoluble. Ferrous sulphate 
gives a dark blue pp. with potassic alloxanate. 


[2] 9,152). —2. From uric acid and aqueous Br, 
Cl, or I (M. E. Hardy, Bl. [2] 1, 145).—3. From 
xanthine, KC10 3 , and HCl (E. Fischer, A. 215, 
310). 

Properties^- A warm saturated aqueous solu¬ 
tion deposits on cooling trimetric eflloresccnt 
crystals (witli 4aq). If the solution is kept 
warm while evaporating monoclinic prisms (with 
aq) are got. V. sol. water or alcohol, ppd. from 
solution by HNO r Astringent taste, reddens 
litmus, doos not decompose (?aCO a . Aqueous 
solution turns the skin purple, imparting a pecu¬ 
liar smell. 

Reactions. —1. Hot dilute nitric acid forms 
C0 2 and parabanio acid, the latter then becoming 
CO. ; and urea.—2. Boiling potash forms mos 
oxalic acid and urea. 3. Boiling very dilute 
sulphuric acid forms amnionic liydurilate.—4. 
Boiling aqueous HCl or ILSO, forms alloxantin, 
which separates; dialuric acid,amnionic oxalate 
etc., remain in solution.—5. Boiled a long time 
with water , it forms CO., parabanio acid, and 
alloxantin.—6. By reducing agents (ILS, SnCl., 
Zn and 11C1) it is converted into alloxantin, and 
finally into dialuric * acid.—'7. Boiled with 
ammonia and sulphurous acid, it forms amnionic 
thionurate (q. v.). 8. KHO or baryta converts it 
into alloxanic acid; baryta or lime-wjftur giving 
white pps. of baric or calcic alloxanate. If the 
alkali bo in excess, the pp. contains mcsoxalate. 
9. Warm aqueous ammonia forms a yellow 
jelly of the ammonium salt of ‘ mycomelic acid ’ 
C 4 H 4 N 4 0 2 (L. a. W.).—10. Ferrous sulphate gives 
a deep blue colour.—11. Boiled with water and 
PbO ? ther^ results C0 2 , PbC0 3 , and u%?a.—12. 
Boiling aqueous lead acetate forms lead mos- 
oxalate and urea.—13. Boiling aqueous NaN0 3 
and acetic acid form sodio oxalur^te (Gibbs, 


NH,C t H ;4 N.0 5 . S. about 30.—BaH.A" 2 2aq.— 
BaA"4aq. — CaII..A" 2 6aq. S. 5.— CaA"5aq. — 
CuA"4aq. S. 17 to 20. - CuA"Cu(OH) 2 . — 

I PbH 2 A" 2 2aq. — Pb 3 H.A" 4 7aq. — PbA"aq. — 
Pb :( A // ..(OH)..—MgA"5aq.~NiA"2aq.- KHA".— 
R.A" 3aq. — Ag.A".—Sr A" laq. — Z n H^A". 4aq.— 
Zn 3 OA" 2 8aq. 

Iso-alloxanic acid C 4 H 4 N.0 5 . Obtained by the 
action of alkalis upon the red substance got by 
heating alloxan at 260° (L. Hardy, A. Ch. [4] 
2, 372). A similar body may be got by the 
action of bromine-water on uric acid (Magnier 
do la Source, Bl. [2J 22, 56). Its solution then 
gives with baryta-water a splendid violet pp. of 
baric iso-alloxanate, which, however, when 
exposed to moist air soon changes to colourless 
baric alloxanate. 

Salts.— (NH,) 2 A": red powdor: v. sol. water 
forming a purple solution, which gives with 
AgNO, an indigo blue pp., and with K 2 C0 3 a 
violet colour. 

ALLOXANTIN C 8 H 4 N 4 0 7 3aq. 

(Liebig a. Wohler, A. 26, 262; Fritzsche, J.pr. 
14, 237). 

Formation. —1. By action d! warm dilute 
HN0 3 on uric acid.- -2. By action of electrolysis 
or of reducing agents on alloxan (q. v.).— 3.’By 
dissolving alloxan in a concentrated aqueous 
solution of dialuric acid : C 4 H,.N 2 0 4 + C 4 H 4 N 2 0 4 » 
C M II 4 N 4 0, + H.O.—4. By heating uranil gr am* 
monium thionurate with dilute H.S0 4 .—5. By 
action of air on dialuric acid.—6. In the decom¬ 
position of caffeine by chlorine.—7. By heating 
a mixture of raalonic acid and urea with excess 
of P0C1 8 (Grimaux, C. R. 87, 752; 88, 8^.-8. 
By the prolonged action of PLjS upon di-bromo- 
barbituric acid (G.). 

Properties. —Small oblique rhombio prism*, 

K* 
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Reddens litmus. V. *1. sol. Mid water. Gives 
vritb baryta-water a violet pp. Bedueee AgNO,. 

Reactions. — 1. At 170“ gives hydurilio acid, 
oxalic aoid, C0 2 , CO, and NH,. — 3. Oxidation 
gives alloxan.—3. Redilttion forms dialnrio 
aoid. — 4. Ammonia gas turns it red, forming 
mnrexide.—5. Aqueous ammonia forma a purple 
solution, long boiling t bleajhes it, uranil being 
formed. This is then converted into murexido 
by atmospheric oxidation.—6. The purple pp. 
reduced by baryta-water disappears on boiling, 
aric alloxanato and dialurate being formed. 

ALLOYS.—The word alloy was originally 
employed to designate the product obtained by 
mixing gold or silvor with other metals; its ap¬ 
plication is now general, all mixtures or com¬ 
pounds of metals with each other being named 
dloys, except those containing mercury, which 
ire termed ‘ amalgams.’ For a detailed descrip- 
lion of special alloys, reference must bo mado 
;0 one of the constituent metals ; only the 
^general properties of the alloys will bo here 
jonsidered. 

On melting two metals together, or on melt- 
ng one and adding the other, complete assum¬ 
ption takes place in some cases and not in 
thers. Thus, silver easily mixes or alloys with 
old, copper, or lead; but neither silver nor 
opper can be readily induced to unite with 
iron. In the eases of those metals which do not 


clou (lj, when alloyed, with each other, gin 
redacts the conducting penrers of which lot 
eat and for electricity are proportional to the 
relative quantities by volume of the constituent 
metals; but that this is not the case with alloy* 
of tl^e metals of class (1) with those of olass (3), 
nor with the alloys of metals of olass (2) with 
each other. As regards conductivity for heat 
and for electricity, Wiedemann and Franz have 
added to our knowledge by showing that tha 
conducting powers of metals and their alloys for 
heat vary in a similar manner to that in which 
their conductivity for electricity varies. This 
statement has been confirmed and amplified by 
Sundall. 

Matthiessen regards alloys of the metals of 
class (1) as solidified solutions of one metal in 
the other; but supposes that metals of claBS (2) 
enter into alloys in an allotropie form; and he 
further supposes that when metals are alloyed 
together one or more of the metals may undergo 
allotropie change. Thus, ho regards as solidified 
solutions of the metals, alloys of lead with tin, 
cadmium with tin, zinc with tin, cadmium with 
loud, zinc with cadmium, and zinc with lead, 
lie supposes that in the alloys of lead or tin 
with bismuth, tin or zinc with copper or with 
silver, one metal is dissolved in an allotropie 
modification of the other; and that in alloys of 
bismuth with gold or silver, palladium or plati- 


complctely mix when melted together it usually 
happens that a small quantity of one is taken 
up by the other; thus, Faraday and Stodart 
found that iron is able to absorb r J a th of its 
weight of silver with production of a homogeneous 
alloy, theproperties of which are considerably dif¬ 
ferent from those of iron; but that if more silver 
than rj 5 th of the mass of the iron is present, the 
greater part of the silver separates during cooling, 
and that which remains can be detected by the 
microscope. If silver is melted with addition of 
a small quantity of iron, the latter metal alloys 
to some extent; but it is impossible to obtain 
mixtures of these metals in any desired propor¬ 
tion. On the other hand, silver and copper, or 
silver and gold, form alloys in which the propor¬ 
tion of the two metals may bo varied at will. 

The physical properties of alloys are in some 
cases nearly the mean of those of their con¬ 
stituent metals; but in other cases a wide 


nura with silver, or of gold with copper or 
silver, both metals exist in allotropie forms. 
Matthiessen does not, however, ignore the fact 
that certain alloys contain their constituent 
metals in simple atomic proportions; for ex¬ 
ample, the alloys whose composition may be 
expressed by the formula) AuSn„ AuSn a , and 
AuMn; but he regards alloys of, intermediate 
composition as solidified solutions of such de¬ 
finite compounds in each other. It is known 
that zinc will not alloy with more than 1-2 p.o. of 
lead, nor will load alloy with more than 1'6 p.c. 
of zinc; yet, by Btirring, it is possible to ob¬ 
tain mechanicaF mixtures of such alloys with 
excess of one or other metal. Such mixtures 
are placed by Matthiessen in a class by them¬ 
selves. Most of the alloys of silver and copper 
with each other are regarded by him as mixtures 
of various solidified solutions. Tho hypothesis 
of the existence in an alloy of one of tho con- 


difference is observable between the properties 
of the alloy and tho properties of the metals 
which have been used to form it. Matthiessen, 
to whom wo owe most of our knowledge of the 
properties of alloys, divides all metals into two 
classes: (1) those which impart to an alloy their 
own physical properties, to a less or greal'-r degree, 
according to tilt’ proportion in which they them¬ 
selves exist in the alloy; ard (2) those which do 
not come under class (1). To the first class 
beloqg the metals lead, tin, zinc, and cadmium ; 
and to the second, in all probability, the other 
metalj. The alloys themselves may also be 
divided into three groups; (a) those made of the 
metals belonging to class (I), (6) those made of 
metals of class (1) with class (2); and (c) those 
mado of class (2) with one another. ThiB classi- 
ficatitm is largely based on tho relative conduc¬ 
tivity for electricity of the metals and of the 
alloys which they form with each other. 
•Matthiessen found that the metals placed in 


stituent metals in an allotropie form has re¬ 
ceived a certain degree of confirmation from 
experiments by Deville and Dobray, who have 
observed that the iridium separated by the action 
of an acid on an alloy of that metal with zino 
explodes when heated to 300'', and is changed by 
the explosion into ordinary iridium. Wiedemann 
has suggested that tho contraction of alloys after 
solidification, which sometimes goes on for days, 
is due to the gradual occurrence of an allotropio 
change in*tho constituent metals, one modifica¬ 
tion being stable at high, and the other at low, 
temperatures. If the hypothesis of tho occurrence 
of allotropie change during tire formation of cer¬ 
tain alloys is tenable, it is remarkable thatsuah 
allotropie modifications of metals should bo pro¬ 
ducible by pressure; for Spring has succeeded 
in producing Wood’s alloy (containiffg bismuth, 
cadmium, and tin), and also brass,bfit the latter 
only partially, by exposing mixtures oi thetMtalf 
in fine povgder to very high pressures. 
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: On the whole, there Appear^ to &♦* marked 
Analogy betweeftailoys and solutions. It is well 
known that the conductivity of water for elec¬ 
tricity is nearly nil, but becomes considerable 
when the minutest trace of‘any salt is dissolved 
in it. Similarly, the conductivity of copper is 
greatly diminished by the admixture witljit of 
minute quantities of other metal’s. Moreover, 
in many other cases a great modification is pro¬ 
duced in the tenacity, malleability, Ac., of metals 
by very small additions of foreign substances; 
as, for example, by the addition of small quan¬ 
tities of carbon, silicon, sulphur, or phosphorus, 
to iron, of phosphorus to copper, or of mag¬ 
nesium to nickel. And just as an aqueous 
solution of a salt must be heated to a tempera¬ 
ture higher than that of the boiling-point of 
water before the whole of the water is removed, 
so it has been found that alloys of zinc, sodium, 
mercury, Ac., must be heated to temperatures 
above those at which these metals volatilise 
before the metals in question are entirely re¬ 
moved from the alloys. The analogy between 
alloys and solutions has been strikingly shown 
by Guthrie. This physicist has found that that 
alloy of two metals which has tho lowest melting- 
point does not contain tho metals in atomic pro¬ 
portion, but is strikingly similar to an ‘ alloy * 
of two salts, such as that of nitrate of potassium 
and nitrate of lead. Alloys were obtained by 
him of bismuth and zino (I3i =- 92*85 p.c. 
Zn = 7*15 p.c.), melting at 218°; of bismuth and 
tin (Bi~4G*l p.c. Sn*=53*9 p.c.), melting at 
133°; of bismuth and lead (13i = 65*58 p.c. 
Pb = 41*42 p.c.), melting at 122*7°; and of bismuth 
and cadmium (Iii = 59*19 p.c. Cd = 40*81 p.c.), 
melting at 114°. None of these alloys contains 
the metals in tho proportion of their atomic 
weights, and the melting-point of each alloy is 
the lowest of all possible alloys of the specified 
pair of metals. Such alloys are termed by 
Guthrie eutectic alloys; they appear to he in 
some sense solidified solutions, resembling oryo- 
hydrates. We are still igqprant of the true 
nature of such mixtures, if mixtures they be. 

Spring (B. 15, 695) has prepared several 
alloys by subjecting mixtures of the constituent 
metals to pressures of about 7,000 atmos. Tn 
this way lie obtained brass, Wood’s alloy (Jji, 
Cd, and Sn), and ltose’s alloy (Hi, Pb, and Sn). 

References. —Matthiessen, B. A. 1803, 37; 
and C. J. Trans. 1807,201; also P. Ii. /. March 
20th, 1808. Deville and Debray, C. It. 91,1557. 
Spring, B. 15, 595. Wiedemann, W. 3, 237-250. 
Crookewit, A. 08, 290. Fiirstenbach, Buyer inches 
Industrie- und Gewcrbehlatt , 1809. Sundall, 
A . Ch. 119,141. Craee-Calvcrt a. Johnson, A. 
Ch. 45, 454. Guthrie P. M. June, 1884. 

W. B. 

ALLURANIC ACID C.H 4 N 4 0, (?). Formed 
by evaporating an aqueous solution of equiva¬ 
lent quantities of urea and alloxan (Mulder, B. 
0,1012). Crystals; si. sol. water. AgA'2aq. 

ALLYI.— -The radicle CH.pClI.CII, is called 
Ally], the isomeric radicle CH,.CH:CH being 
termed Propenyl. 

DI-ALLYLCJI 1 „UCH ? :CH.CH,.CH i .CH:Cn., 

Ilexfricnc. Mol. w. 82. (59*3°) at 709 mm. 
(B. Schiffc A. 220, 91); (59*5°) (Zander, A, 214, 
148). 8.G. -0883! { -7074 (Z.) ; ? -688 (Briihl). 


OJ3. (0°-10°) -00188 i (ll-9°-69-8°) 00158. 
S.V. 125-8 (8.) J 125-7 (Z.). V.D. 2-84 (for 2-84). 
H.F.p. - 9260. H.F.r. - 11580 (Thomsen). 
*,W079. Ba, 46-99 (B^. Critical temperature 

Formation— 1. from allyl iodide and Na 
(Berthelot a. de Luca, A. 100, 301), an alloy of 
sodium and tin (Wiirtz a. Leclanch6, A. Ch. [4] 
3, 155), or iron (Linncmann, Bl. [2] 7, 424).— 
2. By heating mercury allyl iodido, IHgC a H 4 . 
alone (Linncmann, A. 140, 180) or with aqueous 
KCy (Oppcnheim, B. 4, 072). ^ 

Reactions. —1. Oxidised by chroflkc acid 
mixture gives carbonic and acetic acids.—2. 
Oxidised by KMn0 4 in neutral solution gives 
CO s , acetic, oxalic, and succinic acids. —3. 
Oxidised by KMn0 4 in acid solution gives CO*, 
acetic acid, and succinic acid (E. Sorokin, J. pr. 
131, 1). 

Constitution.— -The formation of acetic acid 
by oxidation of di-allyl seems to favour the 
formula CII 3 .CH:CH.Cil:CH.CH 3 ; while the for¬ 
mation of succinic acid is more in accordance 
with the formula CH,:CII.CH,.CH. r CH:CH,, a 
formula that is further supported by the con¬ 
version of di-allyl into di-propargyl. The oxalio 
acid may be supposed to be formed by oxidation 
of the succinic acid. Acetic acid may be con¬ 
sidered to bo formed from intermediate hydrates, 
CH 3 CJI(OH).CH 2 .CH...CFf:CH 8 
and CIIj.Cll(OH). CII 2 .CH 2 . CH(OH).CH g . 
These bodies do, in fact, yield acetic acid when 
oxidised. According to Sabanoeff (J. R. 1885, 
35) di-allyl forms two letrabromides and must 
therefore be a mixture of two hydrocarbons. 

Combimtions. —1. When gaseous HI is passed 
into strongly cooled di-allvl, combination takes 
place, the product Cl I r CHI,CH,.CU,.CHI.CH f 
being formed, v. Ioho-iif.xanks.— 2. A smaller 
quantity of III forms tlio mono-liydro-iodide, 
C (i H„,IlI, (105°), also formed from preceding by 
alcoholic KOII (y. Iodo-ukxyleni:).— 3. Similarly, 
fuming IIC1 forms two hydrochlorides,—4. 
IIOCl forms C 6 II lll (II0Cl) 2 , di-chioro-di-oxy- 
hexane (q. v.). —5. Br forms tetra-bromo-hexane. 

ALLYL ACETATE 0,11,0.. i.e. C a H 4 C.,H a O,. 
Mol. w. 100. (103 3 -103*5°) at 735 mm. (It. Schiff, 
A. 220,109), S.G. *9270 (Bruhl). S.V. 121*37 
(S.). up 1*1100. B*, 42*21 (B.). 

ALLYL-ACETIC ACID 

C 4 H s 0 2 i.e. Cir.:CH.CH i .CrT 2 .CO,n. PenteJioic 
acid. (185°-188° cor.). S.G. U *9806; If 
•9842; ^ *9767. M.M. 0-120 at 14° (Perkin, 
C. J. 49, 211). Prepared by heating allyl* 
malonic acid (Conrad a. BischofT, B. 13, 598) or 
from allyl-aceto-acetie ether (Zeidler, B. 8,1035). 
Combines with Br. or HBr. Not reduced by 
sodium-amalgam. Oxidised by chromic acid 
to succinic and formic acids. • 

(Salts.—KA' .* scales; v. sol. water; solution 
not ppd. by l’c-.G^.—CaA' 2 2aq.: lamina*.— 
Ba.V'., 2aq.—AgA'(Messerschmidt, A. 208, 92). 
Ether.—EtA': (142’-144°). * 

DI-ALLYL-ACETIC ACID C„H, .0., i&. 
(C,TI,),CH.CO..H. Octinoicacid. (2-20' o )70.a.B.)| 
(*218 J -222 0 ) (H.); (224°-226°) (B.); (227° oof.). 
S.0.13 -9570; }? -9555; |5 -.1491. M.M. 10-344 
at 111-4° (I’erkin, C. J. 49,' 212). 

Formation. - From di-altyl-aceto-aceiio ether 
(Wolff, A. 201, 49; Bebonl, Bl. [2] 29, 228) or 
from di-allyl-malonic acid (Conrad a. Bisohoff, 
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B. U, 698}. From iodb-dl-ollyl-aoetio told 
(g.e.) byreauction (Sehatzky, J. B. IT, 79). 

Properties. — Oil, of disagreeable odour. 
Insol. water. Volatile with steam. 

Reactions. —1. Cono\HBr forms, probably, 
an addition product (CHjJCHBr.Cfy.ClI.CO.H 
which instantly splits off IIBr forming 
.CHj.CH.CH, 

CH,.CHBr.CH 2 ilH<, ' | 

'CO.O 

B. Beomo-oxy-octoic acid (Hjelt, A. 216, 73). — 
2. Br in CHC1, forms, probably, on addition 
compound, (CH..Br.CHBr.CH,),CH.CO.H, but 
this instantly splits up into HBr and a lactone 
.CH...CH.CH..Br 
CH.,Br.CHBr.CH,.CH< ' | 

\ CO.O 

o. IVi-BnoMo-oxY-ocioic acid. 

—8 . HNO, (S.G 1-3) forms tri-oarballylio acid 
(W.). 

Salts.—CaA',,2aq :leafiets.—AgA'. S. '41 at 
16°. Ether.-EtA'(195°) (It.). 

ALLYL-ACETO-ACETIC ETHER v. pp. 23,25. 
ALLYL-ACETONE 
C„H 10 0 i.e. CII.:CH.CH.,.CH s .CO.CH, 

Methyl butenyl ketone. (129°). S.O. ,” s -834. 
From allyl-aceto-acetic ether (Zeidler, A. 187,35). 
Unpleasant smell. Forms with NaHSO, an 
amorphous compound, C S H,„0 2NaHS0, (0. 
Hofmann, A. 201, 81). Reduced by sodium- 
amalgam to hexenyl alcohol (q. v.). 

DI-A.U.YL ACETONE 
C # II|,0 i.e. (CjH J.CH.CO.CIIj. (175°). 

From di-allyl-aceto-acetic ether (Wolff, A. 
201, 47). 

ALLY!-ACETOPHENONE d.Phf.nyl butenyl 

KETONE. 

ALLYL-ACET0X1M 

C s H„ON i.e. C,TI v CH,.C(N.OH).CII, 


hears in a sodaiwdter bottle at 100*. ' Th« 
yield is excellent (Niederist, A. 198,850). * 
Preparation.-- Glycerine (400 pts.) is slowly 
distilled with orystallised exalio acid (100 pts.) 
and a little ammonic chloride (1 pt.), to con¬ 
vert any potassio oxalate into ohloride. The 
receiver is changed at 190°, and the distilla¬ 
tion continued up to 260°. The distillate, 
containing aqueous allyl alcohol, allyl formate, 
acrolein, and glycerin, is rectified, dried, first 
with K 2 CO s , then over solid potash, and dis¬ 
tilled. It then boils at 90°, but when the last 
traces of water are removed by quicklime, it 
boils at 96°. The yield is one-fifth of the 
weight of oxalio acid used (Tollcns a. Hen- 
ninger, Bl. [2] 9, 391; Briihl, A. 200, 174; 
Linnemann, li. 7, 854). 

Theory of the Process. — Carbonic acid is 
first evolved freely (at 130°), but formic acid 
which must be produced at the same time 
(II,C 2 0,= CO, + HjCO.J reacts upon glycerin, 
producing monoformin : C,H.,(OH), + 11,00, 
= H,0 + C 3 H ( (0 H)j( 0CH0). The monoformin 
can be extracted with ether, and boils about 
105° in vacuo. When distilled, monoformin 
splits up into allyl alcohol and carbonic acid: 

C,II i (OH).,(OCHO)= CO., + H,0 + C ; ,IL,(OH) 
(Toilens, A. 156,140). When a largo quantity 
of oxalic acid is used, the excess of formic acid 
does not produce diformin, but comes off as 
formic acid (q. v.). 

Properties. —A pungent liquid, with a burning 
tasto. It mixes with water, alcohol, and ether. 

Constitution —That allyl alcohol has the for¬ 
mula CH,:CH.CH,OH and not CH,.CH:CH.OH 
may be inferred from tho fact that it yields 
no acetic acid when oxidised by nitric acid. 

A similar remark applies to allyl iodide (Kekule 
a. llinno, B. 6, 386). , 

Reactions. —1. Chromic acid oxidises it to 


(188°corr.). Formed by the action of hydroxyla- 1 , C °‘ antl fomu f “J' 1 i n0 f cr { ho acli , 13 
mine on allyl-acotone. Liquid. Soluble in alcohol, P ™J llcl ' ’W 1b f 

ether, benzene, CS.„ ligroinc, acids, and alkalis! ?" ole “- , i ». observed JHofmann a. Cal.ours, A. 


100, 257; Kinno a. Toilens, A. 150, 110).—2. 


By aqueous acids it is resolved into its const!- when ailyl^ofislum^; wHh iiwe^ c 


tuents. It combines with bromine to form a 


di-bromide (Nageli, B. 16, 496). 

ALLYL ALCOHOL 
C,H t O i.e. CH,; CH.CH-OH. [-50°]. (96-6°). 
S.G.°-870G; -8576. S.V. 7119. C.E.(0°-20°) 

•00104 (Thorpe, C. J. 37, 20S). S.H. *6569 


denser, for 5 hours in a water-bath with zinc 
and dilute H 2 SO„ about 10 p.r\ is reduced 
to ?t-propyl alcohol: CILiCH.Cll.OII + 
CIl; ( .Cll,.CH i .OH (Linnemann, D. 7, 8G2).—3. 
Solid potash at 100°-150°, in a flask with in¬ 
i' verted condenser, forms n-propyl alcohol (by 

i wn/lit/v4.' nn \ ~/u.. _\ .n...i 


(Reis, P. [2] 13, 417). H.F.p. 

H.F.V. 29,750. Rco 27 09 (Briihl, A. 200, 175). j alcohol, hydrogen, and other products (Toilens, 
Occurrence. - Crude wood spirit contains not | A. 159, 92).—4. Potassium displaces hydrogen, 


31,200. | reduction), formic acid (by oxidation), ethyl 
3, 1751. 1 alcohol, hvdrotrcn. and other nrodiie.tn fTnllpna 


more than one-fifth per cent. (Aronhcim, B. 
7,1381; Grodzki a. Kriimer, B. 7, 1192). 

Fommtum. — 1 . Dry gaseous ammonia is 
passed into oxalate of allyl till a solid mass of 
oxamide, saturated witli allyl alcohol, is 
obtained. The latter is tften distilled off 
(Zinin, A. 96, 362).—2. Produced, together with 
isopropyl alcohol and acropinacone ( q . t;.), 
Vrhen acrolein is treated with zinc and hydro¬ 
chloric acid (Linnemann, A. Suppl. 3, 257).— 
8. By tlfc action of sodium on dichlorhydrin 
(Hiibner a. Muller, Z. 6, 344). — 4. Tho two 
atoms of chlorine may also bo removed from 
dichlorhydrin by sodium-amalgam (Lourenyo, 
A. Ch. 03] 67, 323), or bv copper and potassic 
iodide (Swarts, Z. 1868, 259).—5. Allyl iodido 
<1 pt.) is heated with water (20 pts.) for 60 


forming gelatinous potussic aliylato.—5. ll.SO, 
forms (CjHJHSO,.—6. Dilute H,SO, or HC1 at 
100’ forms an aldehyde, C u U 10 O (o. 137°) (Solo- 
nina, J. R. 1885, i. 145). 

Combinations.—1. Wifh chlorine it forms 
M-diehlorhydrin CH.,C1.C1IC1.CH,0H (q. 

2. With bromine it forms a dibromide, called 

also dibromhydrin, CH_,Br.CH!ir.CH/)H, (214°). 
60 grms. Br are dissolved in 300 grins. OS., and 
dropped slowly (in 4 hours) into a solution of 
20 grms. of allyl alcohol in 100 grms. of CS,. 
The product is distilled in vacuo (Michael a. 
Norton, Am. 2, 16 ; compare Kekule, A. Suppl. 
1, 138; Markownikoff, J. 1864, 490). Linno- 
maun saysdhere are two hromides (/J. 7^859)_ 

3. When iodine is added to a Bolutiorf of allyl 
alcohol in CHC1„ it combines, and on evapora- 




tte- CfttCHI.OE^OH separates as needier 
Dilute N&jCO, converts, this into iodallyl alcohol 
[160 ] (Hfihner a. Lollmann, B. 14, 207).—4. IC1 
unites, forming O,H„I01(OH) (Henry, B. 3, 
861).-5. With cyanogen it unites, forming 
0„H.,(CN).,(01i), (151°) (Tollens, B. 5,1045).—0. 
BaO combines, forming BaO,20,11,0.—7. I1C10 
unitos, forming a little cblorhydrin (q. v.). —8. 
Chloral combines with allyl alcohol; tho com¬ 
pound, CClj.CH(OH)(OC s II s ) [20-0°], (110°), is 
analogous to chloral alcoholato (Oglialoro, (i. 
4, 403). 

DI-ALLYL-p.AMIDO-BENZOIC ACID 

C|»H ls HO„ i.e. (G 1 H J ) J N.O„H 1 .COJI [127°]. From 
allyl iodido and potassic p-amido-benzoate 
(Miolmel a. Wing, Am. 7,198). 

Di-allyl-m-amido-benzoic acid [90°] (Griess, 
13. 5,1041).-IIA'HClaq. ' '' 

DI-ALLYL-AMIDO-ETHYL ALCOHOL ». 

OxYl!TIIVL-DI-AIJ,Vr, AMINE. 

ALLYLAMINE C a H,N i.e. CII,:CH.CH r KH, 
Mol. w. 57. (50°) (E. Schiff, II. l9, 505); (58°) 
(Oeser, A. 134, 7). S.G. l* -804 (O.) S.V. 78-38 
(S.). H.F.p. —1140. H.F.V. — 2880. 

Formation.—1. From allyl eyanato (Cahours 
a. Hofmann, A. 102, 301).—2. From oil of 
mustard, Zn, and HC1 (O.).—3. From oil of 
mustard and cone. H.,80, (Hofmann, B. 1, 182; 
Kinne, A. 108, 202). 

Properties. — Liquid with pungent ammoniac.nl 
odour. Miscible with water. Strong base. 
Dissolves ppd. Cu(OH)._, and Ag.,0. 

I tend ions. —1. Combines with bromine.—2. 
H.SO, at 140° forms a compound which, on 
pouring into water, produces oxy-propyl-amino 
HO.C ;1 H„NiL. 

Salts.—(B'HClJ-l’tCl,: monoclinic tables. 
Changed by boiling into (B'HCl).PtCl, (Lieber- 
mann a. Pauls B. 10,530).—B'„ H,SO,(Andreasch, 
111. 5, 33). 

Di-allyl-amine C 6 II n N i.e. (CjIIJ-NH 
(111 0 ) (Ladenburg, B. 14,1879). 

Tri-allyl-amine C„H, 5 N i.e. (C,H,).,N. 
(156° i.V.) S.G. g -8200. S.V. 200-3 (Zander). 
C.E. (0°-10°) -00103. Formed when tetra- 
allyl-ammouium hydroxide is distilled (C. a. H.; 
Pinner, B. 12,2054 ; Grosheintz, Bl. 31,391).— 
BHC1. - B'. ; H,PtCl s . 

Tetra-aliyl-ammonium hydrate (C.,H.),NOH: 
liquid. — ((Cjiy^CiJjPtCl,. — (C ;I I1 ),Nllr. — 
(CjHil.NI. The three last aro crystalline 
(C. a. H.). 

ALLYL-AMYL-AMINE C„H„N i.e. 
(C„H r ,)(C,H„)NH. (c. 150°). ' S.G. -777. 

From amyl bromide and allyl-amino (Lieber- 
mann a. l’aal, B. 10, 531). 

ALLYL AMYL OXIDE C„H„,0 i.e. C TT,, .0.0,11, 
(120°) (Berthelot a.dolmca, A. Ch. [3] 48,292)/ 
ALLYL-ANILINE*C„H, ,N i.e. PllN(C,IL )il. 
(209°). S.G. 35 -982 (Schiff, A. Suppl. 3, 304). 

Bi-allyl-aniline C 1Z II 1S N i.e. PliNjCJI,).,. 
(244°). S.G. § -9680. S.V. 225-2* (Zander, A. 
214,149). C. E. (0°-10°) -00083. 

ALLYL-BENZENEC,II I0 i.c.Ph.CH:CH.CH,(?) 
Phenyl-propylene. Propenyl-bcnzcnc. Mol. w. 
118. (175°) (P.); (178°) (IS.). S.G. 15 -92. 

Foimation. — 1. By-produot in action of 
sodium-amalgam on warm aqueous cinnamyl | 
alcohol (Fittig a. Kriigcncr, B. 6,214; Jtiighcimer, i 
A. 172,129).—2. From propyl-benzene by Br at 
100° and distilling tho product (Hadziszewski, 


O. B. 78, 1163): PliCjHjBr«PhC.H, + HBr, 
I So prepared it boils at (105°), and its di-bromida 
forms needles—3. From bromo-hydro-phenyl- 
crotonio acid (Pefkin, C. J. 32, 600).—4. From 
chloro-propyl-benzene /And alcoholio potash 
(Errera, O. 14, 504). f 

Di-bromido C.,H lfr Br 2 [00-5°]. Plates or 
needles. On distillation it yields an allyl- 
benzene (178°), which polymerises forming a 
viscid solid (330°). 

Iso-allyl-benzene Ph.CIL.CH:CIL(7) (155°). 
Chojnacki (C. II. 70, 1413) got this body from 
allyl iodide or bromide, benzene, and zinc dust at 
100°. Others have failed to get it. Allyl 
chloride, benzene, and AI.C1, give di-phenyl pro¬ 
pane, CIP.Cill'h.CH Pli, and n-propyl-benzene 
(ij. v.) (Wispok a. Zuber, A. 218, 378). 

ALLYL BENZOATE v. Bknzoic acid. 

ALLYL-BENZOYL-ACETIC ACID C,..H,.0, 
i.e. BzCH(CJl ,)CO.,H [122 1 125 ], From benzoyl- 
acetic ether, NaOEt, and allyl iodide. The result¬ 
ing ether is saponified by standing for three 
weeks with dilute alcoholic KOI! (W. H. Perkin, 
jun., C. J. 45,18G ; 47, 240). Colourless crystals. 

Iteaction.— Boiled with dilute alcoholic KOH 
forms phenyl butenyl ketone (q. v.), benzoic acul 
and (probably) allyl-acetic acid. 

Ether.—EtA' (220 ) at 100 mm.; (241°) at 
225 mm. Combines with Br. 

ALLYL BORATE C.H.jBO, i.e. (CJI j.BO, 
(108’-175°). From B/), und allyl alcohol at 
130° (Councler, J. pr. [2J 18, 370). Combines 
with bromine, forming (C a H.Br,),B0 3 . 

ALLYL BROMIDE C,H 5 Br ii! CH..:CH.CH Br 
(71°). S.G. g 1-459; 15 1-430. ' S.V. 90-5 
(Zander, A. 214, 144). C E.(0 o -10°) -00123, 
H.F.p. -340 ; H.F.V. -1600. 

Formation.—1. From allyl alcohol, bromine, 
and phosphorus (Tollens, A. 156, 162).—2. From 
glycerine and PBr, (Henry, if. [2] 0, 675).— 
3. From allyl iodide and cupric bromide: 
2C 3 H 5 I + 2CuBr, z = I!r. + Cu a I, t ‘ICJl.Br (Oppcn- 
heim, B. 3, 442). 

Preparation.—Votassie biomide, hydrie sul¬ 
phate (2 pts.), and water (1 pt.) are warmed till 
liydrie bromide begins to como off. Allyl alcohol 
is then dropped in (Grosheintz, Bl. 30, 98). 

Combinations. —1. With concentrated hyilric 
bromulc forms a mixture of propylene bromide 
(CH :t .CHBr.CH._.Br) and trim ethylene bromide 
(CH.jBr.CHjj.CILBr) which may be separated by 
distillation (Geromont, A. 168, 309).—2. With 
dry HBr it forms chiefly trimethylene bromide 
(}• *.’.).— 3. With bromine it forms tribrombydri» 
(<?. n.).-4. With IC1 it forms C a H 4 IClBr.-5v 
With Clilr at 20° forms C.H.CIlir., but at 100° 
forms C,H Cl.Ilr (M. Simpson, Pr. 27, 110). — 

0. With licit) it produces CjIIjiOHJBrCl,— 
7. It combines with Nlot,. • 

ALLYL BUTYRATE v. Butviuc acid. 

ALLYL-ISO-BUTYL-MALONIC ETHER 
C M H.,0, i.e. (C s H s )C(C J H,)(CO,Et)., (247°-250°), 
From di-sodio-nmlouic ether, allyl iodide, ani 
iso-butyl iodide (Ballo, B. 14, 335). On saponi¬ 
fication it gives an acid [129°] which appears to 
be propyl-iso-bulyl-malonio acid. 

ALLYL CARBAMINE G^N i.e. 
CHj-.CH.CHj.NC (90°-I0G°). S.G. U -794 
Produced by the action of silver cyanide on allyl 
iodide. It is a liquid of disagreeable odour 
Somewhat soluble in water (Lieke. A. 112, 3115V 



DI-AIX71 CABAIKOT, o. Human .mohoi. 
BI-ALtFI-DICHLOBHYDBIN 0 1 H„CL0 J 
t«. C,B„(OH) a Cl 1 . From HCIO and di-sUyl 
(Praybytek, B. 18,1860 i Lauch, B. 18, 2288). 

ALLYLCHIOEIDE (kHjClt.e. CH a :CH.CH a Cl 
(48°) (Thorpe); (44'6°)V' 744 mm. (Briihl). 
S.G.#-9547; V-9379 (Bruhl). O.E. (0’-10’) 
•00137. 8.V. 84-7 (Zander). S.II. •3084 
(Beis). 1-4225. B* 3203 (Briihl). 
H.F.p. 7100. H.F.V.* 69®. M.M. 0008 at 
19-6°. 

Formation. —1. From allyl iodide and IlgCL,. 

2. From allyl oxalate, calcic chloride, and 
alcohol (Oppcnhcim, A. 140, 205).— 3. From 
-allyl alcohol and 1101 in scaled tubes. 

Preparation.- From allyl alcohol and PCl 3 
(Tollens, A. 150, 154). 

Properties. —1. Alcoholic potash , oven below 
100°, converts it into ethyl allyl oxide. Tho 
isomeric ehloropropylenc (20°) is converted by 
alcoholic potash at 120° into allylene.— 2. HCIO 
unites, forming unsymmetrical diclilorhydrin, 
OHX1.CHC1.CILOH, or dichloride of allyl alcohol. 
This body, when oxidised by IINO.,, is converted 
into dichloropropionic acid (Henry, B. 7, 757).— 

3. HC1 combines, forming CH,.CHC1.CH.C1.— 

4. HBr forms CR.Br.CH ...CH..C1, together 
with a little Crr,.CHBr.Cli.01.—5. Warmed 
with H.,S0 4 and then diluted and distilled, 
propylene chlorhydrin is produced (Oppcn- 
heim, A. Suppl. 6, 307).—G. Bromine com¬ 
bines, forming C ;( H a Cl.Br,.~7. With potassic 
cyanide in presence of dilute alcohol it forms 
chiefly pyrotartaric acid, also propylene cyanide 
(Claus, A. 101, 38) and triallylamine (Pinner, 
B. 12.2053). The reactions in tins case are: (a) 
CH./.CH.CH .Cl + IvCN - KCt + CH..:CH.C1I..CN. 

(b) CH..:CH.CH.,CN + HCN - CH 3 .Ctl(CN).CH.CN 

(c) CH 3 .CH(CN).CH,CN f 2KOII + 211,0 =•■ 

2NH S + CH 3 .CH(CO,k).CH,.CO.,K (pyrotartrate). 
The liberated ammonia forms the triallylamine. 
8. With benzene , in presence of aluminium 
chloride, forms diphenylpropane: C a H.,Cl s 2C t) lI (J 
*HC1 + (C $ H 5 ).,C.,H„ (Silva, CM. 80, iiOU). 

ALLYL-PSEUDO-CUMYL-PHTHAL-AMIDE. 
0 w H w N 2 0 2 ».e. C e H,Me s .NlI.CO.C 1 ,TI ,.CO.N IJC.,II :i . 
[179°J. Silky needles. Easily soluble in alcohol. 
Formed by the action of allylamine on phthal- 
pseudo-cumidine (Frohlich, B. 17, 180S). 

ALLYL CYANAMIDE 

0,^0, Jaq. i.e. (CN.NIIC a IIJ*. Shir.minc 
[100°]. From allyl-thio-nrea and Pb(OII) 3 
or HgO. (Will, A. 52, 15; Andreasch, M. 2, 
780; Robiquet a. Buss y,J.pr. 10,231). Alka¬ 
line. Sol. water, alcohol, and ether. Forms 
compounds with flgCl.., .U’tCI,, and oxalic acid. 

ALLYL CYANATE 0,11 NO i.e. C.H.N.CO. 
Allyl carbimidc. (82°). V.D. 3-05 (for 2*88). From 
allyl iodide and silver cyanato (Cahours a. Hof¬ 
mann, Tr. 1857, 555). f 

ALLYL CYANIDE C.H.N i.e. CH,:CH.CH,CN. 
Crptonitrile. Mol. w. 67. (119° cor.). S.G. fl- 8401; 
*lfi-835r; -8308. 

Formation.- 1. By ppg. potassio myronato 
{q. r.) foth silver nitrate and treating the pp. 
with hydric sulphide C # II t Ag,NS.,0 1 -f H.,S = 
0 4 H,N + AgjS + S + IIjSOj.—2.Duringtheferinen- 
tation of black mustard. - 3. From allyl mustard 
oil by zinc dust: C*H 4 NCS t- Zn - ZnS + C 3 IL,CN 
(Schwarz, B. 15, 2508).—4. From allyl 

iu!phocyanide aud sodium (Billeier, B. 8, 405). 


KCy for two days at 110*1 The prodnot hi 
washed, dried, ftrtd heated again with KGy at 
110°. It is then washed, dried over CaGL„ dis¬ 
tilled, freed from oarbamine by shaking with a 
little HN0 3 , and rectified (Uinno a. Tollens, 
A. m, 106). 

Properties.— Liquid smelling faintly of garlic. 

Reactions. — 1. Aqueous or alcoholic potash 
forms NH 3 , and solid crotonio acid [72°J. The 
formation of this crotonic acid may bo explained 
by the assumption that ft -oxybutyrate is first 
formed: CH..:CH.CH,CN + KOH + 211,0 - 
NIL, + CII a .ClI(OH).OH..CO.,K, and that 'this 
splits olf water: CH 3 .CH(OiI).CH,.CO,K« 
11,0 + CH 3 .CH:CH.CO..K, forming potassio 
crotonate. This view is supported by the be¬ 
haviour of allyl cyanide towards HC1.—2. With 
fuming hydric chloride at 60° it forms /3-chloro- 
butvric acid: CH.:CH.CIL.CN + 2I[C1 + 2FL0« 
Nll l Cl + CH 3 .CHCf.ClI.,.COJI. This is an'un¬ 
stable acid, which easily changes to crotonio 
acid. —3. UNO., forms acetic and oxalic acids.— 
4. CrO s forms acetic acid. 

Combinations. — 1. With alcohol. When 
potassio cyanide acts on allyl iodide in alcoholic 
solution, a compound of allyl cyanide and 
alcohol, of boiling point (174°), is obtained: 
CrL:CH.CH,,CN - 110Kt-CJI,.CIl(0Et).CJL..CN. 
Saponified by strong IIC1, this forms ethoxy- 
butyrainide, CH a .CH(OEt).CH..CONH J [71°J, 
which, when warmed with MCI, gives ethoxy, 
butyric acid, ClI 3 .CH(OKl.).CIl..CO,H, boiling 
about 215°. Saponified by potash, the com¬ 
pound of allyl cyanide and alcohol (/3-ethoxy- 
butyronitrile) gives ordinary crotonic acid as 
follows : CH a .CH(Oi:t).CIl.'.CN + KOH 4 II a O = 
NIL,4- HOKt 4 CH 3 .CH:CII.CO,K (Itinne, B. 
G, 380). Dry hydrogen chloride /converts tho 
compound of allyl cyanide ami alcoliol into 
the chloride of /3-chlorobutyrimid-**ther (166°), 
C1I 3 .C11 CI.CH.„C(OKIjXH. This last compound 
is converted by alcoholic pntash into crotonio 
acid (Pinner, B. 17, 2007). 

2. With allyla\cohvl. A similar compound, 
CII 3 .CH(OC,H 5 ).CHgCN (00°),is formed when KCy 
acts on allyl chloride mixed with allyl alcohol. 

Constitution. —From its mode of preparation, 
allyl cyanide ought to be C1L:C1LCI1,.CN, but 
from its reaction with potash it should be the 
nitrilo of ordinary crotonic acid GII,.l-l[:CII.CN. 
From the fact that allyl cyanide and crotonio 
acid both produce acetic acid on oxidation, while 
allyl iodide and allyl alcohol yield no acetio 
acid, Kckul6 assumes the presence of a methyl 
group in the two former and its absence in the 
two last named (B. (1, 38G). This reasoning 
seemed conclusive until tho experiments of 
Pinner, mentioned abov£, showed that, when 
the cyanide is converted into crotonic acid by 
hydric chloride, an intermediate compound 
Af-chlorobutyric acid) is produced, and it is 
therefore possible that when nitric or chromio 
acid is used, an unstable derivative of butyric 
acid (say, /3-oxybutyric acid) is first formed, and 
that it is this which gives acetic acid on oxida¬ 
tion. 

ALLYLENE C a H 4 i.e. Me.ttCH. Methyl* 
acctylcne. 9 l*ropmene. MoLw.40. 8. (ether) 30 at 
16°. H.F.p. -30050 (Thomsen); -37500 (Ber. 
thelot). H.F.V. - 41530 (Th.). 



ipl 

fiqhna(iOf^l» action of alcohoHc SaOH 
upon bromo-propylene (Sawitsoli. <7.12. 52,899), 
chloroqiropylene, or propylene bromide (Mias- 
cikoff, A. 118, 832).—2. By the action of Na 
upon CH S .CCI.,.CHC1„ (Borsche a. Fittig, A. 133, 
111), CH,C1.CC1.,.CH,C1, or CH.,:CC1.CH Cl 
(Pfeffer a. Fittig,' A 135, 357).-3. By electro- 
lysis of calcium incsaconate or citraconate (Aar- 
laud, J.pr. [2J 7, 142).—4. By heating (citru-) 
bromo-pyrotartaric anhydride with ammoniacal 
AgNO ;l Aq at 130° (E. Bourgoin, C. R. 85, 710). 
Colourless gas, with unpleasant smell; burns 
with smoky llame. V. sol. alcohol, sol. water. 

Reactions. —1. Ammoniacal cuprous chloride 
gives a canary coloured pp.—2. Absorbed by 
qonc. 1I,S0 4 much more readily than acetylene, 
allylene sulphonic acid, C a II ;t SOJT, being 
produced. An aqueous solution of this acid, 
when heated, yields mesitylene and acetone 
(A. Schroke, B. 8 , 17, 307).—3. Aqueous vwr- 
curic salts form pps. containing the mercuric 
salt, HgO, and allylene. These pps. are de¬ 
composed by acids with formation of acetone 
(KutscherofT, B. 14, 1541; J. R. 1882, 326).— 

4. KMnO,Aq forms, in the cold, malonic, oxalic, 
nnd formic acids (Berthelot, A. Suppl. 5, 97).— 

5. Cr0 3 Aq forms propionic acid (Berthelot, A. 
Suppl. 8, 47). 

Metallic Derivatives. — CH,.C:CNa : 
white powder, decomposed by water into NaOH 
and allylene (Berthelot, A. Oh. [4] 9, 395; J. R. 12, 
288).—(C 3 U 3 ).,Hg: crystalline pp. formed by 
passing allylene into Nessler’s solution (Kut- 
scheroff, B. 17, 25). 

Combinations. -1. Cold fuming 1IC1 forms 
CHj.CCL.CII.,; HBr, and III act similarly.—2. 
Bromine forms di-bromo-propyleno (q. v.) and 
tetra-bromo-propane (q. v.). Iodine acts simi- 

larly. * 

Iso-allylone CH,.:C:CH... 1. Formed by j 

electrolysis of polassic itaconate (A.).— 2 . By 
the action of sodium on di-chloro-propylenc, ! 
CIIC1:CH.CII,C1 (from symmetrical tri-chforhy- | 
drin, Hartcnstein, J. pr. [2] 6 , 295). 

Properties. —A gas that does not pp. am¬ 
moniacal silver or cuprous solutions. Forms a 
tetrabromide. 



M-Atm HYDRATE v. Hbxbntl Lusonau 
DI-AL1YL-DI-HYDRATE v. Di-oxy-hexanh. 
ALLYLUT v . Glycerin. 


ALLYL IODIDE C 3 FJ a I i.e. CH 3 :CH.CH 2 1 
(102-7° i. V.). S.G. | >-8696. C.E. *00100. 
S.V. 100*9 (Zander, A. Ai, 145); V. D. 5*77 (obs.). 

Formation. — 1 . Allyl alcohol, P, and iodine 
(Tollens, Bl. f2J 9, 396).—2. Glycerin and Pig 
(Berthelot a. do Luce, A, Oh. [3] 43, 257).—3. 
Glycerin distilled with hydriodic acid; excess 
of the latter is to be avoided, as it would con¬ 
vert the allyl iodide into isopropyl iodide: 

CH.,:CH.CH.I + 2111 - ClI.,.Of IT.CH.,1 f HI- 

Cir,.CH:CH, +1. + 111- CH 3 .CHI.CH 3 + h 
(Erlenmcycr, A. 139, 211).—4. From allyl chlo¬ 
ride and calcic iodide (liomburgh, R . 1 , 161; 

; Spindlor, A. 231, 270). 

Preparation. —200 grins, of glycerin, pre¬ 
viously dried by healing to 280°, are mixed with 
125 grms. of iodine. The tubulus of the retort 
is connected by a flexible tube with a flask con¬ 
taining 40 grms. of clear phosphorus in small 
pieces; this flask has also a side tube through 
which carbonic acid is passed until the air is 
cleared out of the entire apparatus. The clear 
phosphorus is added to the contents of the re¬ 
tort by tilting the flask from time to time. Allyl 
iodide distils over rapidly. The addition of 
phosphorus takes about 2.1 hours. The distilla¬ 
tion is then continued until the contents of the 
retort begin to carbonise and vapours of acroloin 
are given off. The distillate is washed with 
dilute NaOH, dried over CaCl.,, and rectified. 
Yield 110 grms. (98° 102°). 

Theory of the Process. - It is usually held 
that triiodhydrin is first formed : 

CHJOH).CII(OII).CIUOH) + P +1 3 = 

H 3 P0 3 + CTU.CIII.CILI, 
and that this splits up into iodine and allyl 
iodide : CH J.CHI.CH,1 -1. + OIL: CH.CH,I. 

But the fact that allyl alcohol accompanies the 
allyl iodide renders it quite likely that the in¬ 
termediate body is diiodhydriti: 

C HJ.CHI.CH 3 O H = I 2 + CTL:CH.CH..OH. 

The allyl alcohol formed in this way being con¬ 
verted into iodide by ni (Henry, B. 11, 403). 

Reactions.— 1. Zinc and HCl reduce it to 


Di -allylene C (i H 8 or CIl :CII.C TL.CH...C:CH 
Allyl-allylcnc (70°). S.G. A -*858. V.T). 2*79 (for 
2-70). Allyl-acctone is converted by PCI, into 
C, ( H V CH,.CCLC lf 3 , which is converted by 
alcoholic KOll into di-allylcno (Tj. Ilenry, Q. R. 
87, 171). 

Reactions.—1. Aqueous silver nitrate gives a 
pp. C (j H 7 Ag aq.—2. Ammoniacal cuprous chlo- j 
ride gives a canary-yellow pp. CJl.Cu aq. 3. 
Alcoholic AgN0 3 gives a pp. CJl.AgKtOH.— 
4. Bromine forms C (| Tr^r,, I 

I»o-aUylene tetra-carboxylic acid v. PnorANrc 

riTnA-CAIiTIOSYI.IO ACID. 

ALLYLENE DI-CHLORIDE v. ,Di -CIILOKO- j 

PROPYLENE. 

ALLYLENE OXIDE C 3 H 4 0 (63°). Formed 
by oxidising allylene with CrO a Aq (Berthelot , 1 
Bl. 14, 110). Pungent neutral liquid. Not ; 
attacked by baryta-water at 150° or by KOUAq 
at 300°. Reduces AgN0 3 Aq. 

ALLY! ETHANE V. PENTINBNn. 

ALLYL ETHER v . Allyl oxide. * 

ALLYL ETHYL OXIDE v. Ethyl allyl 
OXIDE* 


propylene.—2. Salts of silver form silver iodide 
and salts of allyl.—3. Dry hyaric iodide converts 
; it into isopropyl iodide (Simpson, Pr. 12, 533). 

4. With zinc ethyl at 100° it forms amylene, 
pentane, and diallyl (Wurtz, G. R. 5C, 387).— 

5. With cacodyl it reacts thus: As .Me, + 2C 3 H,I «* 
AsMc,I + AsMc,(C 3 lI,)J (Cahours, A. Oh. [3] 62, 
291). -'6. With dry copper zinc couple at 100° it 
forms diallyl: 2C 3 fI 5 l + Zn = Znl, -t (C a H 5 ). i . — 7. 
With urt copper-zinc couple it forms propylene : 
C,H ,1 +11,0 + Zn = IZnOH + C S H„.— 8 . With zinc 
and alcohol (S.G. *805) it aiso%rms propylene 
(Gladstone a. Trifec, C. J. 27, 208).—9. With 
HgBr., at 200° it gives Hgl.„ IIBr and propane 
(Montgolfier a. Girand, B. 12,1211).—10. floated 
at 100 ° for a long time with water it forms allyl 
alcohol (q. v.). —11. With KCN and alcohol it 
forms a (li-cyanide which, when boiled with KOH, 
produces potassiepyrotartrate (Claus, A. 191,38). 

Combinations. —1. With chloride of iodine it 
unites, forming C S H ; ,I 2 C1 (205°-210°), a colour¬ 
less oil (M. Simpson, Pr. 13,540).—2. Ekromwe 
forms C s lI a Br a .—3. Mercury unites with it, form- 
j ing CjHjHgl, mercuric-allyl iodide. 




188 A LLYL-MALONIO ACID. 


ALIYL-MALONIO ACID 

C B H,0, 0,H,CH(CO,H) ! . ri03»]. 
(Conrad a. Bisolioff, B. 18, 697-, A. 204, 166; 
Hjelt, A. 216, 62). Laaqe prisms. V. sol. water, 
alcohol, and ether. At (180° it splits up into 
CO s and allyl-acetic acid. Combines with HBr 
forming liquid (CO Jl)X ; H.O a HJ!r which, when 
boiled with water gives a lactone of oxy-propyl- 
malonic acid (</. v.). fomhtnrs with Br 2 forming 
di-bromo-propyl-malonic acid (q. v.). 

Salts.- CaA": crystalline powder.— Ag.A". 
Ether. —Et.,A"(218°-22S°); (194°) at 330 mm. 
S.G. 1 ? 1-018 (C. a. B.); £ 1011. M.M. 11-28 
at 13-7° (l’cvkin). From sodio-malonio ether 
and allyl iodide. 

Di-allyl-malonic acid 

C„H,.0, i.c. (C,H,) 2 C(C0 2 H).,. [133°]. 
Rhombic prisms ; a:b:c --9916:1:1-0179(Tlaus- 
hofer, Z. K. 11,117). Sol. water, alcohol, and 
ether; v. si. sol. CS... 

Reactions.—1. Heat splits it up into CO. 
and di-allyl-acctic acid. 

Ether Et,A". (210°) (C.a.B.); (203°)at226mm. 
S.G. H -990 (C. a. B.); {? 1-000; $? -993 (Perkin). 
M.M. 15 at 22°. From allyl iodide and sodio- 
malonic ether (Conrad a. Biseholf, B. 13, 598; 
A. 201, 171; Hjelt, A. 216, 01). 

ALLYL MEKCAPTAN 0,11.811. Mol. w. 71. 
(90°) (Hofmann a. Cahours, A. i 02 , 292).— 
C s H,SHgCl . pearly p!ate,s (from alcohol) 
(Gcrlich, A. 178,88). 

ALLYL METHYL ETHEE v. Methyl allyl 
oxide. 

ALLYL MUSTARD OIL t>. Allyl iiiio- 

CAHIUMIDE. 

ALLYL NITRATE C,H,NO a . (106°). 

S.G. u x-09. V.D. 3-51 (for 3-50). From allyl 
bromide and AgNO, (Henry, B. 5,152). 

ALLYL NITRITE C 3 H,NO., i.c. C,II,.O.NO. 
(11°). S.G. 2-955. Prepared by distilling glyceryl 
tri-nitrite with allyl alcohol. An oil. Decom¬ 
posed by MeOH into allyl alcohol and methyl 
nitrite. Its vapour explodes at 100° (Bertuni, 
O. 16, 361). 

ALLYL OXALATE v. Oxalic acid. 
DI-ALLYL-OXALIC ACID (so called) v. 
OXY-OCTINOIU ACID. 

DI-ALLYL-OXAMIDE C.H,,N.,0. i.e. 
C,H.XH.CO.CO.NHC 3 H s . [161°]. (271°). White 
plates. Soluble in hot water. Prepared by the 
action of nllylamine on oxalic ether. 

Tetrabromide. 0,0 2 ( XHC.HPr.jl... In¬ 
soluble in most ordinary solvents, except, hot 
acetic acid (Wallach a. Strieker, B. 13, 513). 

DI-ALLYL OXIDE C„H, s O i.e. (C,,H S ) .0. 

Allyl ether. Mol. w. 98. (82°) (Cahours a. 
Hofmann, A. 192, 290); (91-3° i.V.) (Zander, A. 
214,146). S.G.j)-8223. 8.V./35-5. C.E.(0°-10°) 
•00127. II.F.p. 12460. H.F.v. 9850 (Thomsen). 
DI-ALLYL DI OXIDE 

/°\ /°\ 

• CH„ . CH.CH t .CH,.CH . CHj 
(180°). V.D. = 3-7 (obs.). Mobile colourless 
fluid of slight smell and burning taste. Heavier 
than water. Combines with acids, and pps. 
magnesia from a solution of MgCl,. Obtained 
by the action of solid caustic alkalis upon di- 
allyl-di-chlorhydrin. By boiling with water it 
is converted into the alcohol-oxide 


CH 2 . CH.CH 2 .CH 2 .CH(0H).CH.,(0H), 
which only by long heating with water is con* 
verted into the tetra-hydric alcohol 
CH..(OH).CH(OH).CH.,.CH 2 .CH(OH).Cn 2 (OH) 
(Pifybytck, B. 18, 1350). 

o - ALLYL - PHENOL. Methyl derivative 
C„II,„0 i.e. C,H 1 (OMe).OH„.CH:CH„. (233°). 
S.G. f} -9972; -9884 ; Jg -9793. Formed by the 

action of Na 2 C0 3 Aq on tho product of the union 
of III with tlie methyl derivative of (a)- or (0)- 
oxy-phenyl-crotonic acid (q. v.). It is an oil; 
combines with bromine; forms a red solid with 
11,SO, (Perkin, G. J. 39, 425). 

p - AHyl-phenol. Methyl derivative. (232°) 
S.G. 23 -985. Prepared as above from cor¬ 
responding jo-compound. Anethol (q. v.) is 
isomeric with this body. Anol (q. v.) is isomeric 
with allvl-phenol. 

ALLYL-PHENYL-THIO-UREA C 10 H,,N.S 
i.c. CjH,.NH.CS.N41Ph. [98°]. S. (alcohol) 
71 at 18°. From oil of mustard and aniline 
(Zinin, A. 84, 348); from allyl-amine and 
phenyl thio-carbimido (Wcitli, B. 8 , 1529). 
Monoclinic crystals; v. sol. ether, insol. water. 
Cyanogen passed into an alcoholic solution 
forms C, 0 H,,N.,S(CN).„ ppd. by water (Maly, if. 
1869, 261). When this is warmed witli alcohol 
and dilute IPSO, it forms tho oxolyl derivative. 
Oxalyl Derivative 

CO.NCX\ 

s \CS [161°]. Lemon-yellow needles, 

CO.NC.H/ 

insol. water, si. sol. cold alcohol. 

ALLYL-PHENYL-UREA C„,H l .,N J 0 i.e. 
C,H,.NH.CO.NHPh. [97°]. Needle's. Got from 
its oxalyl derivative by baryta (Maly, Z. 
1809,263). • 

CO—NCjII 5 v 

Oxahjl-dcrivative I ]>CO. 

CO —NC t H/ 

From the oxalyl derivative ot allyl-phenyl-tlrio- 
un's iq. v.) and warm AgNO, in alcoholic solu¬ 
tion. Long needles. Insol. water, v. sol. 
alcohol, benzene, and CS... 

ALLYL-PHTHALIMIDE v. Puxiialio Acid, 
Allylamidc. 

ALLYL - PROPYL ALCOHOL v. IIexenyl 
alcohol. 

ALLYL-PR0PYL-AM1NE CJI„N i.e. 
C.ILNHCjH., (c. 112°). S.G. (J =-7708 
Colourless fluid. S. = about 6 . Prepared by 
the action of propyl bromide on nllylamine. 

Salts: B'.dljCljPtCI,: orange crystals— 
B'lLC.jO,: si. sol. needles. —-B'.,1I _,C ,0, x ; thin 
plates (Liehermann a. Paal, B. 16, 525). 

Allyl.di.propyl.amin 4 (C 3 H,) 2 NC 3 H 5 . (c. 147°). 
Colourless fluid. S = about 2. Formed by ths 
action of propyl bromide on allylamine. 

Salts.— B' 2 H...Cl 2 PtCl 4 ; orango-red trimetrio 
crystals, n;o:c - -9831:1:1-1217. 

B'HClPtCl.: sparingly soluble yellow needles 
[152°]; formed by boiling the preceding salt 
with water (Liehermann a. Paal, B. 16, 627). 
ALLYL-ISO-PROPYL-BENZENE t). Pao- 

I’ENYL-ISO-PItOPYL-BENZENE. 

ALL’LL DX-PROPYL CARBIN0L *. Decenyi 

ALCOHOL. 

Di-allyl propyl carbinol v. Dec-inyl alcohol, 
n-ALLYL-PYRIDINE C,H,(C,H,)N. (0.190°), 
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B.O. * -9595. Colourless refractive oil j si. sol. 
water. Prepared by heating pure (a)-picoline 
with paraldehyde for 10 hours at 260°-260°. 
On oxidation it gives picolinio acid [183°]. On 
reduction in alcoholio solution by means of 
sodium it yields (a)-propyl-pyridino (inactive 
ooniine). , 

Salts. —(B'HCl).jPtCl, : [186°], sparingly 

solublo needles. - B'HClAuClj* : [136°], oily pp. 
solidifying to small needles.—(B'HCl) 2 HgCU“ : 
very sparingly soluble crystalline pp. (Laden- 
burg, B. lft, 2578). 

v-AIXYL-PYRROL C,H„N i.e. CJI.N.CJI,. 
[105°] at 48 mm. Formed by tbo action of allyl 
bromide on pyrrol-potassium. Colourless oil. 
Volatile with steam. Almost insoluble in water. 
IIgCl 2 gives a white pp. (Ciamician a. Dennstedt, 
B. 15, 2581; G. 13, 17). 

ALLYL-RESORCIN C,H a (CJI.,)(On)„. 1Mono- 
methyl ether C,II 3 (C 3 II 5 )(OMc)(OH). (245°-250°); 
V.D. 165 (obs.); colourless oil (Pechmann a. 
Cohen, B. 17, 2132). 

ALEYL-SUCCINIC ACID 
C,H,„0, i.e. CO.H.CHj.CHfCjHJ.COJI. 
[94°]. Plates (from alcohol). Prepared by heat¬ 
ing atlyl-ethane tri-earboxylic acid to 160°, CO, 
being evolved. Strong aqueous IlBr converts it 
into the corresponding lactonic acid— 

oh s .ch.ch 2 .ch.ch 2 .co 2 h 

O-CO 


Salts : A"Ca* : crystalline, soluble.—A"Ba* : 
easily soluble, amorphous.— A"Ag./ : sparingly 
soluble, amorphous.—FeS0 4 gives a flocculenfc 
pp. (Hjelt, B. 10, 034). 

ALLYL SULPHATE C 3 H a S0 4 i.e. 
C 3 H : ,0.S0 2 .0II. Hydrogen allyl sulphate. Allyl- 
sulphuric acid. From allyl alcohol and H,S0 4 
(Cahours a. Ifofmann, C. J. 10, 316). 

Salts.-(S zymanski, A. 230, 43.) BaA' 2 .— 
SrA'jj.—CaA'._, 2aq.—CuA ' 2 4aq.—PbA' 2 PbO 6 aq.— 
MgA'„ 4aq.—KA'.—NaA'.—N11 4 A'. 

ALLYL SULPHIDE C (i H ln S i.e. (C 3 H 3 ) 2 S. Oil 
of Qarlic. M. w. 114. (140°). 

Occurrence.— In the essential oils obtained 
by distilling, with steam, tho leaves, seeds, or 
bulbs, of various plants ( allium sativum , alliaria 
officinalis , allium cepa , thlaspi arvense). Often 
associated with allyl-thio-carbimido ( q.v.) (Wert- 
heiin, A. 51, 289; 55, 297; Pless, A. 58, 36). 

Formation. —From allyl iodido and alcoholic 
K.S (Hofmann a. Cahours, A. 102, 291). 

Properties. —A light oil, smelling of garlic. 

Combinations. —1. Forms pps. with salts of 
Au, Hg, Pd, Ft, and Ag.—(O.irj.SPtS* (W.)— 
(C 8 H 5 ).,SAgN0 3 (Ludwig, A. 139, 121). 

Hg£HHgCl.J 3 2(C 3 H 5 ) 2 S (W.) 

2. Combines with Mel (Cahours, Z. 1865, 438); 

ALLYL SULPHOCYANIDE C 4 H 5 NS i.e. 
C a TL.S.CN. Allyl thio-cyanate. (161°). 
S.G. 2 1071; - 1 * 1-056. 

Formation. —1. From lead sal! of allyl 
mercaptan and cyanogen chloride in ethereal 
solution (Billeter, B. 8 , 464): 

(C 3 H 3 S) 2 Pb + 2C1(CN) - 2C s H 5 .S.CN + PbCL 
2. From ammonium sulphocyanido and a cold 
alcoholic solution of allyl bromide (Gerlich, A. 
178,85). 

Properties.— Changes spontaneously into the 
isomeric allyl-thio-carbimide, especially when 
boiled. Alcoholio KOH forma KSCN. Does not 


give immediate pps. with ammoniacal AgNO, or 
alcoholic HgCl^. Zn and HC1 in alcohol form 
(C 3 HJ 2 S and HON (G.). Sodium amalgam forma 
Na 2 S and allyl carbamine (B.). 

ALLYL-SULPHOHIC ACID v. Propylenb 

SULPIIONIC ACID. # 

ALLYL 8ULPHYDRATE v. Allyl mercaptan. 

ALLYL-TAURINE C 3 H M NS0 3 i.e. 
C :i TI.NII.CH 2 .CH,CO i rL fl90°-195°]. From 
CILC1.CII 2 .S0 3 H and allysamineat 160° (James, 
C. J. 47,369). Prisms (from alcohol). V. e. sol. 
water. 

ALLYL-THIO-CARBAMIC ACID Ethyl ether 
C (i H,,NSO i.e. C.,U.NII.CS.OEt. AUyl-thio- 
urethanc (210°-215°). S.G. 1* 1-030. From oil 
of mustard and alcohol at 110 ° : 

C 3 H 3 N:CS + HOEt - GJL.NH.CS.OEt 
(Ilofmann, B. 2, 119). Ppd. by HgCl.Aq. 

Allyl-di-thio-carbamic acid C. t H,NH.CS.SH. 
From allyl thio-carbimide and alkaline sulphy- 
drates: C 3 II 5 N:OS + IISK = C 3 II 3 NH.CS.SK. The 
free acid is unstable. 

Salts.—NH,A' : unstable lamime.—KA': 
large rhombic plates.—NaA'Haq: unstable 
nacreous lamina*.—BaAViaq: laminre ; v. sol. 
water. - PbA'.,: white pp. (Will, A. 52, 30). 

ALLYL THIO-CARBIMIDE C.H-NS i.e. 
C.,H a N:CS. Oil of mustard , allyl mustard oil, 
allyl thio-cyayiate , allyl iso-thio-cyanate, ally6 
sulphocyanide, allyl iso-sulpho-cyanide, allyl 
sulpho-carbijnide. M. w. 99. (151°). S.G. 5 1-028. 
S.V. 113-12 (K. SchifT, B. 19, 568). II.F.p. 
-45,540. H.F.V.-46,700. V.D. 3 54 (for 3*42). 

Occurrence. —In the oil distilled from the 
seeds of black mustard ( sinapis nigra). Also pre¬ 
sent in oil of garlic, and in horse-radish. 

Formation.— 1. Seeds of black mustard con¬ 
tain potassic myronate, and also an unorganised, 
nitrogenous ferment, myrosin. When treated 
with water, tho ferment splits up the potassic 
myronate thus: 

C in H 1 H NS.O 10 K « C 3 H 3 .NCS + C„H,..O a + KHS0 4 . 
At low temperatures a little allyl sulphocyanidc 
is also formed (E. Schmidt, B. 10, 187).—2. 
Allyl sulphocyanido ( 5 . v.) changes, slowly at 
15°, quickly on boiling, into allyl thio-carbimide 
Consequently, when allyl iodide is distilled with 
alcoholic potassic sulphocyanide (Zinin, A. 
95, 128; Berthclot a. Dc Luca, A. Ch. [3] 
44,495), or allyl sulphide (Wertheim, A. 55, 297), 
the product is allyl thio-carbimide. 

Properties.— Oil with pungent odour and 
burning taste. Blisters the skin. SI. sol. water, 
v. sol. alcohol or ether. Slowly decomposed by 
water, sulphur being liberated. 

Reactions. —1. Zinc and hydric chloride re¬ 
duce it to allylamine and tliio formic aldehyde : 
CJI.NCS 4 2IL. = C a H.NIL, 4 - HXS, the latter 
being partly reduced to meflfcane and H.jH 
(Ilofmann, B. 1, 179).-2. HClAq at 200° forms 
allylamine, C0 2 , and H.S (U.).—3. Alcohol at 
100°, or alcoholic potash , forms allyl-thio-car- 
bamic ether (q. t>.).—4. Aqueous alkalis, or 
water and the oxides BaO, PbO, Ag.,0, or HgO, 
form di-allyl-urea: 2CjH s NCS + 3PbO fUfi = 
(OJIjJjNjlIjCO + 2PbS + PbCO a .— 5. K 2 S at 100° 
forma potassic sulphocyanide and allyl-aul- 
pliide.—6. NHj forma allyl-thio-urea ( thio-sina - 
mine). — 7. Aldehyde-ammcmia forma aeedlea 
of CuHjiNjSjO. [108° | (B. Schifl B. 9, 571). 
—8. Furfuramide. in alcoholic solution at 
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t00° forms 0 4 ,H,,rv,v/,w,—*- 1 .— ,- 

B. 10. 1191).—9. Boiling oono. KHSO, forms 

C. H.NH.CS.SO.K. Pearly plates (form alcohol) 
(B6hler, A. 154, 59). 

ComUnation.-CfO^CS Ag.,S0 4 . Formed by 
adding AgNO,Aq to aqueKns potassic myronate 
(Will a. Earner, A. 125, 2'7). 

Additional References .—Boutrona. Robiquct, 
J. Ph. 17, 290; Henry a, Plisson, J. Ph. 17, 
451; Dumas a. Pelouze, A. Ch. [2] 53, 181; 
Aschoff, J. pr. 4, 314; Kobiquet a. lSnssy, A. Ch. 
[2] 72, 328; Boutron a. Fremy, J. Ph. 10, 112 ; 
Bowie a. Weidmann, J. pr. 19, 218; Will, A. 
62, 1; Gerhavdt, A. Ch. [3] 14, 125; Hnbatka, 
A. 47,153; Vollratli, J. 1871, 408; Grabowski, 
A. 138, 173. 

ALLYL-THI0-HYDANT0IN C„II,N.SO i.e. 


HN:C/ 


,N(C,H s )’CO 


V 


-CH, 


Formation.— (1) By the action of ohloro- 
■acetic acid on allyl-thio-urea in aqueous solution 
*t 100°. (2) By the action of allyl-oyanamide 
on thio-glycollic acid. 

Minute needles. Sol. hot, b1. sol. cold, water. 

The hydrochlorido (B'HCl) forms glistening 
prisms. (Andreaseh, B. 15, 320; M. 2, 775). 

ALLYL-THIO-PARABANIC ACID v. Thio- 

fARABANIC ACID. 

ALLYL - THIO - URAMID0 - BENZOIC ACID. 

’C 1 ,H„N..SO,i.c.C,H 1 NH.CS.NH.O,H 4 .CO,H. [1:3] 
[189° uncor.]. Formed by boiling m-anudo- 
benzoic acid with an alcoholic solution of allyl- 
thio-carbimidc. Plates. (Aschan, B. 17,431.) 

ALLYL-THIO-UREA. C,II,N..S i.e. 
CjH.NH.CS.NH... Thiosinaminc. M. w. 116. [74°]. 

Formation.— From allyi mustard oil and 
ammonia (Dumas a. l’elouze, A. Ch. [2] 53,181; 
Aschoff, J. pr. 4, 314; Liiwig a. Weidmann, 
J. pr. 19, 218; llobiquct a. Bussy, J. pr. 19, 
232; Will, A. 52, 1). 

Properties. —Prisms, without smell. M. sol. 
water, v. sol. alcohol, and ether. 

Reactions.— 1. HgO or PbO converts it into 
allyl-cyanamide (q. t;.).—2. Warm AgNO a Aq 
forms allyl-urea. 

Combinations. — (C,H,N 2 S HCl) 2 PtCI 4 . — 
•C,H,N 2 S2HgCL:curdy whitepp. - C 4 H 8 N 2 S AgNO„. 
—C,H,N 2 SBr," [147°], six-sided columns ; sol. 
water, and alcohol. Converted by moist Ag.,0 
into alkaline C t H,N 2 S BrOH, whence HC1 forms 
CJIjNSBrCi [130°]. (Maly, Z. 1807, 42).— 
(0,lI,N..SBr 2 ) 2 PtCl,. - (C 1 H,N ! SBrCI),l*tCl 4 . - 
OJI.N.HBrClAuBr,. — C ( H,N,S1, [90°]. — 
C,H s NjSC 1I.—C 4 H,N 2 SCy 2 : converted by hot 
dilute HjSO. into allyl-THio-rAUADANic acio 
la. v.). (Maly, Z. 18C9,259). - C.H.NBICyAgCy. 

Ethyloiodide C,H,N 2 SEtI. [72°](Welzicn, 
A. 91, 103; M^. 

ALLYL-UREA C,H,N 2 04.«. C,H s NH.CO.NH r 
Allyi carbamide. [85°]. Formation.- 1. From 
ally! • cyan,rite and hot NH,Aq (Hofmann a. 
Cahours, Tr. 1357, 555).—2. From allylamine 
snlphgtc and potassic cyanato (Andreaseh, M. 5, 
•34).—3. F rom aliyl thio-nrea and AgNO,Aq, the 
liberated UNO, being neutralised by baryta. 
The yield is 92 p.c. of the theoretical. 

Properties ,—Needles. V. c. sol. water, and 
«!cohftl, v. el. sol. CHC1„ and other. Br, forms 
<U-bromo-propyl-nrea.—Salt.—B'HNO,. 

Di-allyl-uroa (C,H,NH),CO. Sinapoline.[ 100°]. 


FomathM.*-t, By ifla of wttwf and PbO 
or baryta oh aByl thio-carbimide (Simon, P. 6Q, 
877; Wm, A. 52, 25).—2. By heating aliyl 
oyanate with water or aqueous potash. 

Properties.— Unctuous shining laminm. V. soL 
alcohol, ether or hot water; volatile with steam. 
Its|,queous solution is ppd, by HgCl, and PtCl, 
Dry HC1 liquefies sinapoiine forming B'HCl. 

ALMONDS.—Bitter almonds contain a gluoo- 
side, amygdalin ( q. v.), and a nitrogenous un¬ 
organised ferment, emulsin. Sweet almonds 
contain amygdalin but not emulsin. When 
bitter almonds aro ground up with cold water, 
the amygdalin is split up by emulsin : 

C ,„H,,NO„ + 2H.0 = C,H s O + CN [I + 2C„H 12 0,. 
The essential oil of bitter almonds is obtained 
by distilling the product with steam. It con¬ 
tains benzoic aldehyde, prussic acid and man- 
dclonitrile, the product of their union. The 
presence of mandelonitrilo is indicated by the 
formation of phonyl-ethylamine when the oil is 
acted upon by nascent hydrogen (Fileli, O. 9, 
440). Both sweet and bitter almonds yieM by 
pressure a fixed oil , S.G. -- ‘913 ; this consists 
of olein with some stearin and palmitin. It is 
callod oil of almonds. 

ALNElN. -A golden yellow colouring matter 
in the alder, birch, and beech (Savigny a. Col- 
lincau, C. C. 1881, 703 ; C.J. 42, 309). 

ALOES. —The thickened juice of various 
species of aloe. 

AL0ETIC ACID C l4 H,N,O, 0 aq, i.e. 

C,,U 1 (NO. l ),0.flq(?).'Bctra-nitro-anthraquiiwne(?) 
Obtained," together with chrysammic acid, by 
warming aloes with HNO, (Schunelc, A. 39, 24; 
65, 235; G. J. Mulder, A. 72, 286; Finck, A. 
134, 236). Yellow amorphous powder. SI. sol. 
cold water, m. sol. hot water or alcohol, forming 
purple solutions, which become yellow on 
addition of acids, and red again when neutral¬ 
ised. It has a bitter taste. Boiling HNO, con¬ 
verts it into chrysammic acid, and ultimately 
into picric acid. Warm potassium or ammonium 
sulphide containing excess of alkali forms 
an indigo-bluo gelatinous mass. Salts; 
BaC, ,H 2 N 4 O, 0 . Ag.,A" : insoluble, dark red 
powder. 

ALOlN. —The purgative principle in aloes, 
There are several varieties classified by Shen- 
stone (Ph. [3] 13, 461) as follows : (1) Nala- 

loins. —Aro not reddened byHNO„butconvcrted 
by it into picric and oxalic acids.—(2) Barba• 
loins —aro reddened by HNO,, aloetic, chrysam. 
mic, picric and oxalic acids being formed. These 
may be subdivided into (a)-barbaloins, reddened 
by cold HNO, (S.G. 1-4), (B)-barbafoins, reddened 
by fuming HNO,, not by cold HNO, (S.G. 1’4), 
The atoins may bo exacted by hot water oi 
hot spirit from the various aloes, and purified 
by re-crystallisation. They dissolve in caustic 
and carbonated alkalis, forming orange solu¬ 
tions. Their solutions aro ppd. by lead 
subacetate. 

(a)-Barbaloin, C ls H„0, and (3) - Barbalolu, 
Zanzaloin or Socaloin 0 IS H„0, occur in aloel 
from Burbadoes, Soootrina, Zanzibar and Jaffer 
abad (T. a. H. Smith, Chem. Gae. 1851, 107; 
Stcnhouse, PM. [3] 87, 481; Tildcu, O. J. 25 
488; 2», 1370). 

Reactions. —1. By distilling with tine dun 
a very little methyl-anthracene may be got (X 




Sbhmidfc £. 8* 1275).—2. Potash-fusion (jives 
orcin,» - oxybenzoio acid, and alorcinio acid.— 
8. Boiling dilute sulphuric acid forma p-coumario 
acid. —4. HOI andKClO, form tri-onloro-aloin, 
0 la H, 5 Cl s 0 7 , yellow prisms (from alcohol).—5. 
Bromine forms tri-bromo-aloi'n ; yellow needles 
(from alcohol).—G. Ac./) forms tri-acetyl-alAn, 
0, 6 H, 5 Ac., 0, : amorphous. 

Nataioln C, fl H 18 0 7 (?). Occurs in Cape aloes 
(Fliickiger, Ar. Ph. [2] 149, 11; Bl 17, 328; 
Tilden, C. J. 25, 153). Thin bright yellow 
scales; si. sol. water, benzene, ether, CS 2 , and 
CHClj. Its solution in H 2 S0 4 is turned green by 
KNO„ the colour changing through red to blue. 

Additional References. —T. B. Groves, Ph. lft, 
128; Orlowski, Fr. 5, 309; Hlasiwetz, A. 134, 
287 ; Rembold, A. 138, 186 ; Borntrager, Fr. 20, 
234; It. H. Groves, Ph. [3] 11, 1045; Lcnz, 
Fr. 21, 220; Plengn, Ph. [3] 15, 330; Cripps a. 
Dymond, Ph. [3] 15, 633). 

ALORCIC ACID C„H l0 O 3 aq. [97°]. C 9 II l( ,0 3 
[115°] i.e. C 9 H/OH)Mc 2 .CO,H. Formed in small 
quantity, along with p-oxy-benzoic acid and 
orcin, by fusing aloes with KOH (Weselsky, A. 
167, 65). Long needles. SI. sol. cold water, v. 
sol. hot water, alcohol, and ether. The aqueous 
solutionis not coloured by FcXl^Aq, but alkaline 
solutions are turned cherry-red by air. Hypo¬ 
chlorites turn the aqueous solution of the acid 
purple-red, colour destroyed by excess. Basic, 
but not neutral, lead acetate gives a pp. Alorcic 
acid reduces silver nitrate and Fchling's solution. 
Fused with potash it forms orcin and 1CC0 3 . 

Salts. BaA' 2 Gaq: small needles.—CaA' 3 : 
needles—CuA'., 4aq. 

Acetyl derivative C 9 H u Ac0 3 : [125°] ; 
needles. 

Anhydride C i( H 3 0 2 : [138°]; formed by 
distilling the acid. 

AL0XANTHINC i; ,H 10 O 6 i.e. C 14 H 3 Me(0H) 4 0... 
From barlmloin and socaloin, but not from 
nataioln, by chromic mixture. Iteduced, by 
distillation with zinc dust, to methyl-anthracene. 
Its alkaline solutions aro cherry-red. Nitric j 
acid converts it into aloetic and chrysammie 
acids (Tilden, Ph. [3] 8, 231; C. J. 32, 903). It 
forms an acetyl derivative C^llaAcO,;. 

ALPHA. To find compounds beginning with 
this prefix, remove tho prefix and look for the 
remaining word. 

ALPININ C 1; H I .,O a . [174°]. Light yellow 
needles ( + 11/)). Occurs, together with cam- 
phoride and galangin in the galanga-root (Jahns, 
B. 14, 2810). 

ALSTONIDINE. [181°]. An alkaloid occurring 
along with alstonine (q. v.) and porphyrino (q. v.) 
in the bark of Alstonto, constrida. It may be 
separated from porpkyrine by its more sparing 
solubility in petroleum. It crystallises in radia¬ 
ting needles, sol. alcohol, chloroform, and ether. 
Its solutions display intense blue fluorescence. 
It is not coloured by cone. HBO, or 1IN0 3 . 
Its salts crystallise in colourless needles. The 
gold and platinum salts are golden floeculent 
pps. (Hesse, A. 205, 368). 

ALSTONINE C 21 H 20 N. J O 4 3$aq. Chlorogenine 
(F. v. Miifier a. L. Hummel, C. J. 35, 34 ; Oberlin 
a, Schlagdenhauffen, Ph. [3] 10, 1059; O. 
Hesse, A. 205, 360). An alkaloid in tho bark of 
Aktonia oonstricta (F. t.M.), from which it may 
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be extracted fcy alcohol. The extract is evapo¬ 
rated, treated with very dilute HC1, filtered, ppd. 
by NH„ dissolved in ether and evaporated. 

Properties.— Orange-ve 1 low, brittle, pellucid, 
bitter, mass. It melts l iow 100°. When dry r 
it melts at 195°. It dissolves easily in alcohol, 
ether, chloroform, and dilute acids, but sparingly 
in water. All dilute solutions show blue fluo¬ 
rescence. Salts. ISd. by excess of acid.— 
(B'HCl).PtCl,4aq.—(B'HCl).JIgCL—B' 2 H 2 Cr 2 0 7 . 

ALUMINA. —Oxide of Aluminium, A1 2 0 8 , v. 
Aluminium, Oxide of. 

ALUMINATES.— Certainmincrals are known, 
e.g. Al 2 0 3 Mg0, A1.0 ; ,BeO, Ac., which may be re¬ 
garded as dcri\ed from the hydrate A1 2 0 3 .H/) 
(r. Aluminium, Hydroxides of), by replacing H 3 
by Mg, Be, Ac. Some of these minerals have been 
prepared by Ebelmen (/l. Ch. [3] 22, 211) by dis¬ 
solving AL0 3 and the other metallic oxide in 
molten boric acid, and removing part of the sol¬ 
vent by long-continued heating; in this way he 
prepared spinelle AL0 4 Mg, chrysoberyl Al 2 0 4 Be, 
Ac. By heating ALF 6 with boric acid and ZnF 2 , 
Dcville and Caron obtained gahnito AL0 4 Zn. 

Barium aluminate AL0 4 Ba.4H 2 0 was ob¬ 
tained in crystals by fusing Al 2 O a and carbon 
with BaO, BaCO a , Ba2NO s , or BaS0 4 , dis¬ 
solving in water and crystallising (Deville, O. R. 
54, 327; v. also Gaudin, G. R. 54, 687; also 
; Beckmann, J.pr. [2] 26,388 a. 474). Compounds 
j of A1. 2 0 3 and BaO obtained by action of BaOAq 
on Al./) 3 and ALCl^Aq are described by Beck¬ 
mann (B. 14, 2151). 

Potassium aluminate A1 2 0 4 K...3H 2 0 was 
obtained in crystals by Fromy (A Ch. [3J 12, 
362) by fusing ALO a and KOH in a silver dish, 
dissolving in water, and evaporating in vacuo ; 
this salt may be recrystallised from con . aqueous 
solutions, from dilute solutions Al.,O ti ii s separates 
out. 

Sodium alumuuite has not been obtained 
crystallised. An impure salt is used in manu¬ 
factures ; it is obtained by heating cryolite and 
CaO, or bauxite and NaOH, in steam, dissolving 
! in water and evaporating to dryness (Morin, J. 
1862. 068). Tissicr (C. R. 48, 627) described 
four compounds to which ho assigned tho com¬ 
positions Al./^Na,,, AljOyNa,., ALCFNa.,, and 
AL0 4 Na 2 ; but no analyses aro given in the 
original paper. M. M. P. M. 

ALUMINIUM.— Al. At w. 27 02 (Mallet, T. 
171,1003). Mol. w. unknown as V.L). has not 
been determined. [About 700°]. S.G. (fused) 
2-581 (Mallet, T. 171, 1003); (after pressure of 
6,000 atmos.) 2-562 (Spring, A. Ch. [5J 22, 170). 
S.H. -218 (Louguinine, A. Ch. [5J 27, 398); 
(O^-lOO 0 ) -2253 (Mallet, l.c.), C.E. (lin. at 40°) 
•002313; (lin. 50°) *002336 (bjzeau, C.R. 68, 
1125) T.C. (Ag - 1P0) 31-33 (Lorenz, IT. 13,422). 
K.O. (Jig at 0° ~1) 2007 at O’, 16-15 at 1S» 
(Lorenz, l.c.). S.V.S. 10-4. Chief lines in spec- 
tram, 690(10, 8948-4, 3612-4, 3091-9, *8081-8,. 
2815-3, 2630 6 (Hartley, T. 175, 301). 

Occurrence. —The metal aluminium does not 
occur native; but as silicate (in all clays and in 
very many minerals, especially the felspars), and 
oxide (corundum, diaspore,&c.),andfluoride (ervo 
lite), it is very widely and largely distributed, 
forming nearly ^ of the earth’s crust. Alumina 
was shown to be a distinct earth by Marggvaft in 
1754; the metal was separated bjr Wohler is 
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1328 (P. 11, 146), and in purer form in 1854 (A. 
83, 422). 

Preparation.— Wflhler decomposed Al.,01, by 
E; in 1854 Deville emnloyed Na and decomposed 
2NaCl.Al.,Cl„ (/. pr. COT, 113, 21!), 386). Bun¬ 
sen (P. 92, 648) decomposed fused 2NaCl.Al a Cl, 
by an electric current. Koso (P. 90, 152) decom¬ 
posed 6NnF.Al.Fn (cryolite) by fusing it witli KC1 
and Na. Basset frl. A809. 753) reduced \ 

2NaCl.ALCl, ( by Zn, and heated the Zn-Al alloy 
to white heat to remove the Zn. The A1.,C1 (: may 
also be reduced by KCN (Wagn, J. 1858. 1); a 
compound of A1 and S may be reduced by Fe, or 
by hydrocarbons (Petitjean, J. 1858. 13(1); and in 
other ways. The usual metliod of preparation is 1 
to heat 2NaCl.Al..Cl,. with about 30 p.o. Na and 
40 p.e. cryolite (as a flux), on the hearth of a 
reverberatory furnace, and to run off the molten 
Al into iron moulds. The 2NaCl.ALCl,j is pre¬ 
pared by heating bauxite (silicate of Al containing 
Fe) with Na.CO,, whereby Na aluminato is formed, 
dissolving in water, ppg. ALO ;i by a stream of 
CO. ; , collecting, washing, and drying the A1.,0 3 , 
mixing it with charcoal and NaCl and heating 
strongly in Cl whereby 2NaCl.ALCl i is formed 
and distilled off into receivers. Mallet (T. 171, 
1003), prepared very pure Al by fusing ALBr,. 
with KOI and NaCl in the ratio 2(KC1.NaCl):AL,Br„, 
and then heating with Na in clay crucibles lined 
with Al.^Oj and Na aluminate; the reduced metal 
was heated on a support of Al.,0.,, washed with 
HClAq, then with water, and dried at a gentle 
heat. J 

Properties. —A tin-white metal; grey when 
in powder. Odourless and tasteless. After fusion j 
about as hard as silver; hammered metal is about j 
as hard as soft iron. Very malleable, and ductile; j 
very sonorous; may be highly polished. Tena¬ 
city nearly equal to that of Cu (V. Burg, D.P.J. 
151,280); less than that of Zn (Karmarsch, D.P.J. 
152, 441; 172, 55). Very feebly magnetic. 
Melts fairly easily (about 700°) and crystallises, 
apparently in regular oetahedra, on cooling. 
Non-volatile, and non-oxidisable in air; heated 
in oxygen becomes covered with film of AL,0 3 . 
Unacted on by ELS or ammonium sulphides, and 
by S only at high temperatures. Scarcely 
attacked by HN(),Aq, but dissolved by 
HClAq, H 3 SG 4 Aq, KOllAq, and NaOHAq. Most 
specimens of Al contain Fe and Si; they are 
more easily oxidised than the pure metal. 

Aluminium forms one series of salts the 


The atomio weight of Al has been deter¬ 
mined} (i.) by analyses and determination of 
V.D. of Al 2 Cl a , AU3r (i , and Al.,I a ; (ii.) by measure¬ 
ments of S.H. of Al; (iii.) by comparison of 
various compounds (e.g. A1,,0 3 , and alum) with 
isomorphous compounds of Cr and Fe; (iv.) by 
amfysos of ammonia-alum and ALBr u , and by 
measuring the H evolved by the action of Al on 
NaOHAq (Mallet, T. 171, 1003 i.; v. also for older 
doterminationsBerzclius, P. 8,187; Dumas, A.Ch. 
[3] 55, 151; Tissier, CM. 40,1105 ; Terreill, Bl. 
31, 153). 

Aluminium is a distinctly metallic element; 
no allotropic forms of it are known. According 
to the investigations of Wheatstone (J. 1855. 22), 
in KOHAq Al is electropositive to Cd, Sn, Pb, 

| Fe, Cu, and Pt, and negative to Zn; in HClAq 
j Al is positive to Sn and Pb, and negative to Zn 
! and Cd. Al decomposes IL.O at 100°. It reacts 
i with acids to form definite salts, but at the same 
1 time hydrated ALO., dissolves in alkalis to form 
: unstable salts in which the Al forms a part of 
the negative, or acid, radicle ( v. Alijminatf.s). 

The thermal value of the action of acids on 
ALO a .31LO is a largo positive number approxi¬ 
mately equal to the value for CdOJL and FcO.JL, 
although considerably less than the values of the 
corresponding actions with CaCLH 2 , SrO.JL, and 
BaOJIj thus (Thomsen):— 


M 

(M, 2HC1 Aq] 

M 

[M, 2FIC1 Aq.) 

CaO.IL 

30,490 

A1,0„H, 

3 

18,640 

SrO.Hj 

27,830 

CdO.Hj 

20,200 

BaOJI, 

40,012 

FcOJI, 

21,390 


The difference between the heat of formation 
of a metallic chloride and hydroxide has. 
usually a positive value; in the qjiso of a non- 
| metallic chloride and oxide the difference is 
! usually a negative quantity (Thomsen, Th. 

| 3, 531); in the case of Al the difference in 
j question has a largo negative value, thus 
j [A1-, Cl 8 ] - (Al 2 ,0*,3II OJ = - 22, 320. Al shows 
I several analogies with Be; they both very 
! readily form basic and double salts ; AhO s is 
; less basic than BeO; both metals readily alloy 
i with Hi; neither seems to be easily acted on by 
i S. For fuller discussion of the chemical rela- 
' tions of Al v. E a urns, Metals of the. 

| Reuctioiis. —1. Puro Al is unacted oil by 

j ordinary air ; impure specimens of the metal 
become covered with a film of oxide.—2. Water 


simplest formula) of which represent them as 
derived from acids by replacement of IIj by Al; 
e.g. A1 2 .3S0 4 , A13NO* Ac. 

The atom of Al is trivalent in the gaseous 
molecule A1C1 3 . Many experiments have been 
conducted to detymine the mol. w.of Al chloride; 
Nilson a. Pettersson have finally shown P. C. 
4, 20H) that the only molecules which exist 
throughout a considerable range of temperature 
t have tire composition A1C1.,. Odling (P. M. [4] 
29,316) stated the V.D.of Al methide to be 3fi - 2 
at temiwraturcs above 200' (and 72-4 at 130°); 
and lienee mol. w. Al(OIi :i ) s . It remained, how¬ 
ever, uncertain whether the gas was homogeneous 
or not (r. Wanklvn, P. M. [41 29. 313; William- 
son, ibid. 395; I,e iloux a. Louise, C. It. 100, 
73). (Juincke [%. P. C. 3, 104) has shown 
that the molecular formula of Al methide is 
Al(CH a ) r 


is decomposed by Al at 100° with evolution of 
H.—3. Con. or dilute nitric acid has no action 
on Al.—4. The metal is easily dissolved by 
hydrochloric acid.-b. Dilute sulphuric acid 
evolves II, forming Al r 3S(),; hot con. ILS0 4 
evolves S0 2 .—6. Most eftrbon acids, e.g. acetic, 
tartaric, have little or no action on Al; but in 
presence of NaClAq the action becomes marked, 
ALCl ti being^formed.—7. Sulphuretted hydrogen 
has no action oven at high temperatures.—8 
Aqueous potash or soda dissolves Al, evolving 
H, and forming an aluminato (v. Cavazzi, O. 
15, 202); molten KOI! or NaOH does not act 
on Al.—-9. Sulphates, carbonates, borates, and 
silicates, of the alkali metals arc decomposed by 
Al at h igfy temperatures.—10. Potassiifin nitrate 
oxidises Al when the two react at a white heat. 
11. Alkali sulphides are without action even 
at high temperatures; silver sulphide when 
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heated with Al is partly reduced with formation is dissolved in HClAq, the solution is nearly 
of a Ag-Al alloy.-—12. Many metallic oxides are neutralised by Na^COjAq and diluted so that 
deoxidised by Al at high temperatures, e.g. oxides 50 c.o. do not contain more than *1 gram Al*O t 
of Pb, Cu, Fe; oxides of Zn and Mn are not a slight excess of Na.,S./),Aq is added, and after 
acted on.—13. Alkaline , but not neutral or a little the liquid is boiled Iso long as S0 2 comes 
slightly acid, solutions of lead, silver , and tin , off, the pp. of AL0 b I1 h jinxed with S is filtered 
are reduced by Al with ppn. of the metaJs; hot, washed with hot water, and strongly 
Cu is ppd. from CuS0 4 Aq.—14. Most mctmlic heated until all 8 is burnt off ; 
chlorides in solution are reduced by Al (KClAq, (ALCl 8 Aq + 3Na 1 ,S i .0 a Aq + 3ri. i! 0 = 

NaClAq are exceptions; Cossa, Z. [2] 0,380, ALO (j Jl 0 + 5^0^ + 38 + 380,; 

443). Fused zinc chloride, but not MgCl 3 , is Fe 2 Cl,,Aq + 2Na.,.S. J 6 3 Aq - 
reduced by Al (Flavitsky, B. G, 195). Fe 3 Cl 4 Aq+ 2NaClAq + Na 2 S 4 0,,Aq) (v. Chancel, 

Combinations.— 1. With oxygen to form C. B. 46,987).—3. Al is also sometimes estimated 
A1^0 3 ; only at high temperatures, and then as a basic acetate ( v . Atkinson, Fr. 3, 329 ; also 
superficially.—2. With sulphur to form an Schulze, J. pr. 47, 313); or as basic formate 
unstable compound ( v . Aluminium, Sulphide of) (Schulze, C. C. 1861.3). For methods of sepa- 
only at very high temperatures.—3. Wohler rating Al from alkaline earths v. Deville, A. Ch. 
(P. 11, 1G0) states that Al combines with j [3] 38, 5; from Co, Ni, and Zn v. Haidlen a. 
phosphorus , selcnion , tellurium, and arsenic, 1 Presenilis, A. 43, 129; from iron v. Macivor, 
when heated in the vapours of these elements; j C.N. 29, 199; from iron and phosphoric acid 
but little is known of the compounds.—4. With | v. Flight, C.J. [2] 13, 592; also Esiiman, C. N. 
boron Al forms at least two compounds (t». i 28, 208; from chromium v. Dexter, P. 89,142. 
Aluminium, borides of).—5. With chlorine, bro- \ Aluminium, Alloys of, v. Aluminium; Cow* 
mine, and iodine, Al combines to form binations, No. G. 

AUCl ti , ALBr (i , and ALI h ( 7 . v.).- G. Al formal Aluminium, Arsenide of. According to Wohler 
alloys with most of the metals; these alloys are ' (P. 11, 1G0) Al combines with As when the 
usually formed by heating the metals together; 1 elements are heated together; the product is a 
or sometimes by heating A1 2 0 3 and carbon with grey mctal-likc mass, decomposed by water with 
the other metal. The properties of many metals evolution of AsH t . No analyses are given, 
are considerably changed by alloying with small Aluminium, Borides of. Al seems to form 
quantities of Al. The alloys of Al with Cu, Ag, two delinitc compounds with boron, AlB a and 
and 811 arc much used because of their colour, A1B,„. They may be obtained by packing a 
hardness, and stability, and the ease with which I rod of Al in amorphous B in a carbon crucible, 
they are worked. The alloys of Al have been 1 placing this in a Hessian crucible with powdered 
chiefly' studied by Calvert a. Johnson ( J*. M. [4] 1 charcoal between the crucibles, covering, and 
10,240); Tissicr ( C. R. 43,885; 49, 54); Debray heating to redness for 1J or 2 hours; BA)., may 
(C. It. 44,925); Wohler (A. 106, 118; 113,248; be used in place of B (10 parts B.A ) 3 to 8 piyrts 
138, 253; P. 11, 161); Michel (A. 115, 102). Al). On cooling, the fused mass is treated with 
The alloys with copper containing from 0 to 10 HClAq, whereby Al dissolves and crystals of the 
per cent. Al are yellow, hard, unacted on by borides remain, which may be separated by hand 
moist air, water, or salt solutions,and are easily (llampe, A. 183, 75). Both borides were ob- 
worked. The alloys with silver are also very tained by Wohler and Deville and regarded by 
stable, have a fine colour and may be highly them as crystallised boron [A. 101, 113, and 347; 
polishod. When a little Al is alloyed with tin 141, 2G8); the compositions represented by the 
the products are very hard and elastic. (These , formula) AIB. and AlB„ are assigned by llampe 
alloys will be more fully described under CorPF.R, (/. c.). AlB/crystallises in thin, lustrous, pale 
Silver, and Tin.) Alloys of Alwitli the follow- : copper-coloured, six sided,plates; unchanged by 
ing metals have been prepared:—Bi (a very ' heating in air; slowly dissolved by hot con. HClAq 
little Bi makes Al extremely brittle); Ca (by and NaOHAq, easily soluble in warm HNO s Aq. 
heating Al, Na, and much CaCL, Wohler); Cu, This compound may be prepared by the action 
Cr (by heating Al with Cr a Cl u .KC], Wohler); Au, of BC1 S vapour on hot Al; or by heating 
Fe, Mg, Mn (by heating MnCL, KCl, NaCl, and | BF V KF with KC1, NaCl, and Al. A1B I2 forma 
Al); Hg (Cailletet, G. 11. 44, 1250); Mo, Ni, IH, ! black, monoclinic crystals, transparent in very 
Ag, Na (this alloy easily decomposes IDO); Sn, j thin plates; harder than corundum, softer than 
Ti, W (by healing W0 3 with Al, cryolite, and diamond S.G. = 2*5.’M. These crystals are un- 
KCl, and NaCl); and Z 11 . j acted on by con. HClAq or KOHAq, and very 

Detection. - Many Al compounds are soluble slowly by hot con. li .SO.Aq; they are soluble in 
in water; most arc dissotyed by HClAq. Strongly hot con. llN() s Aq. They are oxidised by molten 
heated Al,0 3 .is nearly insolublo in acids; it, and KOH and PbCrO,; also by molttn K11S0 4 ; but 
also the insolublo Al-containing minerals, may i are not acted on +>y molten KNO a . Heated 
be dissolved by fusion with KHS0 4# and treat- i with Pt an easily fusible alloy is formed, 
ment with water (H. Rose, P. 1, 275). I Aluminium, Borocarbide of. Al 3 G.B l8 . t Ori- 

Estimation. —1. Usually as A1..0,: a fairly ginally obtained by Wohler and Deville, and 
con. solution is ppd. by a small excess of supposed to bo crystallised boron; examined 
NH s Aq (if Mg salts are present a good deal of j more fully by llampe (A. 183, 90). Prepared by 
NH 4 ClAq is added), the free NH 3 is removed by j long-continued healing at a very high tempera- 
;warming, the pp. is washed, thoroughly dried, ' tore of B.O a and Al in a graphite crucible (for 
and strongly heated for some time.—2. ALO^H,, ! details, v. Hampe, l.c.). The compound crystal- 
may also be ppd. by Na^SAXjAq. Thi# method j lisos in yellowish, sparkling, crystals #f the 
is specially applicable in presence of Fo salts; ! dimetric system. 8 G. 2*615; hardness between 
the two metals are ppd. as hydrates, the pp. | that of diamond and corundum. The crystals 





•re slowly dissolved by hot con, HNO,Aq, but todiurn t prodactioaofAl,&nd KOJiq* NaGfc 
not by HClAq, H 3 S0 4 Aq, or KOHAq; they —8. Molten Al^Ol, is electrolysed to Al and Cl 
behave towards molten KOH, PbCr0 4 , and (Buff, A. 110, 257).—7. Sulphuric anhydride 
KHS0 4 similarly to A1B, 2 (g.v.). forms A1 3 .3S0 4 , SO„, and Cl.—8. Solution in 

'Aluminium, BromVie of. AlBr 3 or Al.,Br ri ; water is decomposed by heat into A1 2 0 3 and HCL 
not certain, fabt. 90^*( Weber, P. 10:3. 251). Combinations.— 1. Dissolves in water \ solu- 

(263°*3) at 747 mm. (Mallet, T. 1880. 1003). tioa when slowly evaporated gives deliquescent 
S.G. 2-54. V.D. 206-8 (Deville a. Troost, A. Ch. crystals of Al 3 Cl fl .12H 2 0 (Bonsdorff, P. 27, 279). 
[8] 68,257). H.F. [Aiy3r u ^= 239,440(774.3,210). —2. Absorbs dry ammonia to form yellow 
Formation. —By passing Br vapour over a Al,Cl (i .0NH ;1 ; when this is heated in a stream of 
heated mixture of alumina and charcoal. dry H, A1 2 C1„.2NH 3 is obtained (1’ersoz, A.Ch . 

Preparation. —By the action of Br on excess 44, 819).—3. Combines with phosplurrettcd Ivy * 
of powdered Al, and subsequent repeated distil- drogen to form a yellow powder 3ALCl fl .2PH 3 , 
lation from Al, and finally in atmosphere of N. decomposed by II 2 0 giving off PH 3 (Hose, P. 24. 
(Mallet, l.c.) 295).—4. Phosphoric chloride at 180° forma 

Properties. —White, lustrous, plates; fumes Al 3 Cl,,.2PCl a ; crystalline, easily fusible, easily 
in air ; melts to a mobile liquid; soluble in CS 2 , decomposed by H 2 0 (Weber, P. 107, 375).—6. 
alcohol, and water, in latter with production of Combines with some other non-mctallic chlo- 
much heat [Al*Br B , Aq] 170, 000 (Th. 3, 240). rules ; chief combinations are ALCl^POCl* 
Reactions and Combinations.— Aqueous so- (Cassclmann, A. 98, 220); Al 2 Cl,..2NaCl (Weber, 
lution on evaporation in vacuo yields crystals of P. 118, 471); A1 2 C1 H .SC1 4 , Al 2 Cl tj .SeCl 4 , and 
AljBrg, 12H 2 0; this solution is decomposed on A1.,Cl H .ToCl 4 (Weber, P. 104,421). Fovmsacom- 
heating into Al 3 O tt H 6 and HBr. Al 2 Br r> is deeom- pound with ILS which is decomposed by ILO 
posed into Al 2 O a and HBr when heated in air; (Wohler, P. 11, 100). — 6. Combines with 
it combines with the bromides of the alkali chlorides of alkali metals to form ALCJ„.2MC1 
metals to form double salts, e.g. 2KI3r.Al .Br l) (Degen, A. 18, 332; Deville, A. Ch. [3J 43, 30) \ 
(Weber, P. 103, 259); it absorbs NH.„ also ILS, the most important is ALCl c .2NaCl, white 
forming compounds which arc decomposed by crystals, melting at about 185°, volatile at a red 
heat (Weber, l.c.). heat without decomposition; deliquescent, but 

Aluminium, Chloride of. A1C1-,. Mol. w. much less so than Al 2 Cl b . This salt is prepared 
133‘13 (800°-1500°) (Nilsona. Peltersson, J’.C. on the large scale, as from it the metal Al id 

4, 200). V.D. 00*5 (N. a. P. l.c.). H.F. [Al.CPj obtained (v. Aluminium, Preparation of). — 

- 160, 980 (Th. 3, 210). 7. By evaporating solutions of the mixed chlo- 

Fonnation. —1. By heating powdered Al to rides the compounds Al 2 Cl e .2PdCl 2 .20H 2 O and 
redness in dry Cl.-2. By passing HC1 mixed ALCl a .2PtCl,,30H 2 O were obtained(Welkow,P.7, 
with CS 2 vapour over crude alumina or clay 304 and 802).—8. With stdphurous anhydride 
heated to redness; A1 2 S 3 is formed but is at forms A1 2 C1 6 .2B0 2 , a heavy liquid, solidifying at 
once decomposed by the HC1 (Curie, C. N. 28, - 10° (Andrianowsky, Bl. [2] 31, 495). 

307).—3. By heating Al with various metallic Aluminium, Fluoride of. AlPj, Mol. w. un¬ 
chlorides, e.g. ZnCl 2 (Flavitsky, B. 6,195).— 1. certain, as V.D. not determined. S.G. 31. 

By heating A1 2 0 3 with NIT 4 C1 (Bose, P. 74, 509), Occurrence. —In combination with NaF aa 
or with PCI.,, BCl a , or SiCl 4 (Troost a. Haute- cryolite Al^.GNaF ; also with silicates in 
feuille, C.R . 75,1710 and 1819). topaz, Ac. 

Preparation. —100 parts A1 2 0 3 are made into Formation. —1. By action of HF on AL0 3 . — 

a thick paste with 40 parts carbon by the help 2. By fusing cryolite with A1 2 .3S0 4 , and digest- 
of starch paste, or oil; the paste is kneaded to a ing in water whereby Na 2 S() 4 is dissolved and 
cylinder, which is dried, healed in a covered A1.F K remains (Deville, CM. 42,49). 
crucible, and removed while hot to a porcelain Preparation. —A mixture of fluorspar and 
tube connected with a Cl apparatus; as soon as alumina, in a boat of graphite, is heated to 
the apparatus is full of Cl, the cylinder is heated fusion in a tube of graphite, in dry IIC1; crystals 
to redness; Al 2 Cl B distils over into a receiver, of ALF ri sublimoand CaCl 2 remains (Deville, C.R. 
It is purified by sublimation from Al in a closed 43, 971). 

tube bent to an obtuse angle. Properties and Reactions. —White, and very 

Properties .—Transparent, deliquescent, liexa- obtuse rhomboLedra; unacted on by air, by 
gonal plates; colourless when pure, but usually acids, or by aqueous alkalis (Deville, C.R. 43, 
yellowish because of presence of chlorides of Fe, 970). Volatile at bright red heat. 

5, Ac. Fusible in large masses but volatilises Combinations. —1. With hydrofluoric acid and 

without fusion if heated in small quantities, icater : by dissolving Al^O., in ILSiF e Aq, digest* 
Soluble in water with production of much heat ing with Al,O s till »Si0 2 is ppd. and solution ii 
[Al'*’Ch,Aq] = 153,090 (Th. 3, 210); soluble in neutral, and evaporating, crystals of ALF^BLjG 
alcohol, and ether; insoluble in benzene; unacted arc obtained; if digestion with Al 2 0 3 is stopped 

« on by«HC!Aq. while liquid is distinctly acid but Si0 2 is ppd., 

Reactions. —1. Fumes in moist air absorbing and alcohol is added, 3ALF ti .4HF. 10ILO is 
H 2 0 aj?d giving off IIC1.— 2. Easily decomposed j formed; if, instead of adding alcohol, the acid 
(to Al 2 0 3 and HClj by steam (Kulmheim, J. 1801. j liquid is evaporated Al 3 F tl .HF.6H 2 0 is produced 
149).—3. Partly decomposed by oxygen at a red ■ (Deville, A. Ch. [3] 01, 327).—2. With alkali 
heat with evolution of Cl (Berlhelot, C. R. 80, \ fluorides compounds of the form Al 2 F rt .6MF are 
787).—4. Heated to redness with lime, corundum j formed, the most important of ihese are* 

i Al 2 0 3 f is formed ; with magnesia , spinello j the K aiVd the Na compounds. A1 .]f 8 .6KF is 
Al 2 0 4 Mg) is produced (Daubrcc, O. R. 39,135).— j obtained as a gelatinous pp. by adding a solution 
•• Decomposed below red heat by potassium or | of Al a O, in HFAq to an excess of KFAqiAyP* 


I 



i~i' . ~i....t * 1 ■ | ..'^ -■' ’ 


® b prolcead by adding KFAq to exoeu of 
AljF, in HFAq; u tho pp. is boiled In the 
liquid A1»F,.6KF is formed. Both pps. form white 
■ powders when dry, and are decomposed with loss 
of all their F by hoating with con. H,SO,Aq. 
Al 2 F,.6NaF occurs native as cryolite on the west 
Coast of Greenland. S.G. = 2'96. It may be^jbre- 
pared by the action of HFAq on A1,0, and 
Na,CO„ mixed in ratio Al 2 O a :3Na 2 CO s , drying, 

. and heating to fusion. Forms colourless, trans¬ 
parent, dimetric crystals; softer than felspar; 
.melts below red hoat, forming a colourless glass 
on cooling. Decomposed to CaF 2 and a solution 
of AlgOg in NaOHAq, by boiling with milk of 
lime, or fusing with CaCO, and boiling in H 2 p. 
Heated with H..SO t Aq loses HF, and produces 
Alj.SSO, and Na)SO,. 

Aluminium, Hydrated Oxide of, v. AnuMimoa, 
Hytboxideb or. 

Aluminium, Hydroxides of. Three com¬ 
pounds of Al, H, and 0 are known; they re- 
aot rather as hydrated oxides, ALOj.eTLO where 
* = 1,2, and 3, than as hydroxides. A1,0, which 
has not been strongly heated takes up H 2 0; but 
the definite compounds are obtained by indirect 
methods; A1 2 0 2 which has been strongly heated 
has no action on FLO. Tho hydrates of A1 2 0, 
lose their water at a red heat. When freshly 
ppd. they dissolve easily in acids, forming the 
same salts Ai.X,, whero X = acifi radiclo (v. 
AiiUMInicm, Salts or). Thomsen gives the 
following thermal values [A1 2 ,0 5 ,3IF0] = 388,920; 

[Al, O’, H’] = 207,000; H'-SO>AqJ = 

= 18,610 [Th. 3, 


20,990; 2HClAqJ = 


240). The hydrates also dissolve in KOHAq and 
NaOHAq with formation of easily decomposed 
aluminates (q. «.). The hydrates, especially 
Al 2 0 a .3H 2 0, form a class of bodies called lakes 
by their action on vegetable colouring matters; 
they pp. those colouring matters from solutions, 
hence these hydrates are used as mordants. 

I. Monohvdhate. ALO,.H.,0 ( = A1 2 0,H 2 ). Oc¬ 
curs native as diaspora, in transparent, trimetrio 
crystals, S.G. 3'43, which crumble to powder 
when heated but lose all H 2 0 only at about 360°; 
insoluble in water and in boiling HClAq. By 
heating amorphous A1 2 Oj in a closed tube with 
H,0 to 240°-250° Mitscherlich obtained hydrated 
AljO, nearly agreeing in composition with 
formula A1 2 0,.H,0 (J. pr. 83, 468). According 
to Bocquerel (J. 1868. 87; J. 1874.132) crystalline 
AIjOj.HjO is produced when a tube containing 
Or 2 Cl„Aq and covered with parchment paper is 
suspended in a solution of AL,O s in KOHAq. 

II. Dihydrate. /fl 2 0 s .2H 2 0 (=AL0 5 H 4 ). 
Occurs natiyo as amorphous bauxite (Bnrthier, 
S. 85, 164). Prepared by the action of NH 4 ClAq 
on Al 2 0 a in KOHAq, washing, and drying at 100° 
•Hjtfwe, Z. 3, 247); also by ppg. hot solutions of 
Al salts by NH s Aq, digesting the pp. in tho 
warm liquid, washing, and drying at 100° (St. 
Gilles, A. Ch. [3] 40, 58). A dihydrate is also 
obtained by the slow decomposition of basic 

jjgftlurojnium acetate, and subsequent evaporation 
to dryness «t 100° (u.i.). . Tho dihydrate is said 
to be nearly insoluble in acids and aqueous 
alkalis. Two varieties of A1 2 0 S .2H 3 0 in aqueous 
iolution* were obtained by Crum (C. J. 6, 225),. 
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and (Jrahata (F, 1861.183), respectively, 
prepared baato Al acetate 

(2Al 2 (0 2 H a 0 2 ),.Al a 0 < H fl .3H 2 0), 
dissolved this by heating with much water, 
heated this solution to in a closed tube for 
ten days, whereby the Salt was decomposed into 
acetio acid and Al 2 0 3 .®n 2 0, then diluted, and 
boiled in an open vessel until all acctio acid was 
removed. The soia'iouiof A^Oa.&HjO thus 
obtained was colourless, tastoless, and neutral to 
litmus; it was easily coagulated by small 
quantities of sulphuric, citric, tartaric, and many 
other acids, and by various salts, not by acetic, 
formic, boric, and one or two other acids. This 
solution does not act as a mordant; evaporated 
at 100° A1.G S .2H.G insoluble in acids is oobtined; 
the coagulated hydrate dissolves in con. acids. 
Graham dissolved Al i! 0 3 .a,*H.G in ALCl (i Aq or in 
Al acetate solution, and dialysed; tho aqueous 
solution of Al 2 0 3 .:rH 2 0 thus obtained was very 
easily coagulated by acids, alkalis, and salts; it 
acted as a mordant; the coagulated hydrate 
dissolved easily in dilute acids. 

III. Thiiiydkatf.. A1./).,.3H 2 0 («= Al 2 0 6 H ti ). 
Occurs native, in hexagonal, fibrous, crystals, 
as gibbsite, and hydrargyllite. Prepared by 
ppg. cold solution of Al salts by NH :i Aq, or 
(NilJ.^COjAq, washing, dissolving in HClAq, 
reppg., washing, and drying at 100°, A soft, 
friable, white powder; easily soluble In acids 
and fixed aqueous alkalis; insoluble in water. 
When freshly ppd. it forms a gelatinous mass, 
soluble to some extent in NII s Aq, but reppd. 
on standing in air. Heated to redness it loses 
all its ILG, and contracts considerably. A 
crystalline trihydratc is formed by tho action 
of air on a saturated solution of Al 2 O s in 
KOHAq (Bonsdorff, P . 27, 275); it is insoluble 
in cold acids, slowly dissolved by boiling HClAq, 
more rapidly by II 2 SO,Aq. Al.G 3 . 3 JhO is also 
said to bo formed by the action of HG on A) 
amalgam (Cossa, Z. 13, 443). 

Aluminium, Iodide of. All, or A1J„; not 
certain, [abt. 185 J (abt. 3f>0°) (Weber, I*. 101, 
41)5; 103, 259). S.G. 2 03. V.D. 387*4 (Dev il* 
a. Troost, A. Ch. [3j 58, 257). H.F. [A1*',I-J«140, 
780 (Th. 3, 240). 

Preparation.— Al in small pieces is placed in 
a retort, about £ to 1 p.o. of the calculated 
quantity of I is added, C0 2 is led in, and the. 
retort is heated until combination occurs; rather 
loss than the quantity of I needed to convert 
all the Al into A1 2 I B is then added, and heating, 
in a steam of CO.„ is continued until Al 2 I a sub-, 
limes (Gustavson, A. 172,173). 

Properties , do. —White, deliquescent, plates i 
soluble in alcohol, and CS 2 ; soluble in water 
with production of much heat [Al|J a ,Aq] = 178,000. 
(Th. 3, 240). Solution in H 2 0 on standing ovei 
II 2 S0 4 gives A1 2 I 6 .12H 2 0. Decomposed by heat* 
ing in O (Schulze, ./. pr. [2J 21, 40). Forms 
double salts with alkali iodides; absorbS*NH 3 j 
apparently does not combine with H„S (Weber. 
P. 101, 465 ; 103, 259). ' • 

Aluminium, Nitride of. Al heated in N 
increases in weight, and heated with molten 
NaOH evolves NH 3 (Brieglob a. Geuther, A. 123, 
238). The compound AI.N 2 was obtained by 
Mallet (C.J. [2] 15, 349) by heating Al with 
NaXOj to tho highest temporature of a wind 
furnace for some hours in a graphite crucible, 



ua 


m 3 treating the residual mass with HClAq. 
The oompound is pale-yellow when’ amorphous, 
bright honey-yellow and very lustrous when 
crystallised ; brittle, not hard enough to scratch 
glass ; in moist air it dmwly crumbles down to 
AljO, with evolution of JnH 3 ; it is dissolved by 
aqueous alkalis with evolution of NH 3 and solu¬ 
tion of Al; fused with KOH or NaOH, an 
aluminate is formed an I Nil, is given off; heated 
in air, NH S is evolved and Al.,O a remains. 

Aluminium, Oxide of. [There are some in¬ 
dications of the existence of an oxide contain¬ 
ing more 0 than Alps (v. Gibson a. Morrison 
P.R.S.E. 119, 146, 152).] A1 2 0 3 (Alumina) 

Mol. w. unknown. S.G. (amorphous) 3-725 to 
4-152 (Rose, P. 74, 429); (crystalline) 3-928. 
S.H. (corundum, 9°-98°) -10702; (sapphire, 
8°-97°) -21733 (Regnault, A. Ch. [3] 1,129). 

Occurrence. —Native, nearly pure as corun¬ 
dum , sapphire , topaz , amethyst, etc.; also in 
opaque variety as emery. 

Formation. — I. Amorphous. — 1. By 
burning powdered Al in oxygen.—2. By ppg. boil¬ 
ing solution of potash-alum by (NH 4 ) 2 CO.,Aq, 
washing, and strongly heating.—3. By strongly 
heating ammonia-alum.—4. By digesting clays, 
felspathic rocks, Ac., with con. KOHAq under 
pressure, and ppg. by C0 2 .—5. By heating a 
mixture of cryolite and lime in steam, lixiviating, 
and ppg. by C0 2 .— II. Crystalline.—1. By 
fusing the amorphous A1 2 0 3 in the oxyhydrogen 
flame (Gaudin, C. R. 49,1342).—2. By heating 
equal parts of potash alum and K 2 S0 4 with 
charcoal (Gaudin, A. 103, 92).—3. By fusing 
together Al phosphate with threo or four parts of 
K 2 S0 4 or Na 2 S0 4 (Debray, C. R. 52, 895).—4. 
Along with Ab.O 3 .H 2 O, by heating a solution of 
A1,0 3 in HClAq to 350° in a closed tube 
(S 6 narmont, C. R. 32, 702).—5. By heating to 
bright redness equal parts of amorphous Al 2 O s 
and PbO (Deville a. Caron, A. Ch. [4] 5, 101). 

Preparation. —The amorphous variety may 
be prepared by heating dry potash-alum for two 
or three hours to redness, finely powdering the 
residue, washing with water, mixing with 
NaOHAq containing ^ as much NaOH as the 
potash-alum used, drying, strongly heating, and 
washing with water (Wohler, A. 53, 422; Brun- 
;ner, P. 98,488). Crystalline A1 2 0 3 may bo pre¬ 
pared by heating to whiteness a mixture of one 
part amorphous A1 2 0 3 with four parts fused 
bora^v (Ebclmen, A. Ch. [3] 33, 31). Largo 
crystal^ 1 cm. long were obtained by Deville a. 
Caron (A:.Ch. [4] 5,104) by the action of ALF„ 
on boric aoid at a high temperature. The ALF i; 
was placed ih a graphite crucible, the boric acid 
being contained in a small Pt basin fixed above 
the A1.jF 6 ; tlt^ whole was placed in a Hessian 
crucible and heated in a wind furnace for some 
time; BF S was ] volatilised and crystals of A1 2 0, 
remained. \ 

Properties. —f£nown in two forms, amorphous 
and crystalline. »The amorphous variety is a 
whit?, soft, powdery, cakes together when strongly 
heated, and bccomies nearly as hard as corun¬ 
dum ; infusible except in oxyhydrogen blowpipe; 
insoluble in water; Soluble in acids and aqueous 
alkalis, but after strlongly heating becomes in¬ 
soluble in acids exci-pt cow. H 2 S0 4 Aq and con. 
HClAq. The crystallww variety forms colourless 
rhoiubolicdra; insoluble in all acids; nearly as 


Hard as diamond. Both forms are undecomposed 
by heat, and are unacted on by Cl. 

Reactions. — 1. With acids amorphous AljO, 
reacts to form Al salts— e.g. Al 2 .3SO r — 2. Fused 
with potash or NaOH, or KHS0 4 , both amor¬ 
phous and crystalline A1 2 0 3 form aluminates (q. 0 .) 
which are soluble in water.—3. Amorphous A1 2 0, 
heated to whiteness with potassium iB partly de¬ 
oxidised with formation of an alloy of K and Al. 
4. Heated with sal ammoniac , ALCl a is formed; 
the same compound is produced by the action of 
hot BC1 3 , or SiCl 4 .—5. ALS, is said to be formed 
by the action of carbon disulphide vapour on 

hot A1 2 0 3 ..6. Water is taken up by slightly 

heated amorphous A1 2 0 3) but no definite hydrates 
have been thus obtained (v. Aluminium, Hydrox¬ 
ides of). 

Aluminium, Oxychlorides of. A series of 
these compounds seems to exist; they may be 
obtained by the action of a mixture of Al 2 CJl a 
vapour and O on Al; the higher the tem¬ 
perature the more O is there in the product; 
they are soluble in dilute acids and alkalis, and 
are decomposed by water (Hautefeuillo a. Perrey, 
C. R. 100, 1219). Toramasi (Bl. [2] 37, 443), 
describes threo compounds of AI 2 O u H ri with 
ALCJ„ obtained by the action of Al on CuCl 2 Aq 
under different conditions. 

Aluminium, Phosphide of. Described by 
Wohler (P. 11,160) as a dark groy mass, which 
decomposes H,,0 evolving PJI 3 ; produced by 
heating powdered Al to redness in vapour of P. 

Aluminium, Salts of. Salts obtained by 
replacing H of acids by Al. These salts 
belong to the form A1 2 X 6 , or A1X S , where X = 

NO a , Ac.; besides these, many 

basic salts (compounds of normal salts with 
Al 2 0.,.aTI 2 0) are known. Very many Al salts 
also form double salts; the most characteristic 
of which are the alums AL»3S0 4 .M 2 SO,.24II 2 O, 
where M= an alkali metal, Ag, or T1 (u. Alums). 
The haloid salts, the normal nitrate, sulphate, 
and acetate, are soluble in water; most of the 
other normal salts, and almost all the basic 
salts, are insoluble in water. The soluble salts 
possess a sweetish, astringent taste. Aqueous 
solutions of Al salts generally contain more 01 
less free acid, which is not, however, to be 
detected by the ordinary tests; Erlenmeyer & 
Lowinstein (Z. 3, 572) add freshly ppd 

Mg.NH.,.P0 4 , which pps. A1 2 (P0 4 ) 2 , and forms 
MgS0 4 and (NH 4 ) 2 S0 4 , the acid can then b< 
detected by litmus Ac. The number of Al salts ii 
not very large; with some acids, c.g. sulphurous 
carbonic, Ac., it forms no salts or very unstabli 
ones which can hardly be obtained pure. Thi 
chief salts—described under Borates, Phos 
riLVTKS, Ac.—are the borates , nitrates , phos 
phates , silicates , and sulphates : v. also Carbo 
NATES, SULI'HITES, SeLENATES, Ac. 

Aluminium, Selenide of. According t 
Wohler, Al when heated in Se vapour com 
bines with the latter to form a black powde 
which is decomposed by H 2 0 into AL^Oj-isIL,! 
;md H 2 Sq (P. 11,160). 

Aluminium, Silicides of. Al and Si reaf 
in almost all proportions; the products seei 
to be of the nature of alloys. When Al i 
heated with silicates in presence of a flux, 
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portion of the silica ii reduced and combines 
with part of the Al. An alloy containing 10-8 p.c. 
Si, called cast aluminium , is grey and very 
brittle; an alloy with 70 p.c. Si still exhibits 
metallio properties. The alloys of Si and Al are 
much more easily acted on by reagents than 
either of the elements which form them. 

Aluminium, Sulphide of. AL.S 3 . 

If Al is heated to glowing and S is then 
thrown on to it, a black mass is produced which 
is decomposed by ILO with evolution of ILS. A 
mixture of ALS* and Al 2 0 3 is obtained by passing 
OS* vapour over rod-hot A1*0*. When A1 8 .3S0 4 
is heated in H, Al 2 O s remains and HoSO, is 
volatilised (Wohler, P. 11, 1G0). The best 
method of preparing A1 2 S 3 seems to be to pass 
S vapour over hot Al in a carbon boat placed in 
a porcelain tube kept full of H. It is described 
as yellow crystals, with a bitter taste, which melt 
with difficulty, and are rapidly acted on by water 
with formation of II,S and A1„0 3 .tII 2 0 (Fremy, 
A. Ch. [3] 38,322; Sabatier, A.Ch. [5] 22,88; 
Reichel, J. pr. [2] 12, 55). Spring (Bl. [2] 
89, 64) obtained a sulphide of Al by very strongly 
compressing an intimate mixture of Al and S. 

Aluminium, Telluride of. Described by 
Wohler as a black powder produced by heating 
together Al and To (P. 11,160). 

M. M. P. M. 

ALUMINIUM AMYLATE v. Amyl ALConoL. 

ALUMINIUM BROMIDE, Action of, on Or¬ 
ganic Bodies—Aluminium bromide assists the 
bromination of aromatic hydrocarbons. The 
action appears to be preceded by the formation 
of a compound AlBr a 6G„H.. n _„ (Gustavson, J. 
1877, 400; 1878, 380 ; B. 18, Ref. 208). AlBr 9 
also combines with butylene; thus, when HBr 
hiixcd with G*H 4 is passed into AlBr, at 60°, the 
compound AlBr s C 4 H 8 is formed; the same com¬ 
pound is formed from AlBr s and C.II a Br, and by 
passing HBr into American or Caucasian petro¬ 
leum containing AlBr 3 at 70° (Gustavson, J. R. 
16, 95 ; P. 17, Ref. 163). 

The compound AlBr 3 C 4 H 3 is an oil, insol. in 
light petroleum or CS 2 ; it is decomposed by 
water with formation of unsaturated hydro¬ 
carbons and by alkyl bromides at 70 ;> with 
formation of paraffins (Gustavson, J. pr. [2] 
34,161). 

Aluminium bromide converts alkyl chlorides 
into bromides. 

ALUMINIUM ISO-BUTYL C,*H*,A1 i.e. 
A1(C 4 H„),. From Al and Hg(C 4 H 8 ) 2 . Fuming 
liquid (Cahours, 1873, 522). 

ALUMINIUM ISO-BUTYLATE v. iso- Butyl 

ALCOHOL. 

ALUMINIUM CHL'ORIDE, Action on Organic 
Bodies.—Aluminium chloride is converted by 
CjH, and HC1 at 100° into the compound 
A1C1 8 0 4 H 8 (G.). 

Aluminium chloride added to a mixture of 
an aromatic hydrocarbon and an alkyl or alkoyl 
Chloride, bromide or iodide, promotes the evolu¬ 
tion of HC1, HBr, or HI and is therefore a most 
powerful agent in organio synthesis as a means 
of introducing alkyl or alkoyl groups into an 
aromatic nucleus (Friodcl a. Crafts,• C. R. 81, 
1392, 1450; 85, 74, 672; 86, 1368). Thus 
methyl-benzenes may be formed by this means 
from benzene and methyl ohloride; acetophenone 


from benzene and acetyl chloride. The opera¬ 
tion is performed by dissolving the aromatic 
hydrocarbon and the haloid derivative in CS 2 or 
light petroleum, and adding A1C1, in successive 
small portions. The r 'action is completed by 
heating on a water-ba Ji. Condensation is also 
brought about by A1C1, by the removal of water; 
thus benzene and Ac 2 0 form acetophenone; 
while benzene and phi’.alio anhydride form 
benzoyl-benzoic acid. Under the influence of 
A1C1 3 other reactions also occur; thus benzene 
is converted by oxygen, sulphur, sulphurous acid, 
and carbonic acid into phenol, phenyl-mercaptan, 
benzene sulphinic acid, and benzoic acid, respec¬ 
tively. 

These reactions are perhaps due to the 
formation of such compounds as A1C1 S 3C 8 H B in 
which the benzene may be supposed to be more 
unstable than when in the free state; thus, we 
might imagine the compound to be AlH 3 Cl*Ph r 
Molecular changes may, liowover, take place in 
the alkyls; thus both n- and iso-propyl bro¬ 
mides are converted by AlBr ; , into the same iso¬ 
propyl-benzene ; this is because n - propyl bro¬ 
mide is changed by AlBr 3 , into its isomeride 
(Gustavson, /. 1878, 380; P. 16,958). 

In the above cases A1C1 3 induces the building 
up of more complicated compounds, but this 
reaction may be reversed and alkyl groups 
removed instead of introduced. Thus ethyl- 
benzene, heated with A1C1 3 in a stream of IIC1, 
evolves ethyl chloride and is reduced to benzene 
(Jacobsen, B. 18,338). Whon the alkyl chloride 
is not carried off by a stream of IIC1 it may act 
by substitution upon another portion of the 
hydrocarbon. Thus toluene is converted by 
boiling with A1C1 S into benzeno and xylene 
(Anschutz a. Immendorff, B. 17, 2816). Some¬ 
what Bimilar reductions occur in other cases, 
the hydrogen being derived from another portion 
of the hydrocarbon. Thus naphthalene gives 
naphthalene dihydride, by reduction, and iso-di¬ 
naphthyl, by abstraction of hydrogen ; benzene 
gives toluene and ethyl-benzene together with 
di-tolyl; di-phe.nyl-methane is reduced to ben¬ 
zeno and toluene (Friedel a. Crafts, B. A. 1884, 
468; C. R. 100, 692). 

A1C1 3 acting upon n-propyl iodide gives pro¬ 
pylene and HI, which then react, producing 
propane (Kohnlein, B. 16, 560). Aluminium 
bromide or iodide acting on propyl chloride or 
iodide at 130° form propylene but no propane 
(Kerez, A. 231,286). A1C1 3 acting upon alcohols 
and phenols eliminates IiCl; thus phenol gives 
(PhO) 3 Al 2 Cl 3 ; resorcin gives (C 6 H 4 0 2 )ALC1 4 ; and 
di-chlorliydrin gives C s H 5 CJ a O.AlCl 2 , which 
crystallises from CS 3 . Theso compounds are at 
once decomposed by water into the alcohol, 
Al(OH) 3 , and HC1 (Claus a.Mercklin, B. 18,2932). 
Acetyl chlorido in CS 2 is converted by A1C1, 
into a white solid, C 12 H 14 0 6 Al 2 Cl g , whence water 
produces a liquid C 4 H„0, (137°) which *knay be* 
acetyl-acetone (Combes, G. R. 103, 814). 

ALUMINIUM ETHIDE A1C B H 15 i.%. AlEt, 
(194°). V.D. 4-6 (for 3-9) at 234°. From mer¬ 
curic ethide and aluminium heated at 100° for 
some hours (Buckton a. Odling, Pr. 14, 20). 
Liquid; fumes violently in air, soon taking fire. 
Decomposed by water. Iodine forms Etl. 

Aluminium iodo-ethide A1 2 C 9 H,J, {.«. 

Al 2 Et s I 3 , (340°-350°), is a fuming liquid formed 
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ALCJUNiOM ETHYLATE, 


by mKob of Ell on AlAat 130° (Cahours, A. Ok 
W 58, 8; A. 114,942). 

aluminium ethylate v . Alcohol. 

ALUMINIUM IODIDE, Aotion on Organio 
Bodies. All, tarns out W.displacing it by I, c.g. 
8C01, + 4A1I, = 3CI, + 4Attl,, (Gustavson, A. 
173, 173). Aluminium iodide and aluminium 
aro singly without action on alcohol, but to¬ 
gether they react, fa-miug Al J,(OEt), and 
Al,(OEt) r One molecule of aluminium iodide 
may convert very many molecules of aluminium 
into aluminium ethylate (v. Alcoiwl). Other 
alcohols act similarly (v. Puopyl, Butyl, and 
Amyl, alcohols, Ckicsol, 1’henol, Napiitiiol 
Thymol), but methyl and iso-propyl alco¬ 
hols, glycol, and glycerin do not; the latter 
forms allyl alcohol (Gladstone a. Tribe, Pr. 
80, 646, C. J. 30, 2; 41, 5; 49, 25 ; Hodgkinson, 
C. N. 1877, 237). Aluminium behaves in a 
similar way towards water and ether; it does 
not attack these bodies until after iodine has 
been added, when it reacts with water thus: 
3H,0 + A1 = A1(0II), + H 3 , with which may be 
compared its action on alcohol; 31IOEt + Al = 
Al(OEt) s + n,, while witli ether it forms alu¬ 
minium iodo-ethvlato and EtI. 

ALUMINIUM METHIDE AlCJf, i.e. AlMe, 
fo. 0°]. (130°). V.D. 2-8 (for 2'5) at 220° ; 4 at 
160°. From HgMc, and AI at 100° (Buckton 
a. (Idling, Pr. 14, 19). Takes tire in air. Ile- 
sembles AlEt,. Just above its boiling-point the 
compound Becms to be Al.Me,. 

ALUMINIUM PROPYL 
A10.H., i.e. A1(0,H.),. (210°-245°). 

From IIgPr 2 and AI (Cahours, J. 1873, 518). 

ALUMS.— Double sulphates or scleuatcs 
having the composition expressed by the gene¬ 
ral formula M.:AS(orSc)O v N..S(orS'e)0,.2UI.O, 
to here M=Al, Cr. Mn. Fe. In, or (Pa; andN Na, 
K,Rb, Cs, NH„ Aij, or 'VI. These salts crystallise 
in forms belonging to the regular system, usually 
in octahedra or cubes. The following aro the 
best-known alums;—I. Sulphates: (1) M = A1, 
and N = Na, K, lib, Cs, Nil,, NH 3 (C.,H S ), Ag, or 
T1; (2) M = Cr, and N = Na, K, or Nil,; (3) M = 
Mn, and N = K, or Nil,; (4) M = Fe, and N - K, 
or {1H, 1 (6) M = Ga or In, and N = N1I,; (6) 
S&fjGrAl, and N = K, or NH,. II. Selenatks : 

(1) M*rAl, and N = Na, K, or NH,; (2) M - Cr, 
and N-K, orNn,. III. Mixed Selexates and 
Sulphates, M. 2 3Sc 0,.N 2 S0,.24H 2 0 : (1) M=A1, 
and N = K; (2)M = Cr, and N = K; (3) M=Fe, 
and N = K. IV. Mixed Sulphates and Selenates, 
Mj8S0,.N 2 Se0,.24H 2 0: (1) M-Al, and N = K; 

(2) M = Cr, and N»K; (3) M=Mn, and 
N=»K; (4) M=Fe, and N = K. Besides these, 
there are certain double salts which rosemble, 
but are not isomorphous with, the alums; of 
these pseudo-alums the most important are 
the followingI. Compounds of AI.,380, with 
(1) MnSO„ (2) FeSO„ (3) MgSO,; each with 
adH^O. H. Compounds of Fe 2 .3SO, with (1) 
MgSO,, (2) CuSO„ (3) ZnSO,; eaoh with 2411,0. 
HI. Mn 1 3SO,.MgSO,.21H.O. 

In naming the alums, if no prefix is used, a 
double sulphate of aluminium and ono of the 
metals represented by N in the formula is under¬ 
stood ; jhus potassium alum ia 

A1 2 3S0,.K 2 S0,.24H. 2 0. 

The sulphates containing no aluminium are 
spoken of as chromium-sodium alum, iron-am¬ 


monium ahun, *«. Similarly, the name* 
ammonium selenio-alum, and obromium-potas- 
sium selenio-alum are used for the members of 
Group II. The salts belonging to Groups HI, 
and IV. may be called selenio-sulphurio alums J 
tho individual bodies are best distinguished by 
theiWormuIa). 

The alums aro all solublo in water, their 
solubility in hot, being considerably greater than 
in cold, water; (potash alum, 8. 3-29 at 0°{ 
S. 22 at 30°; S. 31 at 60°; S. 357 at 100°). The 
solutions have a styptic taste and an acid re¬ 
action. Somo of the alums aro separated by 
water into their constituent salts, e.g. silver 
alum, and manganese-ammonium and potassium 
alums. Others aro partially separated; indeed 
it appears very probable that every alum is to 
some extont separated into its constituents when 
dissolved in a considerable quantity of water. 
Thus, Favre and Valson (0. 11. 74, 1165) find 
the heats of solution of one equivalent of alumi¬ 
nium sulphate (1) in water, (2) in a solution of 
K,SO„ and (3) in a solution of (NII,) 2 SO„ to be 
the same (about — 8,000); hence no combination 
occurs between the two sulphates in the presence 
of water. Further the heats of solution in 
water of the alums havo largo negative values, 
and in some cases— c.g. iron-ammonium alum— 
this value increases considerably as temperature 
rises (Favre and Valson, C. It. 74, 1016). 
G. Wiedemann ( P. 126,1; 135,177), by deter¬ 
mining tho specific magnetism (that is, magnetio 
moment developed by unit magnetising force + 
mass of salt in unit volume) of various salts in 
solution, has shown that an aqueous solution of 
ferric sulphate is partly separated into sulphuric 
acid and colloidal ferric oxide, and that the 
amount of this separation increases tho larger 
the quantity of water added; he has also shown 
that an aqueous solution of iron-ammonium 
alum behaves almost exactly in tho same way as 
ferric sulphate; hence the separation of the ferria 
snlphato by tho water is independent of tho 
alkaline sulphate; and hence a diluto aqueous 
solution of this alum is to a large extent sepa¬ 
rated into its constituent salts. When an 
[ aqueous solution of potassium alum saturated at 
12°is healed to 100° a precipitate is slowlyformcd 
containing varying quantities of A1.0„ K 2 0, S0 3 , 
and II 2 0; even after 30 days the precipitate con¬ 
tinues to ho produced. The decomposition of 
the alum is hastonod by adding K»SO, to the 
solution (A. Nauriann, B. 8, 1630). Chromium- 
potassium alum exists in two forms; as violet 
crystals, and as a green non-crystallisable salt. 
When a solution of the former salt in water is 
heated to 70°-80° the colour changes to green, 
and this change is attended with a gradual in¬ 
crease of the volume of the solution; as the 
green solution cools the colour slowly changes to 
violet-blue, alid the volume of the liquid slowly 
decreases (Boisbaudran, O. B. 79,1491). The 
violet crystals change at 300 o -350 o to the green 
salt with loss of all their water of crystallisa¬ 
tion; this green dehydrated alum is wholly 
soluble in hot water, but when heated somewhat 
above 350° it suddenly changes to greenish- 
yellow and becomes quite insoluble in water 
(Lowel, A. Ch. [8] 44,318; Siewert, A. 126, 
86). When a quantity of barium chloride 
sufficient to precipitate all the add in a givda 



I of ehromfam-potuatam darn fa added in 
rcmr equalportions to an aqueous solution of the 
gwen form of this alum, the first and seoond 
fourths of the barium are at once precipitated, 
but the rest only very slowly; moreover, the 
quantity of heat produced during the precipitation 
of the first and second fourths is much greater 
than that produced during the subsequent pre¬ 
cipitations (Favre and Valson, C. R. 74, 1105). 

Gram-units of heat produced. 
ExoeiaofBaCl,. 1st fourth. 2nd fourth. 3rd <fc 4th fourths. 

8251 4104 4102 146 

These results taken together show that solution 
in water of the commoner (probably of all) alums 
is accompanied by partial separation of these 
compounds into their constituent salts, and also 
by partial decomposition of these constituents, 
certainly at least of the sulphate of the heavy 
metal; and that the amount of this separation 
and decomposition is increased by increasing the 
quantity of water, or by raising tho temperature. 

The alums are dehydrated by the action of 
heat; at a higher temperature a portion of tho 
acid radicle is usually volatilised, and a double 
basio sulphate remains, such as native alum stone 
A43S0 4 .K,S0 4 .2Al 2 0 s .8H 2 0; at a still higher 
temperature more acid is removed and a mixture 
of alkaline sulphate aud oxide of Al, Cr, Mn, or 
Fe remains ; the ammonium alums leave a 
residue of oxide only. For descriptions of tho 
properties of the individual alums v. Sulphates. 

M. M. P. M. 

DI-ALURIC ACID v. Dialcric acid. 

AMALGAMS. Alloys of Mercury {v. Alloys). 
Amalgams are formed (1) by direct union of 
mercury with other metals; e.g. amalgams 
of alkali metals, of Zn, Pb, Sn, Au: (2) by 
precipitation of other metals from solutions of 
their salts on mercury; this is often done by 
plaoing sodium-amalgam in the solution of a 
metallio salt, sometimes by electrolysing a me¬ 
tallic solution in presence of mercury; e.g. amal¬ 
gams of Ag, Fe, Co, Ni, Mn, Ba: (3) by precipi¬ 
tation of mercury on another metal, sometimes 
it is necessary to electrolyse the mercurial solu¬ 
tion, making the other metal one of the elec¬ 
trodes ; e.g. amalgams of Cu, Ag, Au, Pt: (4) by 
placing the other metal in contact with mercury 
and a dilute acid ; e.g. Zn amalgam. The form¬ 
ation of amalgams is not usually attended with 
any marked thermal change, but in tho produc¬ 
tion of amalgams of the alkali metals much heat 
is produced. Thus, [Na, HgJ = 10,300; [Na, Hg 5 ] 

= 21,600; [K, Hg*] = 20,300; [K, Hg'-’j - 34,200 
(Berthelot, C. It. 88, lyo, 1335). In the forma¬ 
tion of amalgams of Sn, l*b, and Bi, heat is ab¬ 
sorbed. Little or no contraction of volume 
accompanies tho formation of amalgams, except 
in the cases of Cn, Ag, Sn, Pb, and a few other 
metals. The relative conductivity for heat of 
some solid amalgams is considerably greater than 
that of either of the metals composing them; 
e.g. amalgams of Sn, Zn, and Bi. Many solid 
amalgams seem to be chemiealcompounds in defi¬ 
nite proportions; thus when various amalgams 
Containing excess of mercury were subjected to a 
pressure of about 70 tons on the square inch 
mercury was removed, and definite bodies re- 
mained, containing mercury and metal approxi- 
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mately in the ratios expressed by the formula) 
OuHg, AgEg, FeHg, Z Df Hg, Pb*Hg, PtHg, 
(Joule, C. J. 16, 878). Again, when amal¬ 
gams of Au, Ag, Ou, Pb.K, and Na, were heated 
near to, to, or abdve/ae boiling-point of mer- 
cury (360 o h the following definite amalgams were 
obtained (fee Souza, B. 8,1616; 9, 1050) 

At 310° Au 8 Hg A^Hg Cu n Hg 
„ 360° Aiiyllg Ag n Hg Cu M ]Ig Pb 8 Hg 
,, 440° Au a Hg Ag, 3 Hg Cu la Hg KHg Na s Hg. 
Some of the liquid amalgams may be regarded 
as solutions of definite compounds in excess of 
mercury, e.g. liquid Na and K amalgams; others 
as solutions of metals in mercury, e.g. some of 
the iron amalgams. For descriptions of indi¬ 
vidual amalgams see the articles on the different 
metals, also Mercury. M. M. P. M. 

AMALGAMATION. The process of forming 
Amalgams , g.v. 

AMALIC ACID C 12 H l4 N 4 0„ 

1. e. C H H. J Me 1 N 4 0 8 . Tetra-methyl-alloxantin. 
Formation .—1. On mixing a solution of di¬ 
methyl-alloxan with one of di-methyl-dialurio 
acid, amalic acid is ppd. (Maly a. Andreasch, M. 
3, 103).—2. A product in the oxidation of 
caffeine by chlorine or nitric acid (Rochleder, 
A. 71, 1).—3. By reducing di-methyl-alloxan by 
H 2 S (E. Fischer, B. 14, 1912). 

Properties. —Transparent colourless crystals. 
Stains the skin red. V. si. sol. cold water or 
alcohol, si. sol. hot water. Reduces silver salts. 
It forms deep violet compounds with baryta. 
KOH, or NaOH. 

Reactions. —1. Oxidised by nitric acid to 
di-methyl-alloxan, or, better, by passing chlo¬ 
rine into water in which it is suspended.— 

2. Amalic acid may be distilled without 
leaving a residue, but it is decomposed and 
in the distillate there is a crystalline acid, 
C, 2 H u N 4 0 8I 1 desoxyamalic' acid [260°]. 
This acid is v. sol. chloroform or glacial acetic 
acid, sparingly so in cold alcohol, water or ether. 
Soluble in alkalis but reppd. by HCI. Is partly 
decomposed when distilled. Reduces boiling 
ammoniacal AgNO,. Evaporated with HNO, 
it forms dimethyl-alloxan. Chromic mixture 
converts it into cholestrophane. Hence it is 
possibly (Fischer a.liecso, A. 221, 339); 

Me.N - CO CO.NMe 

CO HC - CHCO 
MeN - CO CO.NMe 

3. Hydrogen sulphide forms di - methyl - di - 
alurio acid (M. a. A.).—4. By boiling with 
water in an open vessol di-methyl-oxamide is 
produced: 

C l .,H l4 N 4 0 8 + HnO + 0 3 = 2C 4 LLN a O a + 4C0 2 . 

5. Ammonia gas turns it *iolet, forming 
murexoin , a i/ystallino body resembling 
murexide.—6. From the solution made by heat¬ 
ing amalic acid (4 pts.) with cyanamide pts.) 
and water (100 pts.) there separates out, on 
cooling, crystalline cyamido-amalic % acid 
C 13 H 14 N 8 0 7 . Long prisms, si. sol. cold water, v. 
sol. hot water, insol. alcohol or ether; reduce* 
silver salts, and yields methylamine and an 
oxalate when boiled with alkalis. It gives off 
purple vapours when heated, and forms % subli¬ 
mate (Andreasch, M. 3, 433). 

AMANITINE v. Nbumne. 

AMAR INE v. Benzoic aldehyde. 
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ABBES. A fossil resin from Pinitea sue- 
einifer. S.G. 1-06 to MO. It contains from 
8 to 8 p.o. succinio said, also a resin [146°] 
soluble in ether but not in alcohol, a resin 
'106°] soluble in alconW anil other bodies. 
There is about 1 p.o. ash (0. Helm, P. [3] 11, 
229). When amber is distilled, succinic acid 
and oil of amber are gof. The latter (110°-2I!0°) 
is a mixture of terpenes (Pelletier a. Walter, 
A. Ch. [3] 9, 89). 

AMBBEfN. [25° 30°J. Extracted from am¬ 
bergris by hot alcohol. Ambergris is found in 
the intestinesof the spermaceti whale in tropical 
climates, and also floating in the sea. Ambrcin 
is insol. water, v. sol. alcohol or ether, neutral to 
litmus. It cannot be saponified. It greatly resem¬ 
bles oholesterin (Pelletier, A. 6,24; J. I'll. 5,49). 

AHENYL GLYCERIN v. Tiu -OXV-PENTANE. 

AMENYL-VALERIC ACID v. Decenoic acid. 

AMETHENIC ACID C,H u O,. (185°-230°). By 
oxidation of diamylcne with chromio mixture 
(Schneider, A. 157, 209). 

Properties. —A light oil. 

Salts. —SrA' 2 ,8aq : needles.—Zn A'- : warts; 
aqueous solution forms a gelatinous pp. on 
heating.—AgA': difficultly soluble pulverulentpp. 

AMIC ACIDS. Bodies represented by the 
formula X"(C0 2 n).C0.NH„ being at once amide 
and acid, e.g. oxumic acid. 

AMIDES. Bodies derived from ammonia by 
displacing one-third of its hydrogen by a mono¬ 
valent acid radicle (Gerhardt a. Chiozza, A. Ch. 
[3] 46,129). When two-thirds of the hydrogen 
is displaced by a divalent radiclo tho product i.s 
called an imide, but if the same amount of 
hydrogen is displaced by two monovalent 
radicles the product is still called an amide. If 
the whole of the hydrogen is displaced the pro¬ 
duct is also called an amide unless it is displaced 
by one trivalent radicle, when it is called a nitrile. 

Amides derived from ammonia by displacing 
one-third of tho hydrogen by an acid radicle, e.g. 
NHj-CO.X, may also be looked upon as derived 
from mono-basic acids, X.CO.OH, by displace¬ 
ment of OH by NH 2 . 

Di-basio acids, Y"(CO.OH)„, form, in a 
similar way, first amic acids, Y"(CO.OII)(CO.NIh), 
then di-amides, Y"(CO.NH 2 ) 2 . Thus a di-amide 
may be considered to be derived from two mole¬ 
cules of ammonia by displacing one-third of the 
hydrogen by a di-valent acid radicle. 

Formation.— 1. By action of ammonia on 
ethers: X.CO.OEt + NH, » X.CO.NH. + HOEt— 

2. By tho action of ammonia on acid chlorides: 

X.CO.C1 + 2NH, = X.CO.NH, + -NH,C1. 

8. By tho dehydration of ammonium salts: 
X.CO.ONH, - Rfi = X.CO.NH,. The rate at 

which this decomposition is brought about by 
heat has been studied by Mensohutkin (C. It. 
98,1049)_4. By action of NH, on anhydrides: 

- (X.CO).O + 2NH,=X.CONH, + X.CO.ONH,. 

The anhydrides of di-basic acids are converted by 
this reaction into amic acids orimides.—5. From 
nitriles and cold cone, hydrochloric acid 
XCN + HjO = X.CO.NH,.—G. From nitriles, hy- 
drogen peroxide, and very dilute KOH (Itad- 
ziszewq^i, B. 18, 355).—7. Prepared by heating 
acids with ammonie sulphocyanide for three or 
four days, e.g. : 

NH.SNC + 2HOAo = 2AcNH,+COS + H.,0 
(J. Schulze, J. pr. [2] 27, 512). 


Properties.—The amides are usually solid, and 
their melting-points serve to identify the several 
aoids. They are neutral to litmus, but form 
compounds with acids; their typioal hydrogen 
can in many cases bo displaced by metals (Ag or 
Hg). The typical hydrogen can be displaced by 
alkojls, by treatment with acid chlorides, but 
heating with alkyl iodides does not result in the 
introduction of alkyls unless sodium has been 
previously introduced. Alkylated amides oan bo 
formed by the action of alkylamines upon acid 
chlorides or ethers. 

Itcactions. —1. Converted by dehydration (e.g. 
with PjO s ) into nitriles: X.CO.N H.=X.C:N + H.O. 

2. Converted into acids by boiling potash, 
boiling dilute IIC1,fuming UNO,, or nitrous acid : 

X.CO.NH. + HNO, = X.CO.OH + H.0 + N„0 
(Franchimont, 12. 2, 343). 

X.CO.NH, + HNO...- X.CO.OH + H.0 + N 2 . 

3. One of the typical atoms of hydrogen may 
be displaced by halogens ; when bromine and 
alkalis arc both present, compounds of the form 
X.CO.NKBr and X.CO.NKBr, are produced; 
these readily split up into KBr and cyanic 
ethers XNCO (Hofmann, B. 17,1406; 18,2734). 

4. Phosphorus pmtachlorvlc reacts thus; 

X.CO.NII. + PC1 S = X.CCL.NH. 4- POCl,. 

The resulting compound splits oft HC1 giving 
X.CC1.NH, = ITC1 + XCChNH a chloro-imide 
and X.CChNH = HC1 + XGN.—5. PCI, acts 
upon alkylated amides, forming compounds 
with twice as many carbon atoms in the mole¬ 
cule. Thus CHj.CONHEt gives CII,CCl:NEt 
which then acts thus; 

2CH,CCl:NKt = NEt:CCl.CH..CMe:NEt + HC1. 
CHj.CONHPh acts similarly, while PhCO.NHPh 
and CCl,CONHEt form only chloro-imides. 
Formanilide, IICONPliH does mot produce 
NPh:CCl.CH:Nl’h but NPh:CH.NPhH, di- 
phenyl-formamidino (Wallach, A. 184, 1; 214, 
193). 

Tho HC1 liberated in the decomposition 
X.CC1..NHY = HC14- XCC1 :NY 
may often convert undecomposed amide into 
amidine 2X.CO.NHY + IIC1 = 

XCO..H 4- XC(NY)(NHY)IIC1. 
Amidines mav also bo formed thus ; 

XCONHY + XCCl.,NHY- = 
XC(NY)(NHY)IIC1 + XCOC1. 

C. Heated with alcohol they form alkyl-am¬ 
monium salts: 

X.CO.NH. 4- HOEt = X.CO.O.NIl,Kt 

X.CO.NIIEt + HOEt - X.CO.O.NII.Et, 
X.CO.NEt, + HOEt - X.CO.O.NllKt, 
(Baubigny, C. B. 95, 640).—7. ZnKt, acts thus: 

X.OQ.NH, 4- ZnEt, = X,CO.NZn + 2HEt 
Y".(CO.NH,) 2 4- ZnEt 2 =Y".C 2 0 2 N.H 2 Zu 4- 2HEt. 
These compounds are decomposed by water, 
with reproduction of the amide (H. Gal, C. B. 
96, 1316).—.8. Phenyl-hydrazine reacts thus: 
PhNH.NH. 4- NH 2 .CO.X - PhNH.NH.CO.X 4- NH, 
(F. Just, B. 19, 1201).—9. Dry HC1 converts 
primary into secondary amides: 

2NAcH„ 4- HCi = NAc 2 H 4- NH,C1 

AMIDINES. The name is applied to com¬ 
pounds that contain amidogen and imidogen 
attached (o the same atom of carhop. Thus, 
CH S .C(NH).NH 2 is called acetamidine, that is 
to say, an imide derived from acetamide, while 
C,H,C(NH)NH, iB called benz-amidine, the 
imide of benzamide. Other names for these 
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todies are ethenyl amidine, benzenyl amidine, 
ethenyl mud-amide, benzenyl imid-amide, acet- 
imid-amide, benz-imid-amide. The advantage 
of the imido-amide nomenclature is chiefly Been 
in naming derivatives, thus CH 3 .C(NEt).NH 2 and 
CH s .C(NH).NEtH may be called acet-ethyl- 
imido-amide, and acet-imido-ethyl-amide, re¬ 
spectively. But the advantage so gained is lost 
in the great lengthening of the names, and both 
bodies will therefore be called ethyl-acetamidine 
in this dictionary. They might be distinguished 
as tertiary and secondary ^thyl-acetamidine 
respectively. 

Dibasio acids can give rise to a variety of 
amide-imides, for which Wallach (A. 214, 256) 
proposes the following nomenclature:— 


B <C(N™Nn 2 amlci-a.ni.line. 

e <c(nii)1nh! amiainG - 


»<“nH) > NH imid 


-imidine. 


P <C(NU)> NH imUine - 


Formation. —1. Amidines are formed by the 
action of amines on thio-amides or nitriles: 
Ph.CN + NPh,H « Ph.C(NH).NPh 2 (Bernthsen, 
A. 184, 290, 3211.-2. By tho action of amines 
on the compounds (X.CChNPI or X.CChNY) 
formed by the action of PC1 5 on amides (Wal¬ 
lach, B. 8, 1575). 

Reactions. —1. H.,S forms thio-amides: 
Ph.C(NPh).NPhH + H 2 S =* Ph.CS.NPhU * H,NPh 
Ph.O(NH).NPhTI + iLS ~ Ph.CS.NPhU + NH r 
Another reaction also takes place: 

Ph.C(NH).NPhH + H.,S - Ph.CS.Nn* + NPliIL. 
This may bo explained by supposing an inter¬ 
mediate compound, Ph.C.(SlI)(NH 2 ).NPliH, to 
bo formed by addition of IP.S. 

2. CS.> acts thus: 

Ph.C(NH).NPhH + CS. 2 =Ph.CS.NPhH f HNCS 
Ph.C(NH).NPh a + OS*« Ph.CS.N l*h 2 + HNCS 
Ph.C(NPh).NPhH + CS,» Ph.C3.NPhH + PhNCS 

3. Action of accto-acctic ether , v. p. 19. 

The reactions of the amidines are further 
described in such articles as Formamidine, 
Acetamidine, Benzamidine, Mandel-amidixe, 
PhenyIj-acetamidine, and Phenyl-rexzamidine. 
AMIDO-ACETANILIDE v. Aeetyl-PHENYLENE- 


DI-AMINE. 

AMIDO-ACETIC ACID v. Glycocoll. 

Acetyl derivative v. Aceturic acid. 
Benzoyl derivative v. IIirrcRic acid. 

AMIDO-ACETO-ACETIC ACID v. Ackto- 


ACETIO ACID. 

AMIDO-ACETO-NAPHTHAIIDE v. Acktyl- 

NAIHTIIYLENK M-ASIINX. 

AMIDO-ACETOPHENONES frTI.NO i.e. 
C,H,(NH 2 ).C0.CH j Amidophmyl methyl ketone. 
o-Amido-aoetophenone (c. 210°). 
Formation.— 1. By reduction of o-nitro- 
ucetopbenone (devekoht, 13. 15, 2086; A. 221, 
826).—2. By action of cono. H.,80, on a solu¬ 
tion of o-amido-phenyl-acotylune (Baeyer a. 
Bloem, J3. 15, 2154).—3. By boiling o-amido- 
phonyl-propiolio acid with water (B. a. B.). 

Preparation.— o-Amido - phenyl - acetylene 
(60 g.) is slowly dropped into cone. H^SO, 
(600 OjB.) diluted with water (200 o.o,). After 


half an hour, the mixture is poured upon tee; 
neutralised with NaXO,; distilled with steam; 
and the distillate extracted with ether. 60 p.e. 
of the theoretioal yield is got (Baeyer a. Bloem, 
B. 17, 964). Propertkr —Thick volatile oil. 
Oxim [148°] (Mun„hmeyer, B. 20, 612). 
Salts. — BlLSO,; needles. — B'HClSnCl,: 
needles, eol. alcohol.- ByiJPtCl,: yellow pp. 

Beaction .—By bulling with alcoholio aceto¬ 
phenone and some NaOHAq it is converted into 
fiavolin or phenyl-mothyl quincline (O. Fischer, 
B. 19, 1036): C 6 H ) (NII,).CO.Mo + Ph.CO.CH.= 
,CMe:CH 

H ‘° + C « H ‘<N : il* 

Acetyl derivative C, i H 1 (NHAc).CO.CH r 
[77°]. Silky needles (from benzoline). Sol. 
alcohol, ether, and hot water, si. sol. cold water. 

w-Amido-acetophenone [93°]. Formed by 
reducing the nitro compound by Sn and HC1 
(Buchka, B. 10, 1714; Hunnius, B. 10, 2009; 
Engler, B. 11, 932). Short yellow pyramids, sol. 
alcohol, and ether. 

Salt .—BTIC1: long pointed crystals. 
js-Amido-acetophenone [106°J. 

Formation.— From the nitro compound (g.t>.) 
by Sn and HC1 (Drewson, A. 212, 162). 

. Preparation.— Aniline (2 pts.), ZnCl* (3pts.), 
and Ac 2 0 (5 pts.) are boiled together for 6 
hours ; the resulting acetyl derivative is saponi¬ 
fied. Yield 55 p.c. of tho theoretical (Klingel, 


B. 18, 2687). 

Properties .—Long fan-like crystals (from 
water). V. sol. alcohol, ether and hot water, 
si. sol. cold water, benzene, and benzoline. 

Salts. —BTIC1: needles.—B' 2 H 2 PtCL: slender 
yellow needles. —B' 2 ILS0 4 : needles.—B *H*0*0 4 : 
crystals, v. sol. alcohol. 

Acetyl derivative C M H 4 (NliAc).CO.OH Jt 
[167°]. Small needles, v. sol. alcohol, and hot 
water, si. sol. cold water. 

Ethyl derivative v. Ethyl-amido-aoeto- 


pjienone. 

Benzyl derivative v. Benzyl - amido- 

ACETOPUENONE. 

| AMIDO ACIDS.—Amidogen, when attached 
i to carbon in an acid, behaves as it does in 
j amides ( q. v ) or as in amines ( q . v.) according as 
that carbon does or does not belong to carbonyl; 
in the former case tho compound is classed as 
an amic acid ( q . v.), the term 4 amido acid 1 ia 
usually restricted to the latter class of bodies. 

Formation— 1. From the halogen derivatives 
of fatty acids, or their ethers, by the action of 
ammonia.—2. From tho mtro-derivatives of 
(aromatic) acids by reduction.—3. From alde¬ 
hydes, by action of liydric oyanide and NH,: 

X.CHO + HCN + NH 3 = X.CHLNH 2 )CN + HjO. 
The nitrile is then converted into amide by 
cone. HC1, and this is saponified by hot dilute 
HC1. In this way a-amido acids may be pre¬ 
pared ; alkylamido acids can be formed by usings 
alky lam ines instead of ammonia (Tiemann, B. 
14, 1982 ; Stephan, C. G. 1886, 470). » 

Properties,—IX cutral bodies which combine 
both with acids and bases. Their neutrality 
is probably due to self-saturation, as may be 
represented by a doubled formula: 

R.CH.NH3.O.CO 

CO.O.NH,. CH.B. 

Reactions,— 1. Converted by nitrous acid 
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into oxy-aeids («. p. 87, 8. 6) t di-izo deriva- 
lives (q,c.) are first formed, and this formation 
may be utilised as a test for amido-aoids 
(Curtins, B. 17, 959).—2. When heated with 
time or baryta, they kdit oft CO, forming 
amines. This separation of CO, sometimes 
occurs information 2 : thus 0,11,(NO,)Br(CO..H) 
[4:2:1] reduces to ?M-bromo-aniline (Scheufelen, 
A. 2S1,176); C,Hj(NOj„Cfl,H [4:1:2] reduces to 
m-phenylene diamine (Wurster, B. 7, 149; 
Oriess, B. 7, 1225); while C B H,(N0 2 )(C0.,H), 
[4:1:2] becomes m-amido-benzoio acid. In all 
these cases the CO, is split off from the position 
para to NO,.—3. AcCl forms acetyl-amido acids. 
4. Excess of methyl iodide, in presence of KOH, 
converts (fatty) amido acids into ammonium 
iodides: 

CEL(NH.).C0,H + 3MeI + 3K0H- 
CH,(NMe,I).CO,K + 2KI + 3H,0 
(KSrner a. Menozzi, 0. 13, 350). p-Amido- 
benzoio acid is converted by Mel and KOH into 

the betaine C,H 4 <^q^£>, while EtI only forms 

di-ethyl-amido-benzoio aoid (Michael a. Wing, 
Am. 7,195).—6. Saturated with cuprio hydroxide, 
suspended in hot water, they form blue solutions 
from which on cooling the copper salt separates. 
This occurs with leucine, glutamio acid, and 
aspartio acid. In the case of leucine, a portion 
remains dissolved, forming a blue mother liquor. 
In the oase of mixtures of amido-acids, the 
copper salts are not so readily ppd., for they 
seem to render one another soluble (Schulze a. 
Barbieri, J. pr. [2] 27, 351).—6. The methods of 
displacing amidogen by halogens in aromatic 
bodies are mentioned under Amines. 

AMIDO-ACBYLIC ACID C,H s NO, i.e. 
CH(NH,):CH.CO,H, is formed by the action of 
alcoholic ammonia on /3-chloracrylic acid at 
100° (Pinner a. Bischoff, A. 179, 97). H. W. 

AHIDO-ALCOHOLS or Alkamines (q. v.) aro 
formed by action of bases on chlorhydnns or on 
alkylene oxides, e.q.: 

CH J C1.CH,0H + NH,= CH,(NH,HC1).CH..0H, 
and 

0H,v 

^ ^>0 + NMe, + H,0 - CR i (NMe,OH).OH,OH. 

P. OXY-ETHYL-AMINE, NECItINE, &C. 

AMIDO-ALIZARIN v. Oxy-amido-anthra- 

QUINONES. 

DI-AMIDO-AMABINE V. A marine under 
Benzoic aldehyde. 

AMIDO-AMYL ALCOHOL v. Oxy-amyl-amine. 
AMIDO-AMYL-BENZENE C n H 17 N i.e. 
O.H^H.JNH,. (258°) (C.); (260°-265°) (H.). 
An oil. Foraied b) heating amyl-aniline 
hydrochloride af320° (Hofmann, B. 7, 529), or 
by heating aniline with amyl Slcohol and ZnCl 3 
at 270° (Calm, B. 15,1643). 

SalAs.—B',H,SO,: silky needles.— 
•B'jHJPtCl,: slender orange-yellow needles. 

Benpoyl derivative C.H^CjHnJNHBz. 
fo. 149 s ]. Pearly plates; sol. alcohol, ether, 
benzene. 

AMID0-ANI8IC ACID v. Methyl-oxY-miDO- 

KUIZ0I0 ACID. 

AMK10-ANIS0L v. Mcthyl-kwroo-vWLnah. 
AHIDO-ANTHBACENE «. Anthramine. 
AHIDO-ANTHEAdUIBONES 0,,H,N0,. M.w. 
223. Three have been described, but theory 


indicate* only two; (a) and m • are perhaps 
identical. * 

o-Amido-anthraguinone 

0 « H *<Coi6j> C « H ’' NH » P 41 °3- 

Formation. —1. By reduoing o-nitro-anthra- 
quidtae (Koemer, B. 15,1790). 

Properties. —Buby-red iridescent needle*; 
may be sublimed. Sol. alcohol, ethor, benzene 
and HOAo, forming orange liquids, v. el. sol. 
water. It is a weak base, dissolving in oone. 
HC1. Converted by nitrous acid into erythro- 
oxy-anthraquinone. 

Salt.—B'HCl: unstable white needles. 

Acetyl derivative C,,H,0,NAcH [202°J. 
Orange-red needles, sol. alcohol and oold HOlAq. 

(a)-Amido-anthraquinone [254°]. 

Formation.— 1. From bromo-nitro-anthra. 
quinone (Claus a. Hertel, B. 14, 980) or from 
di-bromo-nitro-anthraquinono (Claus a. Dieren- 
fellner, B. 14, 1334) by sodium-amalgam.—2. 
From (a)-nitro-anthraquinone and sodium- 
amalgam (Bottger a. Petersen, A. 166,149). 

Properties. —Bod needles, may be sublimed. 
Sol. benzeno and chloroform, si. sol. alcohol, 
and ether. Differs from the preceding by in¬ 
solubility even in fuming HClAq. 

m- Amido -anthraquinone 

°« H ‘<co |«)> c * n > NH » («)• m 

Formation. —1. From anthraquinone »»• 
sulphonio acid and NlI,Aq at 200° (Perger, B, 
12, 1666; according to Bouchardat, Bl. 33, 264, 
this reaction produces amido-oxy-anthraquinone) 
2. From its acetyl derivative, which is got by 
oxidising acetyl-anthramine by CrO, in glacial 
HOAo (Liebermann, A. 212, 61). 

Properties. —Bed needles. Solvaqueous HC1, 
insoluble in alkalis. By the action of HNO, 
and boiling alcohol it is converted into anthra¬ 
quinone. 

Acetyl derivative C„H,0 2 NAoH. [257°] 
(P.); [263°] (L.); colourless needles. 

Di-amido-anthraquinones 

C„H„NA«. C„HA (NH,), 

(a)-Di-amido-authraquinone [230°]. 

Formation.— 1. From (a)- di-nitro-anthraqui- 
none either (a) by ammonic sulphide, (6) by 
aqueous NH, at 200°, nitrogen coming off 
(J. Fischer, j. pr. [2] 19, 209), or (c) by SnCl, 
and NaOHAq (Bottger a. Petersen, A. 160,148). 
2. By reduction of tetra-bromo-di-nitro-anthra • 
quinone (Claus a. Hertel, B. 14, 981). 

Properties. -Bod needles (from ether), with 
greenish reflex (when sublimed). V. si. sol 
water, m. sol. alcohol, ether or acotone, v. sol. 
benzene. The solutions are purple. Hardly 
soluble in dilute acids; does not form salts. 

Reactions. —1. Nitrous acid passed into its 
alcoholio solution forms anthraquinone (B.a.P.). 
2. Nitrous acid passed into its ethereal solution 
forms a brownish-violet powder, C 14 H 8 N 4 0 4 , 
whioh detonates at about 68° (B.a.P.).—3. Potash- 
fusion produoes alizarin (Bottger a. Petersen,- 
B. 4, 778), or some similar body (Liebermann, 
B. 4, 231, 779). 

(3)-Di-amido-anthraqoinone [above 300°]. 

Formation. —1. By boiling (0)-d£nitro-an- 
thraquinone with SnCl| and NaOHAq (Schmidt; 
J. pr. [2] 9, 266). 

PrqperWs*.— Beddish-btown powder; sob- 
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limesiadarkred needles, St sol. water, v. sot 
alcohol, ether, and benzene, forming red solu¬ 
tions. Sol. eone. aoids, but re-ppd. unaltered by 
water. 

(yJJM-amido-anthraquiaone. 

Preparation.-r-Alizarin (20 grins.) is heated 
for 7 hours at 170° with ammonia solution |!00 
. C.O., S.G. '915). Alcohol extracts the greater por¬ 
tion^ grms.) of the insoluble residue (7’3 grms.). 
Water is added to the alcohol, and the pp. is 
dried i» vacuo and washed with ether (H. v. 
Perger, J. pr. [2] 18,135). 

Properties. —Indigo-blue powder, which ac¬ 
quires a coppery lustre when rubbed. When 
HOI is added to its blue alcoholic solution (at 0°), 
the liquid turns cherry-red and deposits brown- 
red needles of a hydrochloride, which, however, 
is so unstable as to be reconverted into the 
amorphous blue base by merely washing with 
water. It does not dye mordanted goods. 

Reactions. —1. Boiled with potash it is con¬ 
verted into oxy-amido-anthraquinone (q. v.): 
C 14 H,0 2 (NH 2 ) 2 + KOH = C m H,0 2 (0K)NH ! + NH„. 
2. Similar reaction by boiling HC1.—3. fused 
with potash, or heated with HC1 at 250°, forma 
alizarin.—4. By passing N 2 0, into its alcoholic 
solution until the blue colour is changed to pure 
yellow, it is converted into erythro-oxy-anthra- 
quinone, which is thrown down wheu water is 
added. Yield 95 p.c. 

(SJ-Di-amido-anthraquinone 

(3) NH ! .C a H 1 <g°g|>C,n l .NH 2 (6). 
[above 300°]. 

Formation. —By reducing the corresponding 
di-nitro-anthraquinone, [above 300°] (Koemer, 
H. 16, 366). 

Properties.*-Splendid red mctallio needles 
(by sublimation). HI. sol. alcohol, ether, acetone, 
and ohloroform, with orange colour; v. si. sol. 
water. Very weak base. 

Reactions.—1. Boiling potash has no action. 
2. Diazotisation followed by boiling with water 
oonverts it into anthrarufin {v. Di-oxy-anihba- 
qcinone). 

Di-acetyl derivative C u H b 0 2 (NHAc) 2 . 
Reddish yellow needles, v. sol. alcohol, and other. 

UflDO-ANTHRAQUHfOKE SULFHONIC ACIDS 

OkHpNSO, i.e. 0, < H,0 2 (NH 2 ).S0 3 H 

o-Amido-anthraquinone sulphonic aoii 

°« H *<CO(2} >O.H 2 (NH 2 )(S0 2 H) [1:6:2:4). 
Formed by reducing nitro-anthraquinone sul¬ 
phonic acid (Lifsckutz, B. 17, 899). Silvery 
needles. 

(a)-Amido-anthraquinone sulphonic aoid.— 
Prepared by reducing (a)-nitro-anthraqninone 
sulphonic acid (Claus, B. 15,1519). 'Sol. dilute 
acids, and in hot water, si. sol. cold water, 
alcohol, and ether. 

Salts.—NaA'l^aq: small red needles.— 
CaA' 2 5aq; red needles.—BaA' 2 3Jaq : slender 
red needles.—CuA' 2 7aq: yoHowish-rcd needles. 

(B)-amido-anthraquinone sulphonic aoid.— 
Formed by reducing tho lead salt of (B)-nitro- 
anthraquinone sulphonic aoid with H a S (Claus, 
B. 16, 1620). Bed powder; v. sol. water forming 
a red solution, si. sol. alcohol, insol? ether. A 
weak acid. 

(<)-Bi-amido-anthraquinone snl- 
phoaio acid 


"":V 0,.H.^l,SO,U C,AO I (NH 2 ) i S0 1 H. 
Obtained from (a)-di.amido-anthraquinone by 
means of H,SO t containing dissolved S0 4 
(30 p.o.); ppd. by ,water. The solution is a 
splendid red. It raav. be crystallised from 
alcohol. Sol. glacial E^Ae, and in acetic ether. 
Insol. ether, benzene or benzoline. On passing 
nitrous gas into its alcoholic solution anthra- 
quinone (aj-sulpj^onicooivl is formed. Potash- 
fusion forms alizarin. 

Salt.—BaA'„: insol. cold water (v. Perger, 
J.pr. [2)19, 209). 

AHIDO-ARACHIC ACID 

C 2 ,H 4) N0 2 i.e. C 20 H aB (NHJO 2 . [59°]. 
From nitro-arachio acid and SnCi, (Tassinari, 
B. 11, 2031). SI. sol. ether, m. sol. alcohol. 
Combines with neither aoids nor bases. 

AMIDO-AZO-COMPOIJNDS v. Azo com¬ 
pounds. 

AMIDO-BENZALDEHYDE v. Amido-benzoi a 

ALDEHYDE. 

AMIDOBENZAMIDE v. Amido-benzoic acid. 

AMIDO-BENZ-ANILIDE v. Amido-benzoio 

ACID. 

AMIDO-BENZENE v. Aniline. 

Di-amido-benzene v. Phenylene di-amine. 

con-Tri-amido-benzene CjII.Nji.c. C 0 II J (NH 2 ), 
[1:2:3]. [103°]. (336° cor.). Obtained by dis¬ 

tilling tri-amido-benzoic acid with pounded glass 
(Salkowsky, A. 163, 23). Crystalline; v. sob 
water, alcohol, and ether. Its aqueous solution 
is alkaline and gives with Fe 2 Cl, first a violet, 
then a brown pp.; hypochlorites and nitrites 
give brown pps. Reduces cold ammoniacal 
AgNO s Aq. HjSO, containing a little HNO, 
forms a blue colour. 

Salts.—B'2HC1: si. sol. cone, hydrio 
chloride B".—H_SO, 2aq. 

i-Tri-amido-benzene C,H,(NH 2 ),. [1:2:4]. 

[below 100°]. (o. 340°). 

Formation.— 1. From (a)-di-nitro-aniline, Sn, 
and HC1 (Salkowsky, A. 174, 265).—2. From di- 
amido-azo-benzeue p-sulplionic acid by Sn and 
IIC1 (Griess, B. 15, 2196).—3. From ehrysoldin 
by reduction (Witt, B. 10, 6581.- 4. From di- 
nitro-benzene-azo-benzene sulphonic acid by 
reduction (Janovsky, M. 5,159). 

Properties.—Colourless plates. V. sol. water, 
and alcohol, si. sol. ether. Gives a red (G.) or 
green (J.) colour with FeCl.Aq. 

Salts.—B"H 2 SO ( . Needles or prisms; si. sol.- 
cold water, v. si. sol. alcohol.—B"2HC1 [133°]: 
needles (Hiusberg, B. 19,1253). 

s-Tri-amido-benzene C,11 : ,(NH 2 ), [1:3:5] (?) 
Tho tin double salt, CJt a (NH 2 ) a (HCI),SnCl._„ of 
this base may be got from tri-nitro-benzeno (got 
by nitration of di-nitro-benzene) by Sn and 
HC1 (Hepp, A. 215, 348). Butaafter removing 
the tin by H 2 S, title hydrochloride of the base 
resinifies, NH,C1 being formed, although by 
evaporation in vacuo over II.SO, a very soluble 
white hydrochloride may be got. It gives ni 
colour with Fo,Cl„. 

Tetra-amido-benzene C„IL(NH 2 ), [fc2:4:B] 
Formed by reduction of di-nitro-m-phenyleno dia 
mine with tin and SnCl,. The base is extremel; 
oxidisable. An aqueous solution of the hydro 
chlorido wheu treated with Fe a Cl, gives a pp 
of brown needles of C^L,(NH 2 ) 2 (NH) 2 H J C1 J . 

Salts.—B l, H,Cl,: v. sol. water, si. sol. cone 
aqueous HC1.—B",(H J SO l ) 1 : sparingly solubl 
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large plates.—B^ELSO,: long sparing!; soluble 
needles (Nietzki a. Hagenbaeh, B. 20, 834). 

AMIDO-BENZE5E SULPHONIC ACIDS 

C,H,N80, i.e. 0,H 4 (NH 2 ).S0jH. Aniline sul- 
phonic acids. In the brcfltoination of these acids 
Br never takes a position*.! to Nil, (Limprioht, 
A. 191, 262). 

o-Ajnido-benzene sulphoniii acid 
C,H,(NHj)S 0 3 II *'1:4]. 1 at 7°. 

Formation.-—1. From o-nitro-bonzene sul- 
phonio acid (Berndsen a. Limpricht, A. 177, 98). 
2. From m-bromo-benzr.no sulphonio acid by 
nitration and reduction (Thomas, A. 180,128). 

Properties.— Dull white crystals like rhoin- 
bohedra. Also, as HA'-Jaq, in transparent 
shining prisms with many faces. Bromino 
added to a very dilute solution of the barium 
salt produces H 2 S0 4 , tri-bromo-aniline and 
(1,4, 61- bromo-amido-benzene sulphonio acid. 

Salts (Bahlmann. A. 180, 308).~KA'Jaq: 
prisms. — AgA': needles.—BaA'., (L. a. B.).— 
BaA'j 2aq (T.).-PbA'. 2 iaq. S. 3-4 at 6°. 

m-Amido-benzene sulphonio acid 
C,H,(NH a )SO.,H [1:3], S. 1-2 at 7° ; 1'6 at 15°. 

From m-nitro-benzeno sulphonio acid by 
reduction (Laurent, C. R. 81, 538; Schmitt, A. 
120, 164 j Berndsen, A. 177, 82). Also from 
(1, 2, 4)- bromo-amido-benzene sulphonio acid 
and HIAq at 120° (Goslich, A. 180, 102). 

Long slender radiating needles. Also, with 
ljaq in monoclinic prisms. SI. sol. cold water, 
v. sol. hot water, irisol. alcohol, and ether. 
Aqueous solution turns red in air. When heated 
it decomposes without fusion. 

Reactions .—1. Bromine added to an aqueous 
solution produces no tri-bromo-aniline, but 
(1, 3, 4, 0)- di-bromo-amido-benzene sulphonio 
acid, (1, 3, 6, 4, 6)- tii-bromo-amido-bcnzenc 
sulphonic acid, and bromanil. Chlorine acta 
similarly (Beckurts, A. 181, 211).—2. Docs not 
produce quinone when oxidised (Meyer a. Stiiber, 
A. 166,168). 

Salts: BaA'. 6aq.—PbA' 2 . 

Amide C s H 4 (NII,).S0 2 NH 2 . [142°]. From 
m-nitro-benzene sulphamide, cone. NH,Aq, and 
H,S (Limpricht a. Hybbenetli, A. 221, 204). 
White plates or long needles (from water). 

Hydro-chloride.- C„H,(N 1I,C1)S0,NH 2 . 
[235°]. Needles. 

Nitrous acid, passed into a cold mixture of 
the amide with a little HNO„ produces a di-nzo 
■nitrate, C 6 H 4 (N 2 NO,).SO..NJti 2 , benzene sulph¬ 
amide, and a diazo-amido compound 

C,H 4 (S0 2 NH 2 ).N 2 .NH.C a H 4 .S0 2 NH : ; 
the latter, [183°], is insol. water, and is split up 
by HClAq into 0 0 H,(SO s NH 2 )C1, N 2 , and 
NH r C„H,.S0 2 NH.. 

p-Amido-beiilene sulphonic acid 
C # H.(NH 2 )S0 3 H [1:4). Sulpltmilic acid. S. -6 
at 6 s . 

Formation.— 1. By heating oxanilide or ani¬ 
line with H 2 S0, (Gerhardt, J. Ph. [3] 10, 5).— 
2. By heating aniline with fuming H.SO, at 
190° (Buckton a. Hofmann, C. J. 9, 259; B. 
Schmitt, A. 120, 129).—3. From aniline and 
p-phenol sulphonio acid (Pratesi, B. 4, 970; 
Eopp, B. 4, 978).—4. By reduoing p-nitro- 
benzen* sulphonic acid.—5. By heating aniline 
ethyl-sulphate (Limpricht, A. 177, 80). 

Preparation. —Aniline (93 g.) is slowly poured 
Into H 2 S0 4 (60 g.) diluted with water. The 


solution is evaporated and the dried sulphate ii 
mixed with H,S0 4 (60 g.) and sand, and heated 
in a dish, with eonstant stirring, until it becomes 
solid. Crystallised from water. 

Properties. —Plates or trimetrio prisms (with 
aq); monoolinio (with 2 aq). 

Inactions. —1. Bromine-water gives tri-bromo- 
aniline and (l,3,2,5)-di-bromo-amido-benzene 
sulphonio acid.—2. Oxidised to quinone by 
K.Cr.O, and H,SO,Aq (Meyer a. Ador, A. 159, 7) 
or by Mn0 2 and H,S0 4 (Schrader, B. 8, 759).— 
8. KMiiO, converts its potassium salt into the 
azo derivative C a H 1 (S0,K).N 2 .C B H,.S0 3 K (Laar, 

J. pr. [2] 20, 264), the corresponding azoxy- 
compound being also formed (Limpricht, B. 18, 
1420).—4. PCI, forms C„H 4 (S0 2 C1).NH.P0C1 2 
[158°], which is converted by alcohol into 
C,H,(SO,Et).NH.PO(OEt) 2 [102°], and by mothyl 
alcohol into C u H,(SO,Me).NH.PO(OJfe) 2 [114°]. 
The former is split up by boiling into alcohol, 
sulphanilic acid, and hydro-di-cthylio phosphate. 

V. also Dl-BBOMO-AMIDO-BKNZENE SULTHONIO ACID. 

Salts. — NaA'2aq. — KA'l^aq: tviclinio 
prisms.—NH,A'l|aq.—BaA', 3iaq. — CuA' 2 4aq. 
— Aniline sulphanilate C a H,N2IIA'. Gives off 
all its aniline at 100°. 

Acetyl derivative C„H 4 (NHAe)(SO,H)— 
obtained as the sodium salt by boiling sodium 
sulphanilato with acetio anhydride. The free 
acid has not been isolated, as it readily splits oil 
acetio acid on evaporation of its solution. The 
sodium salt (A'Na) forms small colourless prisms 
very soluble in water, but less in alcohol 
(Nietzki a. Bcnckiser, B. 17, 707). 

Amido-benzene di-sulphonio acids. 

I. C s H,NS,0 6 , i.e. C 6 n,(NH 2 )(SO,II) 2 . [1:3:4 7] 
From m-ainido-benzene sulphonio acid and 
fuming H.SO, at 180° (Drcbes, B. 9, 552; 
Zander, A. 198, 21).—Bhombio octaliedra, v. e. 
sol. water or alcohol. 

S a 11 s.—(NH,) 2 A" aq. — K„A" aq.-KHA".— 
BaA" 1 ;,aq. —BaIl 2 A" 2 ; S. 2-9 at 8°.- PbA" aq.— 
PbHjA'L 

II. C„H,(NH 2 ) (S0,H) 2 2aq. [1:3:5]. From the 
corresponding nitro acid by reduction (Hcin- 
zelmann, A. 188, 167). Four or six sided 
columns, v. sol. water, and alcohol, irisol. ether. 
Bromine water gives a pp. of bromanil. 

Salts. - (NH,) 2 A"aq. — HNH,A"xaq. - 

K. .A" 3aq. - K 2 A" 4aq. - KHA" aq. - BaA" 3)aq. 
—BaH.A" 2 5aq.—PbA" 3)aq.—PbII 2 A" 2 6aq. — 
Ag 2 A". ’ 

HI. C,H,(NH 2 )(SO,H) 2 [1:2:4). Di-sulph - 

anilic acid. 

Formation.—1. By heating sulplianilio acid 
with fuming H 2 S0 4 at 170° for 6 hours (Buck, 
ton a. Hofijiann, A. 100,164).—2. By heating 
o-amido-bcnzeiie sulphonio acid with fuming 
H,80 4 at 180° (Zander, A. 198, 17).—3. By 
reducing tho corresponding nitro acid (Heinzel- 
mann, A. 188,170). 

Properties.— Minute (red) clumps (from water). 
V. sol. alcohol, insol. ether. Bromine water 
gives tri-bromo-aniline, bromo-amido-benzene 
di-sulpho&o acid, and di-bromo-amiao-benzene 
sulphonio acid. 

Salts.—The aaid salts are less soluble Id 
water than the neutral ones.—(NHJjA" aq: small 



ahtdo-benzoio acids. ias 


hexagonal prisms.— NH,HA" 2aq: clumps.— 
KjA"aq.— KHA"aq: silky needles.— BaA" 3aq: 
lout-aided plates. — BaHjA'' 2 aq. — CaA" 2aq: 
minute white needles. — CaH 2 A" 2 : slender 
needles.—PbA"2aq.—Pb(LA" 2 aq: small prisms. 
— PbHA'bfiaq. — Ag 2 A": prisms. — AgHA": 
needles or platea. d 

Bl-amido-benzene sulphonic acids 
C,H,N 2 SOj. Phcnylene-di-amine sulphonic acids. 

I. 0 s H,(KlI,) 2 (S0 a H) [1:2 or 5:8]. S. 1 at 
10°. Prom the corresponding nitroacid (Sachse, 
A, 188,148).—Rhombic tablets. V. si. sol. alcohol, 
insol. ether. Turns brown in air. Metallic 
salts crystallise with difficulty. 

Salts.—HA'HCl: needles.—HA'HClSnCl 2 . 
—HA'HBr.—H 2 A'„H 2 SO t aq. -HA'H 2 S0 4 }aq. 


II. C a H 2 (NII 2 ) 2 HSO g [1:2:4], 

Small colourless needles. 

Preparation .—1 By sulphonation of o-pheny- 
lene-diamine.—2. By reduction of (1:2:4) nitro- 
amido-benzene sulphonic acid. 

Salts.—A'jBa + fl.lH-O : easily soluble thin 
tables or needles.—A'JCa + 3H 2 0: soluble tables 
or needles (Post and Hardtung, B. 13, 89; A. 
205, 98). 

HI. OjH^NHjJjHSO, [1:3:4], 

Preparation.—1. By sulphonation of m- 
phenylene-diamine.—2. By reduction of nitro- 
amido-benzeno sulphonic acid [1:3:4]. 

Dimorphous: monoclinic tables, a:b:c = 
1'31:1:1-36, or triclinio prisms, a:b:c = 
•424 :1: -928. 

Salts.—A' v .Ba6aq: long soluble prisms. 
A'. 2 Ca5aq: soluble prisms or tables (Post a. 
Hardtung, B. 18, 40 ; A. 205,104). 

Di.amido-bcnzer.fi di-sulphonic acid 
C,H 8 N 2 S 2 0 8 aq i.e. C s H 2 (NH 2 ) 2 (SO. l H) 2 aq. From 
the nitro acid by reduction (Limpricht, B. 
8, 290). V. sol. water. 

S a 11.—SnA" aq: needles. 

AMID0-BENZENE PH0SPH0NIC ACID 
OjHjNPOj i.e. O b H 1 (NH ! )PO(OH).„ From the 
nitro acid, tin, and HOI. Slender needles (from 
water); v. si. sol. water, v. sol. HClAq ; insol. 
alcohol and ether. Salts.—Na 2 A" 3aq.—PbA". 
CuA''.—Ag,A" (Michaelis a. Benziuger, A. 188, 
282). 

DI-AMIDO-BENZHYDEOL v. Di-amido-m- 

PHENYL-CAHBIN 01.. 

AMIDO-BENZOIC ACIDS 0,H.KO, i.e. 
0„H ( (NH. 2 ).C0 2 H. M. w. 137. Tho following 
derivatives are described in special articles: 
NlTOO-AMIDO-BENZOIO ACID, ClILUliO-AMIDO-BENZOIC 
ACID, CHLOItO - METHYL - AMIDO - BENZOIC ACID, 

Methyl - amido - benzoic acid, Etuyl - ahiuo- 

BENZOIO ACID, PlIKNYL-AMIDU-DKNZOIO ACID. 

o-Amido-benzoio acid C,-II 1 (NHJ.Q0. 2 H [1:2]. 
AnthranilicacicL. [144°-145°]. 

Formation. —1. By reducing o-nitro-benzoio 
acid (Beilstein a. Kuhlberg, A. 1(53, 138).—2. 
By boiling indigo with KOHAq (Fritzsche, A. 
89, 83).—3. From (1, 2, 3), or (1,4, 6)-bromo- 
amido-bonzoic acid by sodium-amalgam (Hiibner 
a. Petermagn, A. 149,133).—4. From its acetyl 
derivative and boiling cone. HC1.—B. From 
is&toio acid (q. v.) and boiling cono. HC1. 

Properties.— Plates, or rhombio crystals 
(Haushofer, A. 193, 233). May be sublimed. 


V. sol. water, and aloohol. Converted by nitrous 
acid into ealieylio acid; and by sodium-amal¬ 
gam into NHj and benzoio acid. HC1 and K010, 
form ohloranil (Hofmann, A, 62, 66). Its 
anhydr ide is described ao Antdkanil. 

Salts.—HA'HCl: f 91°]; needles (Kubel, 
A. 102, 236).— HA'ENO,.— (HA')..H,SO,2aq: 
needles [188°].—(HA'! .H,SO,nq.— (HA'j 2 H 2 C 2 0 4 . 
—BaA' 2 : v. e. rA. w si. sol. alcohol.— 
PbA'..—CuA',.—AgA'. 

Ethyl ether EtA'. (260°). Liquid; its 
hydrochloride, EtA'IICl, [170°], forms needles, 
insol. ether, and may be sublimed. 

Reactions .—1. Nitrous acid produces sali¬ 
cylic acid (Gerland, A. 8(i, 143) or diazobenzoio 
acid (v. Di-Azo compounds). —2. KCNO oonverts 
tlie hydrochloride of o-amido-benzoie acid into 
uramido-bonzoio acid (q. v.) ; Potassium sulpha- 
cyanide forms, similarly, thio-uramido-benzoio 
acid (q. v.).—3. Phenyl cyanate (q. v.) forms 
NH...C,Ii r CO.NPh.CO.NPhH. _ 4 . Cyanogen 
paased into an aqueous solution forms C u H,N,0 
(Griess, B. 11, 1980), while in an alcoholio 
solution it forms C lo H 10 N 2 O. 2 , [173°J (Griess, B. 
2, 416). Tho latter is converted by boiling HC1 
into C,H„N..O,, [above 350°], which is probably 
-NII.CO 

C^H/^ 1 since it can be formed by heating 

H).NH, 

o-amido-benzoio acid with urea. It forms 
crystalline nitro- and ainido-derivatives. 

Tho compound C, 0 H,„N. 2 O 2 1 ethoxyl cyan- 
amidobcnzoyl ’ is converted by alcoholic NH, at 
100° into benzereulinine (q. ):.). 

The compound C,H,N a O ‘ di-cyano-amido- 
benzoyl,’ may be represented thus: 

, CO.N 

C S H,< || (Griess, B. 18, 2417). This 

\nh.c.cn 


body gives the following reactions— a. Strong 
CO.N 


NHjAq converts it into C,JI 




\nii.c.co.nh„ 

‘ carboxamido-cyano-amido-benzoyl.’—6. Aque- 
ous ammonium sulphide forms tho corresponding 
CO.N 


CJI,- 




-c. Baryta water forms 


\nii,c.cs.nh 2 . 

, CO.N 

C S H/ || ‘ carboxy-cyano-amido-ben- 

NNlI.C.COjH, 

zoyl ’; which is converted by dry distillation 
, CO.N 

into C,H,^ || ‘ carbimido-amido-benzoyl. 1 

\nh.ch 

—d. m-amido-benzoio acid produces tho anhy- 
drido of di-phenyl-guanidine dicarboxylio aoid, 
, CO.N * 

CJI,< 1| • —e. p-phenylene- 

\nh.c.nh.c„h,.co. 2 h. 

diamine produces tho anhydride of ami^o-di- 
phenyl-guanidine carboxylic acid 
CO.N 


CJIr 




All these bodiet may 


^ > NH.O.NH.C s H,.NHj. 

XH-N 

be looked upon as derivatives of C,H,<[ | 

\n=CH 


which may be called Quinaeoline. 

Formyl derivative C,H,(NHCHO)COjH^aq. 
[168°]. Formed by heating isatoio or o-amido- 



jpm>0-B»8zo!c mtiA 


iM 

benzpio Mid with formio Mid (E. t. Meyer a, 
Bellmazm, J.pr. r2] 88,84). Hair-like needles; 
soL alcohol, d. sol. benzene. 

Acetyl derivative 0,H,(NHAo)COjH. 
[180°]. Formed by boffing anthranil (q. v.) with 
A. 0 jO and treating the p\duct with water (Fried- 
linder a. Henriques, B. 15, 2105). Also by oxi¬ 
dation of (Py. 3)-methyl-quinoline by KMn0 4 
(Doebner a. Miller, He’S*307.Q. 

Preparation. — Aoetyl-o-tolVidine (1 g.) is 
oxidised by KMnO, (2 g.) dissolved in water 
(200 c.c.), the liquid being kept neutral by acetic 
Mid (Bedson a. King, O. J. 37, 752). 

Properties. —Lustrous leaflets (from water). 
Prisms (from HOAo). Trimctrio, o:6:o = 
•982:1:2-803 (Fletcher). 

Salts.— PbA'j: flocculent pp.—AgA': needles. 
Tests.—Solution of sodium salt gives with 
lead acetate a pp. sol. in acetic acid, with CaCL, 
a pp. only on adding alcohol. 

Di-acetyl derivative CjH^NAoJCO^H. 
[220°].—AgA'. 

Ohloro-acetyl derivative 
C,H 4 (NH.CO.CHjC1).COjH. From acetyl deri¬ 
vative and PCI, (Jackson, B. 14, 888). Clumps. 

Di-chloro-acetyl derivative 
C 4 H 4 (NH.CO.CHOy.CO J H. [c. 173°]. Prepared 
like the preceding. Yellowish needles (from 
water). 

Salt.—AgA'. 

Beneoyl derivative C.H^NHBzJ.COjH. 
(182°). By BzCl; or by acting on ber.zoyl-o- 
toluidine with KMnO.Aq (Bruckner, A. 205, 
130). Long needles (from alcohol); insol. water. 

Salts.—NaA' 4aq.—MgA' a 4aq.—CaA'» 3aq. 
—BaA' 2 3aq. 

Oxaloxyl derivative v . Cabboxt-phknyl- 
oxahic ACID. 

Amide C c H,(NHj)CO.NH,. - Amido-benz- 
amide. [108°]. (300°). From NH, and isatoio 
Mid (q.v.). White plates (from chloroform). SI. 
soL benzene and ether. Aqueous solution of 
(1 mol.) of its hydrochloride gives with NaNO, 
needles of C,H s N,0, [213°]. This compound 
forms salts, e.g. C,H,NaN 3 0, and a methyl ether, 
CjH.MeNjO. The methyl ether, [123°], is also 
formed from the methylamide of o-amido-benzoio 
Mid. The new substance is probably 
XJO.NH 

CjH,^ | (Weddige a. Finger, J.pr. [2] 35, 
362). 

Aeetyl-amido-benzamide 
C,H 4 (NHAo)CONH 2 . [171°]. By Ac.,0, Needles. 
Forms salts with acids. If kept melted for some 
time it beoomes solid, changing to the anhydro- 
• -NH.C.CH, 

eompound, C S H,^ || » Oxy-methyl-quin- 

'CO.N 

asoline (228°). Yellow silky needles (from alco¬ 
hol). * Soluble in hot water. Forms salts with 
Mias. 

F8rmyl-amido-benz amide 
C 4 H 4 (NH.CHO)CONH 1 . [123°]. From dry formio 
Mid and o-amido-benzamide. When heated 
this gives ILO and an anhydro-compound 
.NII.C.H 

C,H 4 < | Oxy-quinaeoline (A. Weddige, 

MJO.N 

J.pr. [2] 31,124). 


i»iHdeOA(NHjCO.NHPh.[180^.Froa 
aniline and isatoio acid. Needles (from benzene). 

Phenyl-hydraside 

0 4 H 4 (NH 2 )CO.NPh.NH,. [170°]. From isatoio 
Mid and phe-ivl hydrazine in alcoholio solution 
at 70°. Yellow needles; sol. alcohol and chloro¬ 
form, v. si. sol. ether (E. v. Meyer a. Bellmann, 
j'pr. [2] 33, 21). 

Uydroxylamide O s H,(NH 2 )CO.NH.OH. 
[82°]. From isatoic acid (q.v.) and hydroxylamine 
solution (M. a. B.). Yellowish plates, sol. 
alcohol, ether, and chloroform. 

o-Oxy-phenyl ether 

C,H,(NH 2 ).CO r C 6 H 4 OH. [136°]. From isatoio 
acid and pyrocatechin at 130° (M. a. B.). Needles 
(from water). Sol. alcohol and ether, si. boL 
water. 

m-Amido-benzoic acid C s H 1 (NH. I ).CO J H [1:8J. 
[173°-174°], S.G. 1-51 at 4 ; S. 2 in cold water, 
4 in boiling water or alcohol. 

Formation. —1. From m-nitro-benzoio Mid 
by reduction (Zinin, J. pr. 36, 103; Gerland, 

A. 86, 143; 91, 185; Sohiff, A. 101, 94; Beil- 
stein a. Wilbrand, A. 128, 265).—2. From nitro- 
phthalio acid, Sn, and HC1 (Faust, Z. [2] 5, 
335).—3. From C,H J Br(NH. J )CO..H [4:3:1] by 
sodium-amalgam (Baveill, A. 222,180). 

Properties. —Crystalline clumps; sweet taste; 
may be sublimed. Aqueous solutions are browned 
by air. 

Reactions.—1. HC1 and KCIO„ form ohloranih 

2. Bromine forms tri-bromo-amido-benzoie 
acid. 

3. Nitrous acid forms m-di-Azo-benzoio acid. 

4. The solution containing m-diazo-benzoio 
acid gives m-oxy-benzoio acid on heating. 

6. Fusion with urea produces uramido-ben- 
zoic acid (q. v.). . 

6. Boiling with CS. and alcohol produces 
thio-carbonyl-di-amido-di-benzoio aoid, 
CS(NH.C 1 H t .CO. J H)j (Merz a. Weith, B. 3, 
812). This body is also formed by heating 
m-amido-benzoio acid with thio-urea; and, 
together with thio-earbimido-benzoic aoid, by 
heating m - amido • benzoic acid with CSC1, 
(Batlike a. Schafer, A. 1G9,101). Thio-carbonyl- 
di-amido-di-benzoic acid does not melt below 
300°; it is v. si. sol. water, m. sol. alcohol or 
ether; converted by HgO, in presence of KOH 
(GrieBS, A. 172, 169), into carbonyl-di-amido-di- 
benzoic acid. 

7. CSC4 produces the last-mentioned body 
and also thio - carbimido - benzoic acid 
SCN.CjHj.COjH. This may also be prepared 
by boiling thio - carbonyl - di - amido - benzoic 
acid with HC1. It is an amorphous insolu¬ 
ble powder, v. si. sol. alcohol. Decomposes 
above 310°. It unites with aniline forming 
di-phenyl-thio-urea carboxylio acid, 
PhNH.CS.NH.C # H ( .COjH [191°]. This body is 
also formdd by heating phcnyl-thio-carbimkte 
with m-amido-benzoio aoid at 100 3 (Merz a. 
Weith, B. 3, 244). It forms slender needles 
(from water). V. boI. alcohol, and ether, b1. 
sol. benzene, and benzoline. AgNOj added to 
its alkaline solution gives a black pp. of Ag.,S i 
Fe a Cl„Aq gives a yellow pp.; Pb(OAc), a white 
pp.; and‘CuS0 4 a green pp. (Asohan, f3.17, 430); : 

8. Phosgene produces oarbonyl-di-amido- 
di-benzoio aoidCO(NH.0 4 H,.CO,H), (Sarauw, 

B. 15,44). This body ii also formed by heat- 
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lag w-urtunido.benzotb Mid (j. t>.) it 200® 
(Enwibo, B. 18, 2X24). Whits powder ; in»ol. 
watlr, alcohol, and benzene, sol. alkalis.— 
BaA" 8aq. — AgjA".— PbA". Its ether Et.A", 
ri01 o -162°], is formed by heating ro-uramido- 
benioio ether (Griess, J. pr. [2] 4,294): needles 
(from dilute aloohol). 

9. Phenyl cyanate forms on heatifg, 
phenyl-uramido-bonzoio aoid, 
NPhH.CO.NH.C s H,.CO. J H. [270°]. Concentric 
prisms, sol. alcohol, si. sol. ethor, insol. water 
(Kuhn, B. 17,2882). 

10. Aqueous KCNO evaporated with m-amido- 
benzoio acid forms thio -uramido-benzoic 
aoid NH 2 .CS.NH.C„H 4 .C0 2 H (Arzruni, B. 4,400). 

11. Phenyl cyanate (q.v.) forms di-phenyl- 
urea oarboxylic acid C0 2 H.C fl H 4 ,NH.C0.NPhfi. 

12. PC1 5 converts amido-benzoio acid into a 
white powder which, when extracted with water, 
yields a solution greatly resembling solutions 
of albuminous substances. Thus if a little 
lime-water, NaCl, or MgS0 4 , be added the liquid 
may be coagulated by heat, more especially if 
COj be passed through the solution before heat 
is applied (Grimaux, G.B. 98, 231, 1336). 

13. Cyanogen gas passed into an aqueous solu¬ 
tion forms a dicyanido of amido-benzoic acid, 
and oyan-carbimid-amido-benzoic acid. Cyano¬ 
gen passed into an alcoholic solution forms the 
dicyanide, guanido-di-benzoic acid, and ethoxy- 
carbimid-amido-benzoic acid. 

The di-cyanide (CN) 2 NH 2 .C a II 4 .CO. I H, is 
a yellow, crystallino powder, insol. water, v. si. 
sol. alcohol or other. It does not form metallic 
salts (Griess, B. 11,1985; Griess a. Leibius, A. 
113, 332). On distillation it forms m-amido- 
bsnzonitrile (Griess, B. 1, 191; Hofmann, B. 
1, 194). Boiling KOHAq or HC1 converts it 
into benz-crcatine (q. v.) (Griess, B. 3, 703). 

Gy ano • car bimid amido-benzoic acid 
CO s H.O a H t .NH.C(NH).CN forms elliptio plat' s, 
v. si. sol. cold water, sol. acids and alkalis. It 
reacts as follows:— a. Nitrous acid converts it 
into cyano - oarboxamido - bonzoio acid, 
CO S H.C 6 H 4 .NH.CO.CN. (Griess, B. 18, 2415), 
whioh forms white platos, insol. cold water, with 
sweetish taste; boiling water converts it into 
HCN, C0 2 , and carboxy-amido-bonzoio acid ; 
dilute NHjAq forms uramido-benzoic acid.—6. 
Cold dilute 11 Cl forms small prisms of carbox- 
amido - carb i midamido - bonzoio aoid 
CO a H.0 s H 4 .NH.C(NH).CO.NH 2 ; v. sol. hot water; 

. its aurochlorido, HA'HAuCl, l|aq, crystallises 
in needles Ui.).—c. Cold aqueous di-methyl, 
amine formsCO s H.C (1 H 4 .NH.C(NH).C(NH).NMc ! ; 
six-sided plates, v. sol. hot water, si. sol. cold 
water, converted by hot Na.CO, aq into m- 
carboxy-pkenyl-oxamido NH, and NMnJI. 

Quanido-di-benzoic acid 
NH:0(NH.C„H 4 ,C0 2 n) ! is also formed fromthio- 
■ earbonyl-di-amido-di-benzoio aoid, ilgO, and 
NH. (Griess, A. 172, 172). It is crystalline. 
Salts.— BaA",—H 2 A"HCl.—(H 2 A"HCl) 2 PtCl 4 . 

Ethoxy - carbimidamido - benzoic 
acid, Et0.C(NH).NH.C,H 4 .C0 2 H ljaq forms 
needles (from water), sol. alcohol, and ether; 
converted by alkalis into alcohol and uramido- 
henzoio acid; nitrous acid converts it i*to 

Garb oxy-amido-benzoic aoid mono- 
ethyl ether C0 1 Et.NH.C,H..C0 2 H [189°]. 
Ibi*: aoid is also formed from amido-benzoio 
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aoid and Ol.OOjEt. It crystallises in plates 
(from water). Salts. — BaA' 2 2aq. — AgA' 
(Griess, B. 9,-796; Waohendorff, B. 11, 701). 
Ether EtA' [101°]; plates (from water). Amide 
Ou>H,iiNOjNH 2 . [168°] (W.). 

Salts.—HA'HCl: mrisms (Cahours, A. Ch. 
[3] 53, 322).—(HA'HCliJPtCl,.—HA'IIClSnCh. - 
HA'HBr. - HA'HNO£-(HA')..H.,S0 4 aq. [225"]. 
HA'H,P0 4 (HarbqrjJ, J. ^23, 290).—BaA' t 4aq. 
— CaA'., 3aq. -^CuA' 2 — PbA' 2 . Noodles. - - 
MgA',7aq.—Agl'—NaA' (at 100°) (Voit, A. 99, 
100).—SrA' 2 2aq.—ZnA',, (when dried at 100°). 

Methyl ether. —MeA'. Oil (Chancel,C.if. 
30, 751). 

Ethyl ether.— EtA'. (294°). Liquid, sol. 
water; from m-nitro-benzoio ether. Salts; 
EtA'HCl. [185°]. (Muller, B. 19, 1493). — 
(EtA'HCl) 2 PtCl 4 . —Et AMINO,: prisms. 

Acetyl derivative C,,tl l (NHAc).CO a H. 
[245°]. Formation. —1. By AcCl or by HOAo 
at 110° (G. C. Foster, C. J. 13, 235).-2. From 
amido-benzoic acid (10 g.) and acetic other (25 
o.c.) at 150°. (Pollizzari, A. 232,148).—3. From 
amido-benzoic acid And acetamide (P.), or Ac 2 0 
(Kaiser, B. 18,2946). Properties. —White powder, 
v. sol. hot alcohol, si. sol. hot water, v. si. sol. 
cold water and ether. Dissolves in Na.,HPO.Aq, 
but ro-ppd. by HOAo. May be sublimed. Salts. 
—BaA'. 3aq: needles.—CaA'. 3aq.—NaA'(at 120°). 
Formyl derivative 

CJI 4 (NH.CHO).CO a H. [225°] (Pellizzari, 0. 15, 

555). 

Ilcptoyl derivative 
C 4 ,H 4 (NH.C',H, 2 0).C0 2 H. [202’] (P.) 

GlycollyL derivative 
C 6 H 4 (NH.CO.CH 2 OH).CO,,n. [212°]. Gives at 

220° theanhydrido < cq ! >N.C„II 4 .C0 2 H, [248°]. 

Acetyl derivative. [198°]. 

Lactyl derivative 

CH :l .CII(dH).C0.NH.C s H 4 .C0 2 H. [162°]. Its 
anhydride melts at [243°] (P.). 

Benzoyl-derivative C 6 H 4 (NHBz)CO,H. 
[248°]. 1. From amido-henzoic acid and benz- 
amido at 180° for 2 hours.—2. By boiling amido- 
benzoic acid (2 g.) with benzoio ether (4 o.o.) for 
6 hoars (Pellizzari, A. 232,150).—3. From amido- 
benzoio acid and benzanilide at 230° (P.). Mi- 
nuto prisms (from aloohol). Soluble with ease 
in alcohol, less so in ether or water. Its Ca 
and Ba salts are soluble. Kosolved by hot KOH 
into benzoio and amido-benzoic acids. Anilide. 
—C s H 4 (NHBz)CONPhH. [225°]. By heating 
C„H 4 (NBzH)C0 2 H with aniline for some hours. 

Oxaloxyl derivative v. Carboxv-pbbntl. 
oxamic ACID. 

Sueciny l-derivative Cj.HjNO, or 
CH 2 .C=N.C e H 4 .CO.,H. -» 

I \ ,, (?). r235°]. Formed by 

CH..CO.O 

melting succinoxyl-amido-bonzoio aoid, or by 
fusing succinic and amido-benzoic aoids together 
(Muretow, J. B. 4,295 ; Pellizzari, B. 18, 215). 
Needles (from alcohol). SI. sol. oold water. 
Salt s.—BaA 2 2aq.—Ag A'. 

Succinoxyl derivative 0|,H|,NO. £j. 
COjH.CHj.CHj.CO.NH.OjHj.COjH. [230°]. From 
tho preceding by boiling with water, baiyta or 
ammonia (M.). Plate3; m. sol. water. 
BaA" ljaq. 

Succinyl■ di-amido-di-benzoic aoid 



168 


AMIDO-BENZMOAGIBS 


0,^,0, i.e. 0 1 H.(00.NH.0,H,.CO,H) t . (?) 

g i.800°]. Formed together with 
0 J Et.OH J .CH ! .CO.NH.O,H 1 .CO i H by heating 
alcoholic succinic ether with amido-benzoic acid 
(M.; P.). Also from sucoinyl-amido-benzoio 
acid, alcohol, and HOI ttl.). White crystalline 
powder. Soluble in KOfllAq. Salts: CaA"7aq. 
S. ;2.-~BaA" 5aq: needles:,,, 

Phthalyl C 1S H 0 NO, i.e. 

C a H,:C 2 0 2 :N.C 6 H,.CO.,H. [28f V Formed to- 

gethcr with its ether by heating amido-benzoio 
aoid with phthalic ether (I’ellizzari, B. 18, 216). 
Ethyl ether: A'Et. [152°]: radiating needles. 

Sebacyl derivative C.. l H. 1 N.O a i.e. 
C s H„(CO.NH.C # H,.CO..H)„. [275°]. "Formed 
together with C0,Et.C s H,„'.C0.NH.C 6 H J .C0..H by 
heating sobacio ether with amido-bcnzoic acid in 
alcoholio solution (P.). White powder, si. sol. in 
most menstrua. 

Amide CJ1 1 (NTI).C0.NH,aq. Amido-benz- 
amide. [75°]; when dry [abovo 100°]. From 
m-nitrobenzamide by ammonium sulphido (H. 
Schiff, A. 218,185; Chancel, A. 72, 274). 

Properties. —Large, yellow crystals. Unites 
with acids fonning compounds:—C,H,N.,0HC1: 
needles.—C,II,N s OHNO,.—(C,H,N 2 OHCl) 2 PtCl,. 
—C,H,N.OAgNOj: needles. 

Reactions. —1. Aqueous solutions (even when 
very dilute) give with fatly aldehydes crystalline 
pps. ol the form B.CH(NH.C„H,.CO.NH.,),. 
These are soluble in alcohol, but give with 
HNOj containing CrO, a violet colour. They 
differ from original amido-benzamides in being 
no longer basic and in giving no coloured com¬ 
pounds with furfurol solution.—2. Aqueous 
salicylic aldehyde gives yellowish needles of 
C,H,(OH).CH:N.C 6 H,NHj. [186°]. V. e. sol. 
alcohol or warm water. This compound, o-oxy- 
benzylidene-amido-bonzamide, boiled with ben¬ 
zoic aldehyde forms a product C as H. ; ,N 4 Oj, in¬ 
soluble in water, alcohol, ether, toluene, chloro¬ 
form or CS„ but maybe crystallised from phenol 
(2 vols.) and alcohol (1 vol.). It may be con¬ 
sidered to be an anhydride of 

C„H 5 .CH(NH.CO.C 8 H ( .N:CH.C s H,.OH) : . 
Boiled with Ac-O it takes up 1 moleculo of Ac,0 
forming small needles. Dilute aqueous NH, 
reproduces the compound C,,II, 6 N t O s . — 3. 
Helicin (2 pts.), m-amido-benzamide (1 pt.), and 
water (10 pts.) form yellowish plates of a giuco- 
side of o-oxy-benzylidcne-amido-benzamide 
[113°]: NH„.CO.C # H,.N:CH.C s H,.O.C„H 11 O s 2aq. 
4. Boiled with an alcoholic solution of isatin 
it forms a crystalline powder [o. 080°] of isat- 
amido-benzamide: 

NH < c do‘> :N.C b II v C 0.NII 2 . The compounds 

NH.,.CO.C h H 4 .N:X derived irom aldehydes and 
amido-benzamide are decomposed by heating 
with, aniline into amido-benzamide and PhN:X 
(Schiff, 0. 13, 113; A. 218,185). 

Phthalyl-amido-benzamide 
NH 2 '?CO.C,H,.N:C.C,H. 

o.co [240 °- 241] - Got b y 

fusing m-amido-benzamide with phthalic anhy- 
dride. Bundles of slender needles (from alcohol). 
V. si. sol. water. Heated with aniline gives 
phenyl-phthalinside and amido-benzamide (H. 
Behiff, A. 218,194). 


m-Amido-b entatniioxim 
O a H,(NH,).C(NH 2 ):NOH. A crystalline solid; 
formed by reduction of m-nitro-benz-amidozim 
with SnCl 2 . Salt.—B'HClj prisms (SohSpff, 
B. 18, 2472). 

Anilide NH,.O a H,.CO.NPhH. Amido- 
benmnilide. [129°]. (P.); [114°] (E. a. V.), 
Framed by heating m-amido-benzoic aoid with 
aniline (Piutti, B. 10,1321) or by reducing m- 
nitro-benzanilide (Engler a. Volkhausen, B. 8, 
35).—Silvery scales (P.) or long needles (from 
water, E. a. V.). Heated with aniline at 200° 
it forms two isomerides, (C,H s NO)„ one soluble 
in alcohol, [225°], called ‘ amido-bonzoido,’ and 
the other an insoluble powder (Piutti, 0. 13,339). 
Salts: C, 1 H, 2 N 2 OHC1.-(C, J H 12 N.,0),H 2 SO, 

p - Amido - benzoic acid C„H,(KH 2 )C0 2 H. 
[186°-187°]. Amido-dracylic acid. 

Formation.— 1. By reducing p-nitro-bonzoio 
aoid (G. Fischer, A. 127, 142 ; Wilbrand a. 
Beilstein, A. 128, 264). — 2. By boiling its 
succiuoxyl-derivative with HC1 (Michael, B. 10, 
576). 

Preparation.— 50 pts. of acetyl-p-toluidme is 
suspended in about 2000 pts. of boiling water 
and oxidised by slowly adding 200 pts. of finely 
powdered KMnO,. The solution is filtered from 
MnO z , the acetamido-benzoio acid ppd. by HC1, 
and saponified by boiling for an hour with strong 
HC1 (Kaiser, B. 18, 2942). 

Properties. —Long white needles, not coloured 
by moist air. When heated with urea it forms 
C0(NH.0 S H,.C0 2 H) 2 (Griess, J. pr. [2] 5, 370). 

Salts.—BaA' 2 : shining laminte, sol. water. 
—A'.Pb.OAc, ppd. by Pb(OAc) a Aq (Ladonburg, 
B. 6, 130). — (HA')JLSO,. - The copper-salt 
is a dark-green pp. (Goitner a. Beilstein, A. 
139,1). 

Acetyl derivative C s ft,(NiIAc).COJI. 
[250’]. Formed from acetyl-p-toluidine by 
KMnO, (Hofmann, B. 9, 1302). Needles, si. 
sol. water. Salt: AgA'. 

Benzoyl derivative C ? H,(NHBz)C0 2 H. 
[278°]. From bcnzoyl-p-toluidine, Cr0 3 , and 
HOAc (Bruckner, A. 205, 127).—Small needles 
(from alcohol). Salts. — BaA' 2 . —CaA',. 

Succinoxyl-derivative 
CO.H.CII 2 .CH 2 .CO.NH.0,H,.CO 2 H. [226°]. From 
p-tolyl-succiuimido and dilute KMnO, (Michael, 
B. 8, 677). Yellowish needles, si. sol. cold 
water. Salt.—CnH^NOjAg. 

Amide C„H 1 (NH 2 ).CO.NH 2 . [179°]. Formed 
by reducing p-nitro-benzamide (Beilstein a. 
Keichenbach, A. 132, 144). Yoliow crystals, si. 
sol. water. 

Di-amido-benzoio acids C,II,N,0 2 (Griess, 
A. 154, 325; B. 2, 47, 434; 5, 192; 7, 1227; 
17, 603; Pr. 20, 168; Wurster a. Ambiihl, B. 
7, 213; V. Meyer a. Wurster, B. 6, 635; A. 
171, 62). These acids can be formed by 
reducing .the corresponding di-nitro-, or nitro- 
amido-, benzoic acids. They are solublo in water, 
combine both with aoids and bases, and split 
up, when distilled with baryta, into CO, and 
phenylene-diamine. 

Nitrous acid converts the (a) acid into amido- 
di-azo-benzoio acid, O a Hj(NH 2 )<^j°]>0; the 

(8) and (?) acids are converted by it into 
I azimido-benzoio aoids, HN,:C,H,.CO ! H, while 
J the symmetrical acid becomes tn-amido-azo-ben. 
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Boio acid C a H,(NH 2 )(0O,H).N,.C fl H a {NH 1 ) a 0OjE[ 
v. azo compound's. 

a-di-amidO’benzoic acid 
OAfCO.mNH^aq [1:3:5]. [228°]. S. 1*1 at 8° 
(Voit, A. 99, 106;*Hiibner, A. 222, 85). Colour- 
less needles, neutral to litmus; loses aq at 110°. 
Very dilute solutions are turned yellow by HN0 2 . 

Salts. —IIA'2HC1: needles.-HA'H 2 SO|— 
S. 1*05 at 11°.—BaA'o l£aq.—AgA' 2aq. 

Amide C B II 3 (CONH.,)(NH 2 )., di-amido-bcnz- 
amide. [177 J ] (V.); ‘[183°] (M.). Needles 
(Muretow, Z. [2] 6, 642). Salt.— 

CJ 7 H e N s O 2HC1: silky needles. Di-acctyl-dcriva - 
tive O fl H.,(CONAc.>)(NH._,)., 2aq. [Above 270°]. 
Thin needles, si. sol. cold water (M.). 

[a)-di-amido-benzoic acid 
CgH 3 (CO.H)(NHo) 2 . [1:2:5]. Formed also from 
nitro-isatoic acid by Sn and HC1 (Kolbe, J. pr. 
[2] 30, 480). Very small prisms (from water). 
V. si. sol. alcohol, ether, and boiling water (G.). 
The free acid turns blue in air. 

Salts. — HATI,S0 4 : needles, v. si. sol. 
water.—HA/2IIC1 (K.). 

(&)-di-amido-benzoic acid 
C B H 3 (C0 2 H)(NIT.,) 2 [1:3:4]. [211°] (Salkowski, 

A. 173, 57; Griess, B. 6, 856). Plates. SI. sol. 
cold water. 

Salts.—IIA'H 2 S0 4 : plates; v. si. sol. hot 
water.—HA'HCl ljaq. 

(y)-di-amido-benzoic acid 
C B H s (C0 2 H)(NH,), [1:2:3]. Long needles. 

Salt.—(HA') 2 H 2 S0 4 l*aq : six-sided tables or 
columns, v. si. sol. water; Fe 2 Cl„ colours its solu¬ 
tion brownish-red. 

Tri-amido-benzoic acids C^NgO^ 

I. C 6 H 2 (C0 2 H)(NH 2 ) 3 4aq [1:3:4:5]. From di- 
nitro-amido-benzoio ” (or chrysanisic) acid 
(Salkowski, A. 163, 12). 

Needles (from water). SI. sol. cold water, 
v. si. sol. alcohol, and ether; solution is acid. 
Heat splits it up into C0 2 and tri-amido-benzene. 
Its solutions give a brown pp. with Fo 2 Cl B . 

Salt s.— HA'2HC1: silver-grey needles.— 
HA'(HCl) 2 SnCl 2 3 2 aq:monoclinic.—HA'ILS0 4 aq: 
si. sol. hot water. — HA'2HNO r — CaA' 2 . — 
ZnA'o 6aq. 

II. CJI 2 (C0 2 H)(Nn 2 ) s [1:2:3:5]. Formed by 
reduction of p-sulpho-henzene-azo-s-di-amido- 
benzoic acid (Griess, B. 15, 2200). 

Colourless crystals; v. sol. hot water; si. 
sol. alcohol, insol. ether. Very readily oxidised. 

Salt.—HA'H 2 S0 4 ; small white needles, v. 
si. sol. water, insol. alcohol. 

References. —Ciiloro-, Bromo-, Iodo-, Nitro-, 
and Methyl-, amido-bknzoio acids and amido- 

SULPHO-BENZOIO ACID. 

AMIDO-BENZOIC ALDEHYDES C 7 H 7 NO. 

o-Amido-benzoio aldehyde C B H 4 (NH 2 ).CHO 
[1:2]. [40°]. Formed by oxidisiflg its oxim 
with Fe 2 Cl B (Gabriel, B. 15, 2004). 

Preparation.— o-nitro-benzaldehyde (3 g.) is 
digested with FeS0 4 (50 g.) and NH, at 100° 
(Friedlander a. Gbhring, B. 17, 456). 

Properties. —Silvery plates; volatile with 
steam; may be distilled. V. sol. alcohol, ether, 
and benzine, si. sol. water, insol. light petro¬ 
leum. 

Salt.— B' a H 2 PtCl e : large yellow prisma (from 
HClAq). 


Reactions.Story stable towards alkalis, but 
condensed by acids to C M H, 2 N 2 0, which is 
probably GaH^NHJ.CHiN.CjH^CHO; this form* 
small colourless needles [189°], is not volatile 
with steam, and possesses only weak basic pro¬ 
perties; NH s Aq, cone. VIGlAq, and hot dilute 
HClAq reconvert it injJwnido-benzaldehyde. 

Acetyl derivative C e H 4 (NHAc).CHO. 
[71°]. White neeiWS.UMpdJitniler, II. 15, 25t2). 

Oxim G.KMmjCu.xOU. [133°]. Formed 
by reducing ff-nitro-benzaldoxim (Gabriel, B. 
14, 2338; 15, 3057; 16, 517). Needles; may 
be sublimed. Sol. alcohol and ether, si. sol. 
water and benzene. Its methyl derivative 
C B H, (NII.)CH:NOMo melt3 at [58°] (It. Meyer, 
C. C. 1885, 516). Its acetyl-methyl deriva¬ 
tive C (i II 1 (NHAc)CH:NOMe [109°], and its di¬ 
acetyl derivative C a H,(NHAc)CH:NOAo 
[128°] are crystalline, insol. acids and alkalis. 

m-Amido-benzoic aldehyde. 

Oxim C fl H 4 (NH 2 ).CH:NOH. [88°]. Formed 
by reducing m-nitro-benzaldoxim with FeSO, 
and NH S (Gabriel, B. 16, 1997). White felted 
needles. Sol. alcohol, ether, and hot benzene, 
si. sol. cold benzene, and benzoline. Dissolves 
in acids and alkalis. Salt: B'JELPtCl 6 ; orange 
yellow tables. 

p-Amido-benzoic aldehyde C,.H 4 (NH 2 ).CHO 
[1:4]. [71°]. Formed by action of acids on 

its oxim. Flat plates, sol. water. With acids 
it forms red salts. 

Acetyl derivative C (j H 4 (NHAc).CHO. 
[155°]. Long white needles. 

Oxim. — CJT 4 (NH 2 ).CH:NOH. [124°]. 
Formed by reducing the oxim of p-nitro-benzoio 
aldehyde by ammonium sulphide (Gabriel a. 
Herzberg, B. 16, 2000). Flat yellow crystals, 
sol. water, alcohol, ether, acids, and alkalis. Its 
acid solution is resolved, even in the cold, into 
hydroxylamine and jD-amido-benzoic-aldehyde. 
Acetyl derivative C u H 4 (NHAc).CH:NOH. 
[206°]. White plates. 

AMIDO-BENZONITRILES C.H B N 2 . 

o-Amido-benzonitrile NII 2 .C B H 4 .CN [1:2]. 
[103°]. By reduction of o-nitro-benzonitrile 
(Baerthlein, B. 10,1714). Needles; v. sol. water, 
alcohol, and ether. 

m-Amido-benzonitrile NH...C B H 4 .CN [1:3], 
[52°]; (290°). 

Formation. —1. By reducing w-nitro-benzo- 
nitrile (Hofmann, Z. [2] 4, 726; Fricke, B. 
7, 1321).—2. By distilling the dicyanide of 
wi-amido-benzoic acid (v. p. 157, l. 32) (Griess, B. 
1, 191).—3. By heating ni-uramido-benzoic acid 
(<p v.) with P 2 O s (Griess, B. 8, 861). 

Properties. —Needles or prisms, si. sol. water, 
▼. e. sol. alcohol. ^ 

Salts. — B'Gpi. — B',H.,PtCl 6 : four-sided 
tables.—B'AgN0 3 : white 1 ami me. 

p-Amido-benzonitrile NIL.C H H 4 .CN [1:4], 
[110°] (F.); [74°J (E.). Formed by reducing, 
p-nitro-benzonitrile (Englcr, A. 149, 302), or by 
distilling p-uramido-benzoic acid (F.).—Needles, 
v. sol. alcohol, ether, and boiling water.— 
B'HCl.—B' 2 H.,PtCl„: needles. 

AMIDO - BENZOPHENONES 0 1S H„N0. 
Amido-di-phcnyl-ketones. 

o-Amido-benzophenone Bz.O„H 4 .NHj [1:2]. 
[106°]. Formed by reducing o-nitro-benzo- 
phenone with Sn and HC1 (Geigy a. Koenigs, J2. 
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Jj®)* TeBownlates, car ‘ _ 
dilute acids, aloohol, and ether. 
r fi o^ d0 - b ‘“ < * 1 ~ Bz.O,H ( .NH, [1:3]. 
S? I *^™-»>tro ; be n zophenone and SnCl, 
—, ow {eUod needles, sol. alcohol, 

Mediae ^ ' wate ^ B ' HC1 : [187°]; long 

rtofo^ A “» 0 ' 1)0n,0p , heaon ^? z ' C « H < NI I 2 [1:4]. 

■Ss 1 by boiling its 

phthalyl dernatwe witfiaico/iCHy KOI! (Doebner, 
Jd. Id, 1011; Docbner a. Weiss; B. 14 188G) 

°“, 0 .',SL pla f' 7- Bo1 a,coh °•> ether, and 
glacial HOAc, si. sol. cold water. Nitrons acid 

ShT?*™* T,° P '° X i'^ zophenone - On fusion 
wth ZnCL it loses H.,0 forming a compound of 

the formula C, 3 H,N. The latter is a very stable 

iIlotf er ri^ioi UbS j al 1 1 . co ’., crys,alIisin 8 in glistening 
plates [118 ],and distils undecomposed at a high 
temperature; it is soluble in alcohol, ether, &c 
sparingly in hot water, insoluble in cold. 

Salts. B'gH^SO,: Jong sparingly snlnhlp 
needles.—B'HCl, B'.dI A (V and S “ 
more soluble.—(li'HGij.Ptei,: yellow needles; 
tl. sol. oold water. 

;.^ et K l derivative C, i H i .CO.C i; H,.NHAc. 
J53]. Long noodles. Sol. alcohol, ether, 
acetic acid and benzene ; insol. water. 

1 deri vativc C„H ! .CO.C„n,.NITBz. 

1 l , Bltttos, sol. hot alcohol, si. sol. cold 
alcohol, insol. water. 

Phthalyl derivative C..,H„NO ie 
CH C °.0 6 H ,N(CA C 6 H ) ) [183 ], Prepared 

action of BzCl on plitlialanil in presence 
of ZnCl 2 . Large needles or plates, insol. water, 
il. sol. alcohol or ether. 

(a)-Di-amido-benzophenone C I3 II 0(NH ) 
[172°]. Prepared by reducing («).di-nitr 0 .bcnzo- 
phenone, [1110 ] itself got from di-nitro-di-phenvl- 
methane. [183°] (Staedel a. Hauer, B. 11, 1717 • 

■A. 218, 344). White needles. ’ 

®3 n HC1: hwgo tables.—B"2HClSnCL.- 

IS 

(^j-Di-amido-benzophenoneC,:,!!,;.^©. [165°]. 
Flavine.— 1 rom di-nitro-benzoplienone [140°] 
reduction (Chancel a. Laurent, A. 72, 281 • 
Prastorius, B. 11, 741).—Slender yellow needles 
(from water). 

Salts: B"H.Sn,,CI 6 ; plates.—B"H,PtCL. 

neei::,%r ] dCrlVaHVe : 

^Oxim (C a H,.NH 2 ) 3 C:NOH: [178"]; crystal- 

(O a H r NH 3 ) 2 C:NJtPh: 

• ye Howish needles (from hot alcohol). 
(Munchmoyer, II. 20, 511). 

fr)-Di-amido-benzophenone, C.JLOINH 1 
IJ® 1 . 0 ]- P r °™ the di-nitro-benzophenone [190°j 
obtained froi^,benzophenone (Staedel, A. 218 
849).—Glittering tablets. 

Salt.—B"2IIC1. * 

ne.™ et l\i dcriva , ive - ~ OiaH.OfNAoH),. 
£16 Ut^“- ; lnso1 - water ; v. sol. aloohol. 
AMIDO-BENZOYL-CAHBAMIDE v. Una* 
AHIDO-BENZOYL-FORMIC ACID v. Amido- 
FHBnyl-gltoxylic acid. 

AMIDO-BENZOYL-GLYOXYLIC ACID « 

Quinibatic acid. 

ABJIDO-BENZOYL-UREA v . Urea. 
DI-AMIDO-DI-BENZYL c, H N ie 
NH 1 .C,H ( .Cn 2 .CH,.C 8 H < .NH i . * [132"j.‘ From 
“• m nitro-compound ( 2 . o.) by reduction.— 



Olbatissi Seales (frbm hoi water), t. si. sol. cold 

water, v. sol. aloAol j may bs sublimed. 
m !If 3 ?, 4 27 ^. ( ^ C,0 * ),8aq (Fittis a - steU - 

vtw A ?J? 0BENZYL ALCOHOL C.HNO ie 
[82 °^ Prepared by the 

alcthni Zln -° ( d “v St and HC1 n P° n "-nitre-benzyl, 
^hol o-nuro^enzee aldehyde, or anthranil 

niai “ der , a, ,?f' ln<lu<is - B ' 15 ’ 2109). White 
wUh steam 8 P<Slroleum ' ^ghtly volatile 
AMIDOBENZYL. AMINE CHS i. 

NH 2 .C H,.CH„NII 2 [1:4). (209°). 's.G. asi-OA 
Bemylene dianww. From acetyl-p-nitro-benzyl- 
ammo, Sn, and HC1: the Ac being split off in 

the operation (Amsel a. Hofmann, B. 19,1287) _ 

Colourless liquid, v. sol. water ami alcohol, insol. 
ether; alkaline, absorbing C0 2 from the air. 

B" 2i S CI: nee,lles > T - so] - water— 

B ifnClJiPtCl,; flat needles. The nitrate and 
oxalate orystalliso in long white needles. AgNO 
forms a double salt in large plates. 

/vw i ; a ?, id °;?V ionz y 1 - amine c m h„n 3 
(NH 2 .C b II,.CH.,) NII. [10(>°J. From the nitro 
compound (Strakosch, B. C, 1060). Needles or 
! piates; may be distilled, but not volatile with 
j stoi ren; Salts.- B'"3IICJ.—B'"(HCl),PtCl,. 

I Tri-amido-tri-benzyl-amine C II N -•* 
(NIL.C„H CH ) 3 N. [130°]. e Froin nitro 

compound^ (&.)—Octahcdra (from alcohol); not 
volatile with steam. Insol. water, v. sol. hot 
aleohoh Reduced by Sn and HC1 to p-toluidine 
and the preceding body. 

AMIDO-BENZYL-ANILINE g.h N i, 
NH 2 .C„H CIL.NPhH. [88°J. From the" nitro- 
compound by NH and H 2 S at 100" (Strakosch, 

B. b, 1063).—Scales, v. sol. alcohol, ether, and 
“5 not volatile with steam. Salt.— 
a so1 ’ water > ,css ao in HClAn, 

AMIDO-BENZYL-BENZENE v. Amiho-di- 

FUENYI,-METHANE. 

AM1D0-BENZYL CYANIDE „. nitiule of 
Ajiido-piienyl-acetic acid. 

DI -p - AMIDO - DI - BENZYL - MALONIC - 

nhP 11 ; E , THER , (C 0 H 3 (NH 2 ).CiL)..:C(CO 2 Et). 
Obtained by reduction of di-nitro-di-benzyl- 
malomc ether with SnCl 2 . 

Salts: (A"Et 2 )H 2 Cl 2 : [230°],easily soluble 
needles.—(A FtJH.SOg scales—(A"Et4H 2 C 2 0 ( : 
ghstemng yellow scales. — (A"Et.)H 2 Cl.PtCl, ■ 

I? 2M3Gr n Pkt69 ( Mmann ‘»- Sohleiot, 
n AMIDO-BENZYL-PHENOL CjjH.jNO i.e. 
C p Hj.CH,.C„H 3 (NHj)(OH). [1:3:4], From the 
nitro-compound. Scales (Bennie, G. J. 41, 221) 
DI-AMIDO-BENZYL-TOLUENE C ]( H,.N,. A 
crystalline powder, obtained by reducing di- 
nitro-p.benzyl-toluene (q.v.) (Zincke, B. 5, 684). 
Salt s.»~ B"21ICI.—B"H.,SO,. 
AMID0-BB0M0-C0MF0DND8 t). Bboko- 

AMIDO-COMPOUNDS. 

AMIDO-BRUCINE v. Brucine. 
AMIDO-BUTYL-BENZENE v. Amido-phenyl- 
butane. 

AMIDO- BDTYB1C ACIDS C,H.NO„. 
o-Amidowj-butyrlo aeid CH 3 .CH 2 .CH(ifH 2 ).C0 2 H. 

S. 3 at 15°; S. (alcohol) -18 at 80°. From 
o-bromo-butyric acid and NH„Aq (R. Schneider 
A. Supjil. 2, 71). -Stellate groupe of small 
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lAminflB or needleB (from aloohol); neutral; 
sweet taste; insol. ether. 

Salts.—HA'HCl; y. sol. water.—HA'HNO,; 
fern-like groups of silky needles.—(HA')JLS0 4 .— 
HOPb.A'.-AgA'. 

jB-Amido-n-bntyric acid 

CH s .CH(NII,).CH r CO,H. 

Amide CH 3 .CH(NH i ).CH 3 .CO.NH 2 . Anan^r- 
phous mass, obtained by the action of alcohWlio 
, NH S on /3-chloro-?i-butyrio ether (Balbiano, 
O. 10,137; B. 13, 312). Its platino-chloride 
crystallises in orange tables, si. sol. alcohol. 

a-Amido-iso-butyric acid CMe ;i (NH 2 ).C0 2 H. 

Formation. —From acetonyl-urea and fuming 
HC1 at 100° (Urech, A. 164, 268).—2. From di- 
aoetonamine (Heintz, A. 192, 313 ; 198, 40). 

Preparation. —The acetone oyanhydrin, ob¬ 
tained by the action of dilute HCN on acetone, is 
heated with alcoholic NH a at 60°, and the pro¬ 
duct saponified (Tiemann a. Friedliinder, It. 14, 
1971). 

Properties.— Plates or tables, v. sol. water, si. 
sol. alcohol, insol. ether ; sublimes at about 220°. 

Salts.—BaA'.,2aq: needles.—Mg A' 2 : thick 
prisms.—CuA' 2 : plates, giving a violet solution. 
—AgA': needles, sol. water.—HA'HCl 2aq.— 
HA'HCl. 

Nitrile. —CMe 2 NR,.CN. The product of 
- the action of alcoholic NH 3 on acetone-cyan- 
; hydrin (vid. sup.). 

'*• AMIDO-CAMPHOR u. Camphor. 

AMIDO-CAMPHORIC ACID v. Camphoric acid. 

AMID0-CAPR0IC ACID v. Leucine, and 
•; Amid6-uexoic acid. 

AMIDO-CAPRYL- BENZENE v. Amido- 

PHENYL-OOTANE. 

AMIDO-CAPRYLIC ACID v . Amido-octoic acid. 

AMIDO-CAHBOSTYRIL C 9 H 8 N.,0 i.e. 

C “ H ‘<N(NR,)> C0 - t 127 °^ Anhydride of 

hydrazido-cinnamicacid; Oxy-amido-quinolinc; 
Amido-pscudo-carbostyril. Prepared by convert¬ 
ing diazo-cinnamio acid by Na 2 S0 3 into 
S0 3 Na.N 2 .C H H 4 .CH:CH.C0.,H, then reducing this 
‘.substance by acetic acid and zino dust to 
S0 3 Na.NII.NH.C,H 4 .CH:CII.C0JI, boiling this 
with HC1 and then adding KOH (Fischer a. 
Kuzel, A. 221, 278). 

Properties.- Slender needles; may be sub¬ 
limed; sol. alcohol, ether, and hot water. It 
forms salts with acids. 

Reactions.— 1. Does not reduce alkaline 
copper or silver solutions.—2. Nitrous acid con¬ 
verts it, even in the cold, into carbostyril. 

7 -Amido-carbostyril. From carbostyril by 
nitration and reduction (Friedliinder a. Lazarus, 
A. 229, 240). Yellow plates (from glacial IIOAc). 
Does not melt below 320°. 

Methyl derivative CgH^NfNIL^OMe). 
(103°], amido-(Py.3)-mcthoxy-quinoliiw. Formed 
from the nitro-compound by SnCL (Feer a. 
Koenigs, B. 18, 2397).—Silvery plates; v. sol. 
alcohol and ether; m. sol. warm water. Its 
ethereal solution has a bluish fluorescence. 
KMn0 4 oxidises it to methoxy-quinolinic acid 
[140°]. Dilute HC1 at 120° forms (y)-amido 
carbostyril. # # 

See also Oxy-amido-quinoline. 

AMIDO-CHROMATE OF POTASSIUM v. 
AtnidO’Chromati8*rmdei Chromium, acids or. 

Vo*. L 


AMID0-0HBYSA5ISI0 ACID v. Nitbo-d*. 

AMIDO-BENZOIO ACID. 

AMIDO-CINNAMIC ACIDS C.HjNO*. 
a-Amido-oinnamio aeid 

C a H s .CH:C(NH 2 ).C0 2 H. Obtained by saponifying, 
its benzoyl derivative.-* Silvery plates, decom¬ 
posing at 240°-250° (P/Schl, B. 17,1619). 

Salts.—CuA' 2 2a^. small blue prismB.— 
(HA') 2 HC1: flat nyir* :$• sol* cold water and 
alcohol. A- * 

Benzoyl derivative 

C b H s .CH:C(NII13z).CO.J 4 [131°]. Formed by heat¬ 
ing an acetic acid solution of benzoyl-di-amido- 
C 8 H 5 .CH.CH(NHBz). 
hydrocmnamio lactam ^ 

Needles or prisms; sol. alcohol, ether, and hot 
water. 

o-Amido-cinnamic acid 
NH 2 .C u II 4 .CH:CH.C0 2 H [1:2]. [159°]. 

Preparation. ~From o-nitro-cinnamic acid 
(150 g.), crystallised baryta (2100 g.), water (30 
litres), and ferrous sulphate (1400 g.), by heating 
two hours at 100° (Fischer a. Kuzel, A. 221, 
266; Tiemann a. Opcrmann, B. 13, 2061). 
Ammonia may be used in place of baryta 
(Gabriel, B. 15, 2294; Friedliinder, A. 229,241). 

Properties .—Yellow needles; sol. alcohol, 
ether, and hot water, si. sol. cold water. Dis¬ 
solves in aqueous alkalis and acids. 

Salts. — HA'IICl; prisms.—BaA' 2 ; prisms. 
Ether.— EtA' [78°J. May be distilled. Yel¬ 
low needles, with yellowish-green fluoresocnoe. 
Its hydrochloride is sparingly soluble in excess 
of cone. HC1; its acetyl derivative, [137°]* 
forms white needles, which may be distilled 
(Friedliinder a. Weinberg, B. 15,1422). 

Ethyl derivative 

CJI 4 (NHEt).CU:CH.CO.,H. From the acid (GOg.L 
KOH (96 c.c. of 20p.c. solution), alcohol (240 g.)> 
and EtI (00g.), by boiling (F. a. K.). 

Reactions. —1. Long boiling with IIClAq 
forms carbostyril.—2. ZnSO,Aq gives a crystal¬ 
line pp.—3. AgNO h Aq gives a white pp.—4. 
CuS0 4 Aq gives a light green pp.—5. Pb(OAc) 2 Aq 
gives a yellow pp. 

w-Amido-cinnamic acid 

CJ1 4 (NH.,).CH:CH.C0 2 H [1:3]. [181°]. The 
preparation is similar to that of the o-eompound. 

Properties.—Long yellow needles; sol. alco¬ 
hol, ether, and hot water. Dissolves in aqueous 
acids and alkalis. 

Reactions. —1. CuS0 4 Aq gives a dull green 
pp.—2, 3, same as above.—4. Pb(OAc) 2 Aq gives 
a white pp. sol. hot water (T. a. O.). 

Salts.—HA'HCl: plates.- (11 A'HCl) 2 FtCl 4 . 
—HATIN0 3 : slender needles.—BaA' 2 2aq: plates. 
2 J-Amido-cinnamic acid 

C„H < (NH. ; ).CH:CH.0O j H[ 1:4]. [176’]. Prepared 
by reducing p-nitro-cinnamic ether in alcoholic 
solution with tin and HC1; yield: 75 p.o. 
(Miller a. Kiukelin, B. 18, 3234). Slender yel¬ 
low needles, sol. water, alcohol, and ether, dis¬ 
solves in aqueous alkalis and acids. 

Rcactiotis.—l. CuSO,Aq a brown pp.—2,8, 
and 4, the same as for the m-compound. 

Salts.—HA'HCl.—(HA'HCl) s PtCl,. 

Acetyl derivative [260°]. Long netdles, 
sol. hot alcohol, si. sol. water, v. b1. sol. ether and 
benzene (Gabriel a. Herzberg, B. 16, 2041). 

V 
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AMHKKIINNAJUO 


Di-amido-einnamio «14 

Gja,(NH,),.OH:CH.OO,H. [168^. Formed by 

teduoing (8:4:l)-nitro-amido-cinnaimc acid 
(Gabriel a. Herzberg, B. 10, 2042). Fellow 
needles, sol. hot alcohol, and water, insol. ether, 
benzene, and benzoline. 

AMIDO-COMENIC A-'TD v. Costume tern. 
AMIDO-COTJMAEIN t H,NO.,. L l<»°-170 s ]. 
From nitro-coumarin to. vtf— Needles, v. si. sol. 
■cold water, v. sol. hot wKir?T?' ei t.S—(B'HClJ.l’tCl, 
(Frapolli a. Chiozza, A. 95, 253)1 

AMIDO-CHESOL C,H„NO. Mol. w. 112. 
Ten amido-cresols are indicated by thoory: 
lour derived from ortho-, four from mrta-, and 
two from para-crcsol . The amido-cresols are 
readily soluble in alcohol and in ether, sparingly 
so in water. They dissolve in acids and in 
alkalis. They are formed by reducing nitro- 
eresols, or from nitro-toluidines by the diazo 
reaction. 

Amido-o-cresols C,H,Me(OII)(NH,) [1:2:3-]. 
Amido-n-cresol * = 3. From nitro-o-cresol 
[89°] (Hofmann a. Miller, B. 14, 570; Zincke a. 
Hebebrand, A. 220, 72). 

Reaction.— 1. When heated with qninone, it 
forms a red crystalline Rasp, C.,H . (i N,0„ [235°], 
V. si. sol. alcohol, sol. acids; its acetyl derivative, 
Cj,H !1 Ae.N 1 0„ forms orange needles (from dry 
HOAc).—2. Heated with formic acid it forms a 

methenyl compound: C a H a Mc<^Q^,CH, [i50°J, 

( 200 ’). 

Methyl ether C d H,Mo(OMe)(NR.). (223°). 
Amido-o-cresel x = 4. [161°]. From nitro-o- 
cresol [108°] (Nolting a. Collin, B. 17, 270). 
Also from acetyl-tolylone-di-amine, 
<3,H,Me(NHj)(NHAc) [1:2:4) (Wallach, B. 15, 
2881). Colourless plates or noodles. Salt.— 
B'HCl: glittering plates, which sublime as noodles. 
Acetyl derivatives 

C,H,Me(6H)(NIIAc). [225°]; sol. KOIIAq.- 
C,H,Me(OAc)(NAcH). [133°] (Maasseu, B. 
17, 608 ; Wallach, A. 235, 250). 

Amido-o-oresol x = 5. [175°). 

Formation. — 1. From nitro-o-cresol (85°) 
(Hirsch, B. 18,1514).- 2. From nitroso-o-crosol. 
8. From sulpho-benzone-azo-o-cresol by re¬ 
ducing with Sn and IIC1 (Niiltiug a. Kohn, B. 
17, 865).—White plates or needles; may bn sub¬ 
limed.—CrO, gives toluquinone. Halt .—B'HCl. 

Amido-o-cresol * = 6. [121°-128°). From 

nitro-cresol [143°). Stellate groups of needles 
(TJllmann, B. 17,1962). Salt.-B'HCl. 

Undetermined derivatives of amido-o-cresols. 
Methyl ether C 5 H,Me(OMe)(NH,) [1:2:5?]. 
[S3°] (Hofmann a. Miller, II. 14, 571). 

Ethyl ether C d R,Me(OUt)(NH 2 ) [1:2:*]. 
From ethyl nitro-o-crcsol [71°] (Staedel a. 
Kayser, A.'fal, 217; B. 15, 1134). Salts.- 
B'HCl U aq. - B',H,HO—ii'J 1,1’tCI s . Acetyl 
derivative C,H,Me(OEt)(NHAc). [108°]. Tri- 
metric plates (from water); tables (from ether) j 
roubes (from benzene). 

(Unido-tn-cresols C d H,Me(OH)(NH. 2 ) [1:3:*]. 
Amido-m-cresol i=(i. [151°]. From sulpho- 
Ibenzene-azo-m-cresol by reduction (Nolting a. 
Kohn, B. 17, 367). White warts. On oxidation 
■rith CrO, it gives toluquinone. 

ifndetcrminedderivativeofanamido-m-cresol. 
Ethyl ether C,H,Me(OEt)(NH,) [1:3:*]. 
An oil formed by reducing ethyl-nitro-m-oresol 


[W 9 ] (Staedel, A. 217,219). Salt.-BWLO, 
Acetyl derivative. [114°]. Mass of needles 
(from water). 

Amido-p.creiol« 0,H,Me(OH)(NH,) [1:4:*]. 
Amido-p-oresol * = 2. [144°]. 

Formation. — 1. From nitro-p-oresol [78 s ] 
(Knecht, A. 215, 91).—2. From nitro-toluidine 
C,[I,Me.(NH,)(NOJ [1:4:2] (Wallach, B. 15,2833). 
Properties. —Colourless plates by sublimation. 
Acetyl derivatives 

CJI,Me(OH)(NHAc) [178°); sol. KOHAq.— 
C„n ,Me(OAc)(NHAc) [129°] (Maassen, B. 17,608). 

Methyl ether C„R,Mc(OMc)(NH,). [47 s ]. 
From tho nitro-compound (K.); needles, volatile 
with steam. 

Amido-p-cresol * = 3. [135°]. 

Formation. — 1. From nitro-p-crcsol [33 s ] 
(Wagner, B. 7,1270; Hofmann a. Miller, B. 14, 
572). —2. By reducing benzene-azo-p-cresol or 
suipho-benzcne-azo-p-cresol (Nolting a. Kohn, 
B. 17, 360). 

Properties. —White plates or needles; gives 
a red colour with Fe.Cl,. Salt.—B'HCl. 

Reactions. —1. Gives a methenyl derivative 
when heated with formic acid (II. a. M.).—2. Gives, 
when heated with Ac-0 and NuOAc, an othonyl 
derivative which is converted by boiling dilute 
H,SO, into an acetyl derivative. 

Acetyl derivative [160°]. Long noedlos. 
Methyl ether 0„IT,Me(OMe)(NH.) [38°]. 
Ethyl ether C d II,Mc(OEt)(NII.,). [41°]. 
From tho nitro-compouml (Staedel a. Kayser, 

B. 15, 1134). Needles (from water) or plates 
(from other solvents). Salts.—B'IICll)aq.— 
B'.dLSO,2aq. Acetyl derivative [107°]. 

" Di-amido-u-cresol. 

Ethyl ether C„H,Me(OF,t)(NH,).. [1:4:3:?]. 
From the nitro compound (SJuedel a. Kayser, 
A. 217, 221). Pleasant-smelling oil—B'HCl: 
silky needles. 

Di-amido-cresol C,H 2 Me(0n)(NH.,), [1:*:2:4]. 
From amido-toluene-azo-amido-cresol (Graclf, 
A. 229, 349); decomposes when liberated from 
its salts. - B"iI,SO,aq; slender grey needles 
(from alcohol-other). 

AMID0-CRESYL- v. Asnno-Tot,Yi,-. 
AMIDO-CROTONIC ETHEE. A name applied 
to tho imide of aeeto-acctio ether (u. p. 19). 
AMIDO-CUM ENE v. Comidink. 
Di-amido-cumene C 0 H, ( N, i.e. Pr.C d H ; ,(NH,),, 
[47 s ]. From the mtro-compound (Hofmann, J. 
1862, 354). 

Di - amido - pseudo - cumene C d HMc 2 (NH,), 
[1;3:4;5;6]. [92 s ]. Formation. -1. By reducing 
nitro-psendo-cumidine [47 s ] (Hdlcr, B. 18, 630). 
2. By reducing amido-azo-cumcnc (Nolting a. 
Baumann, B. 18, 1147). Properties.— Needles 
or plates; gives with Fe,Cl„ a brownish-red 
colour and a quinone-like smell; also gives 
Ladenbusg’s aldehydine reaction. 

AMIDO-+-C0MENOX. C„H„NO ».«. 
C„HMe,(OH)(NH,) [1:3:4:6:2] [167 s ]. Amido- 
pseudo-cumenol; Oxy-cumidinc. Obtained by 
reduoing benzcno-azo-i|[-cumenol (Liebermann a. 
Kostanecki, B. 17, 886); or nitro-^-eumenyl 
nitrate (Auwers, B. 17, 2980). White needles 
(by sublimation); sol. KOHAq. lJe, 2 Cl,, gives a 
red colouration. Di-acetyl derivative 

C, HMe,(OAc)(NHAo), [186 s ] : needles. 

AMIDO-CuHINIC ACID C„H„NO, 
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w-Amldo-cumfnio acid 

Pr.C,H,(NH,)C0 2 H [1:2:4]. [129°]. Amido-ieo- 
propyl-benzoic acid. Prepared by reducing m- 
nitro-ouminio acid [158°] [Paterno a. Fileti, G. 
6, 383; Lippmann a. Lange, B. 13, lOGlj.— 
Tables; some of it occasionally crystallises 
from water in thin plates [104°] (Fileti, G. 10, 
12). Fe.Cl„ give a violet-blue colouratL. w : th 
the hydrochlorido. EtI at 100° gives a syrv.py 
ethyl-amido-cuminic acid. 

Salts.—AgA': white pp.—ZnA' 2 3aq: needles. 
HA'HCl.-(HA'HCl) ; PtCl r -(HA') 2 H.,SO,. 

Acetyl derivative. [248°-250°J. Slender 
needles, si. sol. boiling alcohol, saponified by 
water at 230°. 

Ethyl ether EtA'. Heavy oil. 

Nitrile l’r.C, i H,(NH 2 ).CN. [45°]. (305°). 
Fromnitro-cummo-nitrile.—Needles (from water) 
(Czumpnlik, B. 2, 183). Salt.—(B'HCI) 2 PtCl t . 
o-Amido-cuminic acid 

Pr.C e H. J (NH.).CO..H. [1:3:4]. [115°]. Prepared 
by reducing o-nitro-cuminic acid with FcSO, 
and NH a (Widman, B. 19,270). —Plates or tables. 

Acetyl derivative C|„II l2 AcNO ; . [240°]. 
Slender needles, si. sol. alcohol, and ether; may 
be sublimed (Widman, B. 10, 2579). 

Di-amido-cuminic acid 0 lt H„N,(L i.e. 
Fr.C.lLfNII.) XO J h [192' J ], Formed by re¬ 
ducing di-nitro-eimiiuic acid (Boullet, C. It. 43, 
399; Lippmann, B. 15,2111). — Yellowish plates, 
sol. hot water, alcohol, ether, alkalis and acids. 
Crystallises from water with aq. 

Salts.—AgA'aq. — IIA'HCl aq: large prisms. 
AMIDO-CUMYL-ACKYIiIC ACIDS C. JI^NO, 

I. Pr.C„H,(NH..).ClI:CH.COH [1:3:4], [105°]. 

From the nitro-acid, FeSO„ and Nil, (Widman, 
B. 19, 202).—Flat yellow prisms (from alcohol). 
Salt.—IIA'TTCl’aq : very slender needles, v. si. 
sol. water; converted by boiling water into cumo- 
styril or (B. 3)-iso-propyl-(Py. 3)-oxy-quinoline 
[109°]. Acetyl derivative 
FrC,H,(NHAc).ClI:CII.CO ! H, [220°]: very thin 
needles (from alcohol). 

II. PrC a H,(NIL).CH:CH.CCUI [1:2:4], [105°]. 

From the nitro-acid (Widman, B. 19, 415). Six- 
sided tables (from ether). Warm ILSO, gives a 
magenta colour. Salts.—HA'IICl: flat needles. 
—(HA'HCl),PtCl,2aq.—(HA'),.H,S(),5aq. A ce¬ 
tyl derivatives C 12 H, ( AoN 6 2 , [240°]: needles 
(from alcohol).—C,.,H„Ac 2 N0 2 . [230°]. 

AMID0-4-CUMYLE JiE-ACETAMIDINE 

0„H ls N, i.e. C a Mc 2 (NIL)<^ H ^CMc[l:3:4:2:5]. 

Ethcnyl - tri - amido - Iri - methyl - benzene. 
[215°-218°]. From acetyl-di-nitro-psotido-cumi- 
dine by reduction with Sn and HC1 (Auwers, B. 

18, 2003). — Jtosettes of plates or yellowish 
prisms (from water) containing 2aq. 

Salts. — B"2HC1 aq. — B"HC1 2aq. — 
B"H 2 PtCl a aq. 

AMID0-CUim.PHENYLKET0irEv.PnE5m, 

UHDO-OTTMVL KETONE, 

m-AMIDO-CUMYL-PROPIONIC ACID 

0, 2 H„NO 2 i.e. PrC a H J (NH 2 ).CH 2 .CH 2 .C0 2 H [1:3], 
[103°-105°]. From m-amido-oumyl-aeryljc acid, 
NaOIIAq, and sodium-amalgam (Widman, B. 

19, 418). Acetyl derivative 0„H la AcNO p 
[168°]; prisms '(from alcohol). 


AHIDO-DI-CYASIO ACID C.,H t N,0 U 
NHj.CO.NH.CN or HN:C<^>CO. Alto- 

phano-nitrile; carbonyl guanidine; carbimido • 
cyanamidc. 

Formation.—i Fromdi-cyano-di-amide and 
baryta-water.—2. FrrV potassic cyanate and 
cold aqueouscyanami’a (Ilallwachs, A. 153,239; 
Wundcrhcb, \ 19.: .48). 

Propurtlvs'. — r-jaios. ' It decomposes car¬ 
bonates and b( uaves as a strong acid. Produces 
biuret when warmed with II.S0 4 (1 vol.) and 
water (2 vols.) at 70° (Baumann, B. 8, 708). 

Salts.- NaC JPN 3 0. - KA'. — BaA' 3aq.- - 
CuA'., 4aq.—CuC.UN.,0 2aq.—AgA'. 

AMIDO-CYANURIC ACID v. Ammelidb. 
Di-amido-cyanuric acid v. Ammkline. 
AMIDO-CYMENE v. Cymidine. 
Diamido-cymeno C.TI,MePr(NH.),[l;4:3:6j. 
Hydrochloride. Formed by reducing the 
di-oxim of thymoquinonc (Liebermann a. Ilinski. 
B. 18, 3200). 

AMIDO-DRACYLIC ACID =jp-Amido-benzoio 
acid. 

DI-AMIDO-DURYLIC ACID v. Di-amido-tri- 

METHYL-BENZOIO ACID. 

AMIDO-ETHANE v. Ethylamtne. 
Di-amido-ethane v. Ethylene di amine. 

A MIDO-DI-ETHYL-ACETIC ACID v. Amido- 
hexoic ACID. 

AMIDO - ETHYL ALCOHOL v. Oxyktuyl- 

AMINE. 

AMIDO-ETHYL-BENZENE v. Amido-phenyl- 

ETHANE. 

AMID0-ETHYL METHYL KETONE v 

Methyl amido-ethyl ketone. 

DI-AMIDO-DI-ETHYL OXIDE *C i.e. 

(CH 3 .C(NH,)II),0. 

Di-amido-ether . The very unstable hydro¬ 
chloride (B'21IC1) of this body is formed by 
passing NH S into an ethereal solution of 
(CIL,.CHC1).,0 (Hanriot, A. Ch. [51 25, 224). 

DI AMIDO-DI-ETHYL-DIPHENYL C lfi H. )0 N. 
i.e. [4:3:1] NH 2 .C (i H s Et.C ll Tl :i Et.NTT, [1:3:4]'(?). 
Formed by the action of SnCl 2 and lid or H ii S0 4 
on an alcoholic solution of o-azo-ethyl-bonzene. 
—B"II,S0 4 : needles,si. sol. water, m. sol. alcohol. 

Acetyl derivative C l(i II l( .(NHAc) r [307°]. 
White needles (by sublimation), si. sol.’alcohol, 
sol. HOAc. 

An isomeric di-amido-di-ethyl-diphenyl is 
formed similarly from jp-azo-etliyl-benzeno. Its 
sulphate is a white amorphous powder (G. 
Schultz, B. 17, 474). 

AMIDO-ETHYL-TOLUENE v. Amido-Tolyl- 

ETHANE. 

AMIDO-ETHYL-TOLUIDINE v. Ethyl-toly- 

LENE DIAMINE. m 

AMIDO-ETHYL-m-URAMIDO-BENZOICACID 

C 10 H 13 N s O, i.e. NH,.C,H,.NH.CO.NH.C 0 H 4 .CO,H. 
Formed by the action of ethylene diamine upon 
cyano-carboxamido-benzoic acid (t>. Amido ben- 
zoic acid). White prisms, si. sol. cold water*. 
Salt. - HA'HC12, l ,aq (Griess, B. 18, 2416). • 
AMIDO-FLAVbLINE v. Flavaniline. 
AMID0-FLU0RENE v. Fluorkne. 
AMIDO-FORMIC ACID v. Cabbamic acid, 
AMIDO-FURFUR-BUTYLENE OXIDE 

. GMfij. * 

C,H u NOj i«. 0,H,0.C(NH 2 )<' | 

u 2 



!«4 AMIDO-FURFUR-BUTYLENE OXIDB. 


(215°-220°). Obtained by reducing OjH.AO,, the 
product of addition of N a O, to furfur-butylene. 

Properties. —Colourless liquid, volatile with 
■team, sol. water. 

Salts.—B'HClaq: crystals, v. sol. water.— 
B'jHjPtCl,: sol. hot. water. 

Acetyl derivative C„H,O a .NHAo [163°]; 
(805°-310°): needles, v. VI. HClAq. 

Anhydride (300°~310°). 

V.D. 4-77. Formed IrOtn aftl.rt^i-furfur-butyleno 
oxide on distilling, or even on keying. It forms 
large colourless crystals, and is volatile with 
steam. It is a tertiary base (Tonnies a. Staub, 
B. 17 , 854). 

AMIDOGEN. The group NH 2 ; v. Amides, 
Abido-acids, and Amines. 

AMIBO-GHJTARIC ACID V. Glutamic Acid. 

AMIDO-OLYCOLLIC ACID v. Oxy-amido- 

ACETIC-ACID. 

AMIDO-HEMIPIC ACID v. IIemipic acid. 

AMIDO-HEPTOIC ACID C,H, 4 NO., i.e. 
C 5 H„.CH(KH,).C0 2 H. a-Amido-ananthic acid. 
From bromo-lieptoic acid and alcoholic NHL, at 
100° (Ilelms, B. 8, 1168). Six-sided tables or 
plates, v. si. sol. cold water, insol. alcohol. 

Salts.—CuA'. 2 : insoluble powder.—HA'HCl: 
prisms, v. sol. water or alcohol. 

AMIDO-HEXOIC ACID C 6 H„N0 2 . 

a-Amido-n-heioic acid t>. Leucine. 

Amido-di-ethyl-acetic acid CEt.,(NIL).COJI. 

Preparation. —Di-ethyl ketone cyanhydrin, 
CEt„(OH).CN, obtained by the action of dilute 
HCN on di-ethyl ketone, is heated with alcoholic 
NH„ and the product is saponified by HC1. 

Properties. —Thick tables or prisms (from 
water), v. sol. water, m. sol. alcohol, insol. ether; 
may be sublimed. 

Salts. AgA': white plates.— CuA 1 , : violet 
plates.—HA'HCl: thick white prisms (Tienmnn 
a. Friedliinder, B. 14, 1975). 

o-Amido-iso-butyl-acetic acid 
Fr.CH.,.CH(NH 2 ).CO..H. S. -85 at 12’. From 
iso-valeric aldehyde-ammonia, HCN ar.'l HClAq 
(Limpricht, A. 94, 243; lliifner, J.pr. [2] 1, 10). 

Properties.— Resembles leucine, but is opti¬ 
cally inactive (Manthner, H. 7, 223). 

AMIDO HEXYL ALCOHOL v. di-Acetone- 

ALCAMINE. 

AMIDO-HIPPURIC ACID C 9 H, a N 2 0 3 i.e. 
C # H,(NHj).CO.NH.CH,CO.,H. 

m-Amido-benzoyl-glycocoU. [194°] (Conrad, 
J.pr. [2] 15, 258). S. -3 at 20°; S. (alcohol) 
•08 at 15°. From m-nitro-hippurie acid, ammo¬ 
nium sulphide and H 2 S (Schwanert, A. 112, 70). 

ProiKrtics. —Plates or needles. Soluble in 
alkalis and in acids. Salt.—B'HCl. 

Beactions.— 1. Boiling IIC1 forms m-amido- 
benzoic avid and glycocoll.—2. Urea forms 
uramido-hippuric ac, ; d CijIInN.,0, and a 
small quantity of carboxamido-hippuric 
acidC„H,,N,0, (Gricss, J.pr. [2] 1,135). 

DI-AMIDO-HYDRO-ACBIDINE KETONE, so 
called, C„H„N,0. [223°]. Formed by reducing 
the o-carboxylic acid of di-nitro-di-phenyl-amine 
with Sn and HC1. Flat needles or thick prisms, 
v. sol. hot alcohol, v. si. sol. ether, benzene, cold 
water, and light petroleum. Fe 2 Cl, gives a deep 
yelbiw colour, passing into greenish-black; 
KjCr-O, gives a red pp. 

S a 11.—B'HCl: thin colourless needles, si. sol. 
eold water. 


Chloro^trivative O,,11,^0117,0. [o. 
Formed by reduoing ohloro-di-nitro-di-phenyl. 
amine o-oarboxylio acid. Colourless crystals, 
sol. hot water, v. si. sol. cold water, ether, and 
benzene (Jourdan, B. 18,1450). 

AHIDO-HYDBATBOPIC ACID «. Amido- 
rnENYD-rnopioNio acid. 


,, DI-AMIDO-HYDBAZO-BENZENE 




Hydrazines. 

AMIDO-HYDRO-CABBOSTYBIL 

Oxy-amido-di-hydro-quinoline. 

(B. 3)-amido-hydro-oarbostyril 
yCH. 2 .CHj[- g-, 

C b H 3 (NH 2 )<( I [3: gj 
\nh.co l 6J 

Di amido-phenyl-propionic anhydride. Di- 
amido-hydro-cinnamic anhydride. [211°]. Pre¬ 
pared by reducing di-nitro-phenyl-propionic acid 
with tin and HC1. • It forms colourless needles 
or prisms, v. sol. hot water, alcohol, and HOAc, 
insol. CS 2 . 

Salts.—B'HCl:needles.—B' 2 HJ’tCl,: yellow 
leaflets. Bromine forms a mono-bromo-deriva- 
tive, [210°) and a di-bromo-derivative, [179°], 
both crystallising in needles (Gabriel a. Zimmer- 
mann, B. 12, 601). 

(Py. 4)-Amido-hydro-carbostyril 
,CI i, — CHj 

| . [143°]. 

\N(NH.,).CO 

From C 0 H 4 (NH.NH.SO 3 Na)CH 2 .CH 2 .CO 2 H (v. 
Hydrazido-phenyl-propionic acid) by addition 
of IIC1 (Fischer a. Kuzel,-<4. 221, 282). Crystal¬ 
lised from water. Sol. water, v. si. sol. alcohol. 
Does not reduce boiling Fehling’s solution, but 
reduces hot Ag 2 0. Salt. -C 0 H„,N 2 OHC1. 

Beactions. —1. An acid solution is converted 
by NaNCX. into hydro-carbostyril.—2. With fitl 
and alcohol at 100° it gives ah ethyl derivative 

C » H *<S(NHEt)^0> ^ This ^ves a 

nitrosamme with NaNO., and HCI. 

AMIDO-HYDRO-CINNAMIC ACID v. Amtoo- 
piiENVL-rnopioNio Acm. 

DI - AMIDO- DI - HYDBO -TERE - PHTHALIC 
ACID NH 2 .C.CII(CO,TI).CH 

|| || (?) Di-imido-hexa- 

H.C.CH(C0 2 II).C.NH 2 

hydro-terephthalic acid or succiyio-succinic-acid- 
di-imidc. 

Ethyl ether A"Et„ [181°]. Obtained by 
fusing di-oxy-di-hydro-terephthalic ether (sue- 
cino-succinic ether) with ammonium acetate. 
Yellow needles; 3 I. sol. alcohol and ether with a 
green fluorescence, v. sol. chloroform. By 
treatment with bromine in H,SO, solution it is 
convortod into di-amido-tcrcphthalic ether. The 
hydrochloride and sulphate are colourless 
sparingly soluble salts (Baeyer, B. 19, 429). 

AMIDO-TETBA-HYDRO-aUINOLINE 
c .OIL — CH 2 

C # II, 2 N 2 i.e. C t H,< I 

\N(NH.,).CH 2 . 

[56°]. (c. 255°). Prepared by reduoing the nitros- 
amine of tctra-hydro-quinoline with zino dust 
and HOAc. White crystals. 

Salts.—B' 2 H 2 SO, 2aq; yellow plates, si. sol. 
oold water.—The hydrochloride is -y. sol. water. 

Beactions. —Reduces Balts of Au and Pt, and 
Fehling’s solution. Ppd. HgO forms an azo¬ 
quinoline (Hoffmann a. Konigs, B. 16,780). 
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AWDO HYDBO-QUDfOHB OHyNO, U 
NH,.OA(OH) a . 

Di-methyl derivative NH s .O s H,(OMe) 2 . 
[82®]. (270°). Formed by reducing the di¬ 
methyl-derivative of nitro-hydroquinone. Pearly 
plates, sol. hot water, alcohol, benzene, light 
petroleum and CS 2 . Very readily oxidised. 

Reactions—1. CuS0 4 Aq gives a greerish- 
blaok colour.—Fe 2 Cl 8 pps. lustrous greet >sh 
plates, which form a red solution in wate .- 
AgN0 3 gives a silver mirror. Salts.— X B'LC1: 
white needles. — x B' 2 H 2 PtCl 8 : brown pp. 

Acetyl derivative.—C 8 H 3 (NHAc)(OMe) 2 . 
[91°]. Silvery scales; sol. water, alcohol, ben¬ 
zene, light petroleum and CS 2 (Magatti, B. 14, 
70; O. 1881, 352; Mulhausor, A. 207, 254; 
Baessler, B. 17, 2119). 

Ethyl derivative C h H 3 (NH 2 )(OEt)(OH). 
From the nitro-compound (Weselsky a. Benedikt, 
M. 2,370).- B'HCl. 

Di-amido-hydroquinone C 8 H 2 (OII) 2 (NII 2 ) 2 . 
Formed by reduction of di-nitro-hydroquinone 
or its di-acetyl derivative with tin and IICI. 
Owing to its easy oxidisability the base was not 
isolated in the free state. B"JI 2 C1 2 .—Colourless 
needles, v. e. sol. water, si. sol. cone. HC1. 

Di-acetyl derivative C„II 2 (OII) 2 (NHAc) 2 . 
[c. 240°]. Colourless needles. Is oxidised to 
di-acetyl-di-amido-quinone C 8 H 2 0 2 (NIIAc) 2 . 

Tetra-acetyl derivative C h H 2 (OAc).(NHAc) 2 . 
[216°]; colourless needles or plates ; v. sol. alco¬ 
hol and acetic acid, si. sol. water and ether. Dis¬ 
solves in diluto alkalis, the solution becomes 
oxidised on exposure to the air and deposits 
yellow needles of the above-mentioned di-acctyl- 
di-amido-quinone (Nietzki a. Preusser, B. 19, 
2247). 

Di-methyl-dcrivativeC,Tl.,(NII.;).,(0'hfe).,. The 
hydrochloride ofthis body is formed by reducing 
the corresponding nitro compound. It crystal¬ 
lises in needles, [1G9°J (Kariof, B. 13, 1G7G). 

Di-methyl-di-amido-hydroquinono (q. v.) is 
isomeric with this body. 

DI-AMIDO-DI-IMIDO-BENZENE 
C a H 2 (NH 2 ).,(NH) 2 [1:2:4:5], Small brown 

noedlcs. Formed by oxidation of solutions of 
salts of tetra-amido-benzeno with Fo 2 C1 8 , <Src. 

Salts.—B"H 2 C1 2 : glittering brown needles, 
sparingly soluble in water with a bluish-violet 
colour. — B"(HNO s ) 2 : small green needles 
(Nietzki a. Ilagenbach, B. 20, 335). 

AMIDO-IMIDO-METHANE v. Formamidine. 

AMID0-DI-IMID0-(a)-NAPHTH0L 

>NH 

C 10 H h N s O i.e. C I0 H 4 (NH 2 )(OH)<^^ (?). Pre- 

pared by tho reduction of tri-nitro-(a)-naphthol 
with tin and HC1. Brown scales, insol. water 
and ether. Salts. — B'HCl; lustrous green 
scales, si. sol. cold water.—B' 2 H 2 PtCL (Diehl a. 
Merz, B. 11, 1603). ‘ * 

AMIDO-DI-IMIDO-OECIN C 7 H 8 N 3 0 2 2aq i.e. 

/NH 

C,Me(NH 2 )(OH),^ | (?). Prepared by re- 

\nh 

ducing tri-nitro-orcin with sodium-amalgam 
(Stenhouso^d. 107,167). Lustrous green needles, 
v. si. sol. water, insol. alcohol, ether, and benzene. 
NaOHAq forms a deep blue solution. Reduced 
by further action of sodium-amalgam to tri- 


■ V — 

Di-amido-quinone-imS,e (Hepp, A. 215, 351). 
The hydrochloride,.'j'fiCl, separates as brown 


I amido-orcin. Salts.— B'HCl aq: brownish-red 
needles; sol. water but ppd. by HC1.— 

B^SO. 2aq: purple laminte. 

AMIDO-DI-IMIDO-PHENOL, so called. 

NH * 

C,H,N,0 i.e. C.H.pJHJ / ^ [2:«: . 

/,6 ,_ t , , __ 

brown 

needles with|-hen Fe 2 Cl 8 is added to 
a cone. aquc<5i,;*SsOiution of the hydroclilorido of 
tri-amido-phenol (Heintzel, Z. 1807, 342). It is 
decomposed by alkalis and by hot water; hot 
dilute HC1 changes it into colourless needles of 
the hydrochloride of oxy-amido-quinone-imide 
(or di-amido-quinone) C 6 H 8 N 2 0 2 HC1, while H 2 S0 4 
forms a corresponding sulphate crystallising in 
plates. 

AMIDO-IMIDO-DI-PHENYL SULPHIDE 

C,JI 10 N 2 S i.e. H N< Cc h’(NH ^ mido-thio • 

di-phenyl-imide ; Amido-sulphido-di-phenyl - 
imide. 

Formation. —1. By reduction of nitro-iinido- 
di-phenyl-sulphoxide, jj SO. — 

2. By heating p-amido-di-phcnyl-amine with 
sulphur (Bernthscn, B. 17, 2858; A. 230, 101). 
White satiny plates (from water); m. sol. hot 
water, v. sol. alcohol and ether. Turns grey in 
moist air. Fe 2 Cl„ converts it into the following 
body : 

Imido-imido-di-phenyl sulphide C 12 H 8 N 2 Si.e. 
N <CIl'> S - 

| y b s Small brown crystals, v. sol. alco- 
NH 

hoi, si. sol. water and ether. Its salts dye silk 
greyish-violet. It is easily reduced to the pre¬ 
ceding body. Salts.— B'HCl \ aq.— B' 2 H 2 ZnCl 4 : 
brown needles or prisms. 

Di-amido-imido-di-phenyl sulphide 

C, ; H n N 3 S i.e. Formed by 

reducing (a)-di-nitro-imido-di-phcnyl sulphoxide 
with tin and IICI, or Lauth’s violet with ammo¬ 
nium sulphide (Bernthsen, B. 17, 014). Yellow 
needles or plates; si. sol. water and ether. The 
sulphate is si. sol. water. 

Amido-imido-imido-di-phcnyl-sulphide 

C 12 n,N.S i.e. N<°»“ ; ( NH ')>S. 

NH^ 

Formation. —1. By treating a solution of p- 
plienylene diamine hydrochloride with H 2 S and 
Fe 2 Cl 8 successively (Lauth, C.R. 82,1441; Koch, 
B. 12, 592, 20G9).—2. By action of Fe 2 Cl 8 on the 
preceding body (B.). Its alcoholic 'Solution has a 
violet colour with reddish-brown fluorescence. 
Its solution in excess of HC1 is blue; in H 2 S0 4 , 
green changing to blue and then to violet. Long 
heating with Mel converts it into the methylo- . 
iodide of penta-mcthyl-di-amido-imido-di-phenyl 
sulphide identical with that formed in the same 
way from methylene blue. Salt.—B'HCl; green 
crystals, si. sol. cold water. 

An isomeride (Bemthsen's Violet) is formed 
by reducing (/3)-di - nitro - imido-di - phenyl sul- 
phoxide and then oxidising the leuco-base with 
Fe^Cl*. Its hydrochloride B'2IIC1, forma dark 


Lauth's Violet. 
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iMeilei, which dye reddish-violet H,SO, forms 
• Violet solution. 

AMIDO-DI-IMIDO HESOROIN O a H,N s Oj aq 

or 0,H(0H) 2 (NHj)^" | (?). Prom tri-amido- 

' NH 

resorcin hydrochloride vmd Pe a Cl # . Lustrous 
green needles, v. si. sol. ^itor, insol. alcohol or 
ether: KOHAq forms a U\e solution. Dilute 
HC1 at 170° forms tri-«i*^\5*!\one. 

Salt.—B'HCl: red necdies\.ppd. by HC1 
(Schreder, A. 158,250; Diehl a. Merz, B. 11, 
1229). 

AMIDO-INDIGO C 1(! H,,N 4 0 2 i.e ,. 
CjjHg^HJjNjOa. Prepared by reducing nifcro- 
indigo with acetio acid and powdered zino 
(Baeyer, B. 12,1317). Dark violet pp., v. si. sol. 
alcohol, ether and chloroform. Dorms blue 
solutions in dilute acids. 

AMIDO-ISATIN, so called, v. Isatinimide. 
AMIDO-LACTIC ACID v . Oxy-amido-pbopionic 
acid. 

AMIDO-MALEIC ACID 0 4 H.N0 ( i.e . 
C0 2 H.CH:C(NH,).C0,H. [182°J. j Easily soluble 
crystals. Prepared by saponification of the 
amides. -- A"Ag 2 : voluminous pp., explosive. 

Di-ethyl ether KtA". [100°]. Colour¬ 
less prisms. Sol. alcohol and ether, insol. water. 
Prepared by the action of alcoholic NH a (2 mols.) 
on chloro-maleic ether (1 mol.). 

Amido-male amic-ethyl ether 

C 2 H(NIL)<^^*^^-. [C2°J. Long white prisms. 

V. sol. alcohol and ether, insol. cold water. 
Prepared by the action of alcoholic NII 3 (3 mols.) 
on chloro-maleic ether (1 mol.). 

Diamide C 2 II(Nn i )<^;™h [122°]. 

Colourless plates. Sol. alcohol, ether, and hot 
water. Prepared by the action of an excess of 
strong alcoholic NH, on chloro-maleic ether 
(Claus a. Voeller, B. 11,150). 

AMID0-MAL0NIC ACID C,H s NO,i«. 
CH(NH.)(CO.,H).,. Obtained fromnitroso-rnalonic 
acid by reducing with sodium-amalgam (Baeyer, 

A. 131, 295). Prisms (from water) or needles 
(by ppg. with alcohol). When heated alone, or 
in aqueous solution, it splits up into CO, and 
glycoeoll. Iodine oxidises it, in aqueous solu¬ 
tion, forming mesoxalic acid. 

Salt.—Pb(C,II,NO|).,: crystalline pp. 

Amide CH(NH,)(CO.NH,.).„ (182°). Formed 
by heating chioro-malonic ether with alcoholic 
NH,. Prisms, sol. hot water (Conrad a. Guthzeit, 

B. 15, (107). 

AMID0-ME3IT0L C„H„NO i.e. 

C. HMe ; ,(NII,)(OH) [1:3:5:2:4]. A very oxidisable 
body formed by reduction of nitro-mesitol.— 
B'HCl: neelTIes (Knec)it, 13. 15,1376). 

AMIDO-ME8ITYLENE «."*1esidinb. 
Di-amido-meaitylene C^l, ,N, i.e. 
C,HMe,(NH.,)„. [90°]. From di- or tri-nitro- 

mesitylene with tin and HC1. Long slender 
needles (from water), or largo monoclinic crystals 
(from ether). Sublimes in needles. V. sol. 
alcohol or ether, m. sol. hot water. CrO, oxi¬ 
dises it to oxy-iso-xyloquinone, C„HMe,(OII)0,. 

Salts.—B"2HC1: square tables (from water), 
ppd. by HC1.—B'TLC.,0,: hard grains (from 
water). - B"n,SO,: broad lamime (from water). 
Di-acetyl derivative, [above 360’] j 


vial. «oL water or cold alcohol (Flttig, A. Ill, 
131; 180, 27; Ladenburg, A. 179, 176). 
AMID0-ME8ITYLENIC ACID C,H„NO r 
o-Amldo-mesitylenlo acid 

0„H 2 Me ! (NHJ.CO. i H [1:3:4:53. [187°] (Schmitz, 

A. 193, 171). [190°] (Jacobsen, B. 11, 2055). 
From the nitro acid with tin and HC1. Long 
noodles (from alcohol). Splits up when heated 
wit(j lime into CO, and (1, 3, 4)-xylidine. 

; -Amido-mesitylenic acid C s H.,Mo,(NHJCO,H 
[1:3,2:5], [235°]. From the nitro acid. Long 
needles (from aloohol). SI. sol. water, v. sol. 
hot alcohol. Gives (1, 3, 2)-xyiidine when 
heated with lime. 

Salt.—B'HCl: long needles (Fittiga. Briick* 
ner, .1. 147, 50 ; Jacobsen, B. 12, 608). 

AMIDO - METHENYL - AMIDO - PHENYL 

MERCAPTAN 0,H,N,S i.e. C„H,<^C.NH,. 

[120°]. Prepared by heating chloro-methenyl- 
amido-phenyl mercaptan with alcoholio NH, at 
160°. Nacreous lamina). Fusion with potash 
produces amido-phenyl mercaptan. 

Salt.—It is a weak base, and has a crys¬ 
talline platinochloride, B',n,PtCJ, (Hofmann, 

B. 12, 1129; 13,11). 

AMIDO-METHOXY COMPOUNDS v. Methyl 
derivatives of Oxv-amido compounds. 

AMIDO-DI-METHYL-ACETIC ACID v. Asudo- 

jSO-BUTYItlO ACID. 

DI - AMIDO - TETR A - METHYL - DI- AMIDO - 
DIPHENYL v. 'l'etra - Methyl - tetra - amido- 
mmiHNYL. And, in general, amido-uiethyl-amido 
com])oun<ls are described as methyl-(di)-amido 
compounds. 

AMIDO - DI - METHYL . ANILINE v. Di- 

METllYL-PHUNYLENE DIAMINE. 

AMIDO - METHYL - ANTHRACENE DI. 
HYDRIDE C, 1 H,,N i.e. C„II„Me.NH,. [79°]. 
Prepared by healing amido-methyl-anthraqui- 
none with HI and P at 150’. Glistening lamime, 
which begin to sublime at 130’ and are sol. 
alcohol, ether, chloroform, benzene, glacial 
acetic acid, and CS.„ but v. si. sot. water. 

lteaetions. —1. Nitrous acid gives a green 
colour, and on adding Nil.,, a rod pp.—2. 
Arsenic acid gives a brownish-red mass after 
fusion. Salt.—B'HCl (245°]: glistening needles. 

Acetyl derivative C, s n,,AcN. [198°]. 
White needles, sol. alcohol and ether (Roemer, 

B. 16,1631). 

AMIDO-METHYL-ANTHRANOL 

-.GOB 

C 15 H„NO i.e. C„H B Me(NH,)/ | . [183°]. 

X CIT 

Prepared by heating amido-methyl-anthraqui- 
nonc with III (S.G. 1-96) and P. Crystallises in 
nearly white needles, but sublimes in red needles. 
Sol. alcohol, other, benzene, and glacial acetia 
acid, v. si. sol. water. 

lteaetions. —1. H,SO t gives a yellow solu¬ 
tion, becoming purple-red on warming. — 2i 
HNO, gives a violet colour, turning rod.—3. Air 
reconverts it, in alkaline solution, into amidg- 
methyl-anthraquinone. 

Di-acetyl derivative C,,H n Ac.,NO.[170°], 
Thick white needles; its alcoholic solution ox- 
hibits blue fluorescence (Roemer a. Link, 16,703). 
AMIDO-METHYL-ANTHRAQUIN'ONE 

C, s H ll NO i i.e.C M HA(CH a )(NH ! ). [202°]. Pre¬ 
pared by reduction of nitro-methyl-anthraqui- 
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aaiw. Long dark rod needles, V. $ol. aloohoi, 
other, benzene, aoetio acid, and ohloroform, v. 
al. sol. water. 

Acetyl derivative C, 4 H d 0 2 (CH 3 )NHAc. 
[177°]. Small light-red needles, sol. alcohol and 
glacial acetic acid (Romer a. Link, B. 16, 698). 

AMIDO-METHYL BENZENE v. Toluidine 
and Benzylamjne. 

Amido-di-methyl-bu<ene v. Xyudine. 
Amido-tri-irethyl-benzene *\ Mesidinb nd 

^•CUMIDINE. 

Amido-tetra-methyl-benzene v. Duridink. 
Amido - penta - methyl - benzene v. Pcnta- 
MKTHYL-PIIENYL-AMINE. 

DI - AMIDO - TETRA - METHYL - BENZIDINE 

v. 2 T eim-METiiYij-^m-AMn)o-/7i-i'jiKNYL. 

AMIDO-METHYL BENZOIC ACID v. Amido- 
IOLDIO ACID. 

Amido - di - methyl. benzoio acid v. Amido- 

MEHITYLKNIC ACID. 

Di-araido-tri-mothyl-benzoic acid C I0 H, l N.,O. { 
i.e. C d Me 3 (NHJX(XH [6:1:3:5:2:1]. Di-amido - 
durylic acid. [221°]. Formed by reducing the 
di-nitro compound with zinc dust and diluto 
HOAc. Colourless silky needles, sol. hot water 
and hot alcohol, v. si. sol. ether. Fe 2 CI 6 oxidises 
it to pseudo-cumo-quinono carboxylic acid (Nef, 
B. 18, 341)6; A. 237, 1). 

Acetyl-derivative [275°]. 
AMID0-TRI-METHYL-BUTYL-LACT1CACID 
V. OxY-AMIDO-IIEPTOlC ACID. 

7a-AMID0-a-METHYL-CINNAMIC ALDE¬ 
HYDE C.^NO i.e. CJI^NII.J.CILCMe.CHO 
[CO 0 ]. Got by reducing the nitro compound with 
FoSO,, and Nil.,. Yellowish crystals; dissolves 
in aqueous acids, and reducesammoniacal AgN0 3 . 
Phenyl hydrazide 

C a H 4 (NIL).C ELCMe.CII:N 2 HPh; [157°]; needles. 
Acetyl derivative 

C a H 4 (NHAc).CII:CMe.CIIO ; [120°]: short thick 
prisms (Miller a. Kinkerlin, 13. 10, 1218). 

AMIDO - (B. 2-Py.2) - DI-METHYL - (Py. 8). 
ETHYL-QUINOLINE C 13 H 1(i N 2 i.c. 
C 9 H 3 N(NIL 2 )MO;,Kt. [140°J. Plates, monoclinic 
tables, prisms or flat needles. Formed by reduc¬ 
tion of the nitro-derivative with SnCl 2 . Salt s.— 
B'TICi; very soluble colourless crystals. The 
nitrate and sulphate are also easily soluble in 
wator (Harz, B. 18, 3302). 

AMIDO - (Py. 4)-METHYL-HYDRO-QUINO- 
LINE / OiL.CH, 

\NMe.C H, 2 

Amido-hairoline. Yellowish oxidisablo oil. 
Formed by reduction of nitro-kairoline [94°] 
with SnCl 2 . By nitrous acid it is converted 
into a compound C 10 H 13 N.,O, [144°] when dry, 
which crystallises with 5aq in splendid red 
needles, and dissolves in dilute acids with a 
deep red colour. 

Salts .—The acid tartrate formg sparingly 
soluble crystals. B"H.,Cl 3 PtCl 4 (Feer a. Koenigs, 
£.18, 2393). 

AMIDO DI-METHYL-HYDROQUINONE v . 
H-methyl-Amvo-nxmwQuixom. 

AMiDO-TRI-METHYL-PHENYL-ACETAMI. 
DINE v. Amido-^-cumylene-acktamidine. 

AMIDO-DI-METHYL-PHENYL-ACJSTIC AN¬ 
HYDRIDE; t>. Di-Mkthyl-oxindole. 

AMIDO-METHYL-PROPYL-BENZENE v. 
Cyiudine. 


jfB. 4)-AKID0-(Py. aV-METHYL-QUINOmra 

0, 0 H ltt N a i.e. CiH s (CH 3 )(NH 3 )N. o-Amido-quin- 
aldine. [56°]. Formed by reduction of (£. 4). 
nitro-(Py. 3)-methyl-quinolino. Long prisms. 
Y. sol. alcohol, ether, and hot ligroine, sparingly 
in water.—BTIC1: yellow needles (Doebner a. 
Miller, B. 17, 1701). 

(B. 1 or 3) - Amido - (Py. 3)-methyl- quinoline 
C, 0 H lu N..aq i.e. C a ll. (Cxd 3 )(NH.)N m-Amido-quin - 
aldine [i05°j wlien Formed by reduction of 
(B. X or3)-nitrot3)-methyl-quinoline. Colour¬ 
less crystals f p 1LO). V. sol. hot water, alcohol, 
and benzene, sparingly in ether. B’HCl: red 
needles (Doebner a. Miller, B. 17, 1702). 

Amido - (B. 2, 4 -Py. 3) - tri - methyl - quinoline 
C,JI U N(NIL). Formed by reducing nitro-tri- 
methyl-quinoline with SnCL. Yellowish plates 
(from alcohol) (Panajotow, B. 20, 36). 

Sulphonic acid C, 2 II n (SO ;H H)(NH. 2 ).N. 
Small yellow needles. BaA' s 3aq: silky needles, 
si. sol. cold water. 

AMIDO-METHYL-TOLUIDINE v. Methyl- 

TOLYLKNK DIAMINE. 

AMIDO-0-METHYL UMBELLIFERON 
.CMo;CII 

C 10 II b NO 3 i.c. C a H 2 (NII 3 )(OH)<' I [247°]. 

From nitro-/J-metliyl-umbelliferon. Needles, 
sparingly soluble in the usual menstrua. Fe.,Cl* 
gives an intense green colouration with the alco¬ 
holic solution. 

Salt. -B'.ILSO,2aq: sparingly soluble pp^ 
(Pechmann a. Cohen, B. 17, 2137). 

AMIDO-METHYL-URACIL v. Uramido-cro- 

TONIC ACID. 

AMIDO-NAPHTHALENE p. Naphtiiylamink. 
Di - amido - naphthalene v. NAPimnLENir. 

DIAMINE. 

Tri-amido-naphthalene C I0 H,,N 3 i.e. 
C 10 H ;> (NH.) S . The hydriodide , B'"3HI, i* 
formed from (/3)-tri-nitro-naphthalene [218°], by 
reducing it (1 g.) with I (20 g.), P (4 g.) and 
water; it forms white needles; at 70° it becomes 
B'"2MI. The sulphate, B"'H 2 S0 4 forms silky 
needles. The free base is vory unstable. 

Benzoyl derivative C, 7 H ls N 3 0 i.e . 
C IO II i (NIL) 3 (NHBz)[2:4 / :l]. From benzoyl-di- 
nitro-naphthylamine. 

Salts. - B'"HC1: needles. — B"'H 8 S0 4 : 
needles (Lautemaun a. Aguiar, Bl. [2] 3, 203; 
Iliibner a. Ebell, A. 208, 324). 

Tetra-amido-naphthalene C 10 H I2 N 4 i.e. 
C 10 H 4 (NH.J 4 . The hydriodide B""4III, formed 
by reducing (fl)-tetra-nitro-naphthalene [200°] 
with P, I, and water, crystallises in yellowish 
laminm, sol. water and alcohol (L. a. A.). 

AMIDO-NAPHTHALENE SULPHONIC ACID 
v. Naphthylamine SULPHONIC ACID. 

AMIDO-(j8)-NAPHTHO-HYDRWJINOJIE 

C^HyNCXj i.e. C 10 H s (NH,)(OH).„ Amido-di-oxy- 
naphthalene. Tho hydrochlo r ide, B'HCl, is 
got by reducing nitro-(j8)-miphtliohydroquinone 
with tin and HC1 (Groves, C. J. 45, 300). It ift 
rapidly oxidised by air. 

AMIDO-NAPHTHOIC ACID C u H 9 m i.e. 
C 10 H a (NH 2 ).CO 2 H. 

Amido-(a)-naphthoio acid. [212°]. From 
nitro-(a)-naplithoicacid, [230°], by reducing with 
FeS0 4 and NH 3 . Colourless needles; enay be 
sublimed ; sol. alcohol, v. b 1. sol. ether (Ekstrond, 
B. 18, 78). 
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Ami4o-(j8) ntphtholo uld. [211 s ]. Formed 
by reducing nitro-(fl)-naphthoio aoid [269°], with 
FeSO, and NH,. Slender colourless needles 
(Ekstrand, B. 18,1206). 

Amido-(6)-naphthoio acid. [219’]. From 
nitro - (8) ■ naphthoic acid [289°]. Slender 
needles. Salts.—’■HA'IPCl: small prisms,v.sol. 
water. — "HA'IINO,: la\>o tliin lamina).— 
«(HA'),H..S0 4 : small n risnlmi c needles (E.). 

Amido-(fi)-naphthoic acldV, 1232°]. From 
nitro-(j8)-nai>lithoicai:id [293°]. wriall trimetrio 
tables; sol. alcohol and boiling water. Salts.— 
CaA', 4aq : long violet needles. —- HA'HNO a : 
large needles.—(IIA'J JI.SO,; needles (E.). 

jKri-Amido-naphtboio aoid C 10 U J (NHJCO J TI 
[“) «')]• 

Preparation. —The crude product of the 
nitration of (a)-naphthoic acid is reduced with 
FeSO,. The solution is boiled with HC1 and, on 
cooling, the lactam of the pcri-acid, [178°], 
crystallises out in yellow needles, whilst the 
hydrochloride of the isomeric acid remains in 
solution. 

By diazotisation, treatment witli cuprous 
cyanide, and saponification of the nitrile, naph- 
thalic acid is formed (Bamberger a. Philip, II. 
20, 242). This experiment determines the con¬ 
stitution of aconaphtheno (q. v.) which may be 
oxidised to naphthalic acid. 

Lactam C„H,NO 

i.a. [179°]. 

Formed by reducing nitro-(a)-napbtboic acid 
[215°]. Needles (by sublimation); sol. hot 
alcohol, si. sol. water and ether. It is an 
indifferent substance insoluble in alkaline 
carbonates, but soluble in hot aqueous NaOlI 
with formation of the acid (Ekstrand, 11. 18, 
75 ; 19, 1137 ; compare Rakowsky, B. 5, 1020). 

Acetyl derivative CnH.AoNO. [125°J. 
Long hair-like needles (from alcohol). 

AMID0-NAPHTH0L C 10 IL,NO. 

(o)-Amido-(a)-naphthol C 10 U b (O 1I)(NIL) [1:1]. 
Formed by reducing nitro-(u)-naphthol [101°] 
{Liebermann, A. 183, 217) or p-sulpho-bonzene- 
azo-(a)-naphthol (Liobermann, B. 14, 1790). 

The free base is unstable; its salts produce 
(a)-naphthoquinone when oxidised. 

B'HCl: white needles; converted by bleach¬ 
ing powder into C. J( ,H 10 N 3 C1 or C._, n H l2 N ;i Cl which 
separates from HOAcAq in needles [85°], and 
explodes at 130° (Hirsch, B. 13,1910). 

(8)-Amido-(u)-naphtholC lo H,,(OH)(NH.J [1:2], 
Formed by reducing nitro-(a)-naphthol [128°], or 
nitroso-(o)-naphthol (L.). 

The free base is unstable; in presence of 
alkalis, air Ifoms violet naphthoquirione-imidc, 
.NH * 

C, 0 H„^ | . Its salts give (0)-naphthoquinone 

when oxidised. B'HCl: white lamina.— 
B , C h H,(NO,,),OH. 

(«) - Amido - (0) - naphthol C 10 II,,(OH)(NH 2 ). 
Formed by reducing nitro-(0)-naphthol [103°] 
(Jacobsen, B. 14, 806 ; A. 211, 48) or nitroso-(0)- 
naphthol (Groves, C. J. 45,290). 

PtVparation.—{p) -naphthol orange is heated 
with HClAq and SnCl a in slight excess over that 
required by the equation: 


H0.0 1 ,H,.N 3 .0,H 4 .S0,Na + 2SnOI, + 0HOI- 
HO.O J0 H # .NH a HCl + NH,.C tf H 4 .S0 3 H+ 
2SnCl 4 -i- NaCl, 

Amido-(/3)-naphthol hydrochloride crystallises 
on cooling, and is freed from sulp’ianilio acid 
by washing with NaOHAq (Groves, C. J. 
45, 291). 

Proportion. —Colourless scales, v. si. sol. 
watAr, readily oxidised by air. Its ethereal 
solia-ion tluorescos violet. Chromic mixture 
oxidises it to ( 0 ) -naphthoquinone. 

Halt.—B'HCl: white needles. 

Benzoyl derivative. —C^H^NHBzJOH. 
[245°]. Small colourless plates, soluble in 
alkalis. Formed by reduction of the benzoyl- 
derivative of (a)-nitro-(/3)-naphtliol, the benzoyl 
group wandering from the hydroxyl to the 
amidogen; this probably takes place by the 
intermediate formation of benzenyl-amido- 

naphthol C l 0 II J <^Q^C.C d H 5 since this body 

occurs in the reduction product. 

Acetyl derivative. — C 10 TI li (NIIAc)OH. 
[225°]. Plates. Formed by reduction of the 
acetyl derivative of (a)-nitro-( 0 )-naphthol, the 
1 same isomeric change taking place as in the 
; preceding case (Bottcher, B. 16, 1935). 
Di-amido-(a)-naphthol C, u H 1 (l N.O i.e. 
C| 0 II.(011)(NHJ... From di-nitro-(a)-naphthol 
[138°] (Griess a. Martins, A. 131, 376). Its 
aqueous solution is turned red by FeXl,., amido- 
naphthoquinone imide (q. v.) being formed. 

Salts. (Graebc a. Ludwig, A. 154, 307).— 
B"H SnCl, : monoclinic prisms, a:b:c = 
3*181:1:1-187, 0 -72° 33'. - B"H ,SuCl 4 4aq.— 
B'TI.SO, 2aq. 

Tri-amido (a)-naphthol C 10 ll n N.,0 i.e. 
C l 0 lI,(Oll)(NH.).,. From tn-nilro-(a)-naphthol 
(Diehl a. Merz, B. 11, 1665; Nkstrand, B. 11, 
161). 

B"TI.SO,aq: scales.—B'"3HCI uq: needles. 
AMlDO-(0)-NAPHTHOL SULPHONIC ACID. 
C, 0 H J (OH)(NH ,).S0 3 11. From nitroso-(0)-naph- 
thol sulplionic acid ( 7 . v.) with tin and HC1 
(Meldola, C.J. 39, 47). Long white needles, 
v. sol. water, turned brown by air. Gives phthalio 
acid with HN(),Aq. The acid obtained by 
reducing m-carboxy-benzcne-azo-sulpho- ( 8 )- 
nnphthol appears to be an isomoride (Griess, B. 
11, 2032). 

Di-Amido-(a)-naphthol-sulphonic acid 
C 1 „H l (OH)(Nn,),S0 3 ll [1:2:4:0'J. Prepared by 
reducing naphthol yellow S. Lamina); gives 
di-iinido-(a)-nap!ithol sulplionic aoid when 
oxidised (Lauterbach, B. 14, 2029) 

Amido-(0)-naphthol di-sulphonic acid 
C, 0 TI,(OH)(NlI.)(SO 3 H). i ;3aq. From ?u-carboxy- 
benzcnc-azosulpho-( 0 )-naphthol by reduction. 
Lamina), v. sol. water (Griess, B. 14, 2042). 

AMID0-NAPHTH0QUIN0NE C lo II 7 N0 3 i.e. 
C l 0 H a (NH.JO.,. Oxy - naphtlio - quinone imide . 
Oximido - naphthol. Orange needles, formed 
by boiling amido-naphthoquinone imide with 
water (Martins a. Griess, A. 134,377; Graebe a. 
Ludwig, A. 154, 307). SI. sol. boiling water, v. 
sol. alcohol, insol. ether. Converted by boiling 
acids or alkalis into oxy-naphthoquinone. ini* 
line, wh<yi heated with it in acetic acid solution, 
forms naphthoquinone di-anilide. 

Its dihydrido is described as Amido-jophtho* 

HYDUOQCZNONS. 
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AJOBO NAPHTH0QUIN01TE-XMIDK 

.NH 

0|oHgN 2 0t.«. 0 10 H 4 (NH,)<^ 

Di-imido-naphthol. From di-amido-(a)-naphthol 
and Fo 2 Cl u Aq (Graebe a. Ludwig, A 154, 307). 
Minute needles, v. si. sol. cold water, v. sol. 
alcohol. Boiling alkalis and dilute acids at 120° 
convert it into oxy-naphthoquinone. Reduf.ng 
agents produce di-amido-(a)-naphthol. An'/ine 
heated with its hydrochloride forms naphtho¬ 
quinone di-anilide. Salt.—B'HCl: dark red 
monoclinic prisms with green lustre a:b:c= 
2-907 : 1: 2-390 0 = 74° 28' — B' 2 H 2 PtCl fl . — 
B'H,Cr0 4 : S. -13 at 12°.—B'H 2 S0 4 . 

Bromine-water added to an aqueous solution 
of amido-naphthoquinone imido produces two 
derivatives (Kronfold, B. 17, 715): 

1. C B H 4 Br 2 0 2 [173°] : white plates, sol. 
alcohol, benzene, HN0 3 (S.G. 1-4), and CHCl 3 . 

2. C 10 H (l Br 3 NO 3 i.e. CBr 3 .C0.C 8 H 4 .C(NH).C0 2 H 
[213°]: white needles, sol. alcohol, benzono and 
HNO a (S.G. 1-4), insol. chloroform. It is split 
up by cold alkalis into phthaliraidc and bromo- 
form. When heated alono or better with H 2 S0 4 
at 110° it gives C0 2 , Br 2 and an acid CgII.jBr.NO 
[237°]. This loses IIBr when boiled for a long 
time with alkalis. When heated with II 2 S0 4 it 
gives phthalic acid. 

AMIDO - NAPHTHOQUINONE SULPHONIC 
ACID C| 0 II 8 N.SO 4 . Minute coppery needles, 
formed by oxidising di-amido-naphtliol sulphonic 
acid. 

DI-AMIDO-DINAPHTHYL C., o n i8 N 2 . Di¬ 
naphthyl ine. C lo H a (NH..).C 10 H 0 (NH 2 ). [273°). 
Colourless plates (from benzene). Formed 
together witli a smaller quantity of the isomeric 
naphthidine by yarming (aa)-hydrazonaphthaleno 
with two mols. of dilute HCl at 70°-80° ; a clear 
solution is formed from which the naphthidine 
is ppd. as its sparingly soluble hydrochloride by 
adding an excess of HC1, the easily soluble 
hydrochloride of dinaplithylino remaining in 
solution. 

Reactions.— By diazotising and boiling with 
alcohol it is converted into (aa)-dinaphthyl 
[154°]. By boiling with acids NH 3 is easily split 

off, giving imido-dinaphthyl | }NH. By 

. c 10 n/ 

CrO, it is oxidised to phthalic acid. 

Salts. —B"ILC1 2 *: easily soluble. — 
B'TLCLPtCl,: sparingly soluble yellow plates 
(Nietzki a. Goll, B. 18, 5254). 

Di-amido-dinaphthyl [naphthidine). Probably 
[4:1] C,„H u (NIL,).C 10 H h (NH 2 ) [1:4]. ri98°J. 
Silvery plates or colourless tables. Soluble in 
alcohol and benzono. Formed, together with its 
isomerido dinaphtliyline, in small quantity by 
heating (aa)-hydrazonaphthalene with HC1, and 
in largo quantity by reduction of (ok) -azonaph¬ 
thalene with SnCL and HC1. 

Preparation.—One pt. of azonaphthaleno is 
dissolved in 45 pts. of hot acetic acid, and a 
solution of SnCl 2 (1 pt.) in 2 pts. of HC1 and 2-3 
pts. of water is added in sufficient quantity to 
decolourise it; on adding an excess of IICl tho 
sparingly soluble hydrochlorido of naphthidine 
is ppd. 

Reactions,— Fe 2 Cl„ CrO,, Cl* <fco., produce a 
carmine red colouration or pp. with solutions of i 


naphthidine salts. Bv heating with CrO, it is 
oxidised to (a)-naphthoquinone and finally to 
phthalic acid. Its diaso-compound yields violet 
colouring-matters with the sulphonic acids ol 
(0)-naphthol. By boiling the diazo-compound 
with alcohol it yields (aa)-dinaphthyl [154°]. 

Salt s.— B"H 2 C1 2 : scaringly soluble colourless 
silvery plates.—B"H 01 2 PtCi 4 .—B"H 2 S0 4 : very 
sparingly soluble glistening plates. 

Di-aoetyl-Cty-.ririlitive C 20 H l 2 (NHAo ) 3 
[over 300°] ,\’.:eatly insolublo in ordinary sol¬ 
vents (Nietzki a. Goll, B. 18, 3251). 

Di - amido - (aa) - dinaphthyl C., 0 H, 2 (NH 2 ),. 
Obtained by reduction of di-nitro-dinaphthyl 
with zinc dust and HCl. It is readily oxidised 
.NH 

to the di-imido-compound C^H,,^ | , so that 

\NH 

it cannot be diazotised. B 7 H,C1 2 : easily soluble 
colourless needles. Tho bichromate pps. in brown 
crystals. 

Di-acetyl-derivative C 20 H, 2 (NHAo) 2 . 
[Above 300°]. Colourless needles; insoluble in 
all solvents (Julius, B. 19, 2551). 

Twenty-eight di-amido-(aa)-di-naphthyls are 
indicated by theory. 

Tetra - amido - iso - di - naphthyl C 2 a H l 0 (NH 2 ) 4 . 
[104°-167°]. From tctra-nitro-iso-d*i-naphthyl. 
Grey powder, si. sol. alcohol, m. sol. toluene 
(Staub a. Watson Smith, G. J. 47, 104). 
AMIDO-NITRO- v. Nitho-amido-. 

AMIDO -NITR0-BR0M0- v. Bromo-niteo- 

AMIDO-. 

AMIDO-NITR0-CHL0R0- v. Ciiloro-nitro- 

AMTD O-. 

AMIDO NITR0-I0D0- v. Iodo-nitro-amido-, 
AMID0-0CT0IC ACID C H II,.NO.. i.e. 
C 8 H, 3 .CH(NH 2 ).C0 2 H. Amido - caprilic acid. 
From licptoic aldehyde-ammonia [ocnanthol- 
ammonia) and HCN (Erlenmeyer a. Sigel, A. 
176, 341). Pearly white lamimc, v. si. sol. 
alcohol, ether, and cold water. Neutral. Vola¬ 
tilises before fusing. Salts. — HA'HCl.— 
HA'HNO s : slender needles. — (HA')..H 2 S0 4 . — 
CuA'... 

Nitrile C a H l 3 .CII(NH,).CN. [0°]. From HCN 
and cenanthol-aramonia (E. a. S.). Oil, miscible 
with alcohol and ether. Salts.—C 8 H Ia N 2 HCl: 
satiny, six-sided plates.—(C s H l 6 N 2 ).,II,PtCl 6 . 

Amide C a H 13 .CH(NH,).CONI4 From tho 
nitrile and cone. HCl. Salts.— 
(C M H 18 N.,0) 2 H 2 PtCl 8 .-C M II l 8 N,.0HCl. Converted 
by aqueous NaHC0 3 into an acid, C () H, 8 N 2 0 3 (?). 
AMIDO-OCTYL-BENZENE v. AaiiDo-riiENYL- 

OCTANE. 

AMID0-0CTYL-T0LUENE v. Auido-tolyl- 

OOTANE. 

AMIDO - CENANTHYLIC ACID v. Amido- 

HEPTOIC ACIP. 

AMID0-0PIANIC ACID v. OriANic acid. 

TRI-AMID0-0RC1N C 7 H u N s O, i.e. 
C 8 Me(OH) 2 (NH 2 ) 3 . From tri - nitro - orcin by . 
sodium-amalgam or by Sn and HCl. Its solu¬ 
tions readily oxidise in air, forming anndo-di- 
imido-orcin (< 7 . v.) (Stenhousc, Pr. 21, 125). 

AMID0-0XAL0XYL-ACETIC ACID 
C0 2 H.CH(NH ! ).CO.CO,H. Phenyl hydraeid* 
C0 2 H.CH(NH 2 ).C(N 2 HPh).C0.,H. Obtained by 
reduction of an alkaline solution of *the di¬ 
phenyl - hydrazida of di - oxy - tartaric acid 
G g (N r HPh) 3 (00 2 H), with sodium amalgam. 
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White pp., very oxidisable, its alkaline solution 
quickly becoming reddish-violet on contaot with 
the air, By warming with HBO, it is converted 
into tho anhydride C„H,,N,0, which is probably 
oxy-amido-quinizine-carboxylic acid (q. v.). By 
further reduction of tho alkaline solution with 
sodium-amalgam di-amido-succinio acid [125°] 
is formod (Tafel, B. 20, 2i f). 

AMIDO-OXINDOLE v. Oxindole, 

AMIDO-OXY- v. Oxv-iuir*-. 

AMIDO-PHENANTHBENE?:. tVexANTIIRENK. 

AMIDO-DI-PHENIC ACID C ll II ll N0 4 i.c. 
[1:2] C0 2 H.C 8 H,.C„H : ,(NH 2 ).C0.,H [1:5:2], Tho 
hydrochloride, lIA"iiC], obtained from nitro- 
di-phcnic acid, forms silvery laininie. When 
distilled with lime it produces jD-amido-fluorene, 
0, 8 H„NH 2 [123 ] (Htasburgcr, B. 10, 2317). 

o-Di-anudo-di-pheuic acid C,,H>.,N.,0, i.c. 
[3:2:1] (CO..H)(NH 2 ).C 8 H 2 .C 8 H ; ,(NH,)(CO ; ,H) 

[1:2:3]. Formod, by intramolecular change, 
when o-hydrazo-benzoic acid is boiled with HC1 
(Griess, B. 7,100'.)). 

m-Di-amido-di-phenic acid C l ,II,.,N.,0,l , ,aq 
ix. [2:1:1] (CO..H)(NH..).C s H r C„H 1 (Ni[,j(CO.Il) 
[1:4:2], Benzidine di-carboxylic acid. 

Formation.—1. From the corresponding di- 
nitro-compound (Hummel, A. 193, 128; Struve, 
B 10, 75; Schultz, B. 12, 235).—2. From 
m-hydrazo-benzoic acid by boiling withHCl (G.). 

Properties. - Short needles (from water); v. si. 
sol. water, alcohol, and ether. It gives benzidine 
and di-amido-fluorenc when distilled with lime. 

Salta. — Ag.A"aq. — H,A"2HC1. — 
HjA'^HNO,.—I.T.A"il.,PtCL 2aq. 

AMIDO-PHENOL. * 
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mid o-amido-phenol and other produotl an 
formed. The salts Of the base have green 
metallio lustre and are easily soluble in aloohol 
but sparingly soluble in water; much water 
decomposes them into acid and base.—B"2HC1. 
—B"2HClPtCl,.—B" J H.,S0 1 . Acetyl deriva¬ 
tive C..,H„ 1 Ac..N,0,. [285°]. Oxidised in glacial 
aceticacid solution by IINO„ this gives C 2 ,H ls N 8 0, 
[27fr J -280°], Bonzoyl derivative 
C 21 lV 18 Bz,N,0,. [205°]. Reactions. — Nitroui 

acid' converts the base into C 2 ,H|„N 8 0 8 , which 
forms small red needles, [above 200“]. HNO, 
oxidises it in acetic acid solution to a body which 
crystallises in yellow needles [260°] (Zincke a, 
Heb< brand, A. 226, 60). 

Acetyl derivative C 8 H,(OH)(NHAc). 
[201°]. From its anhydro-derivative by boiling 
with dilute II 2 SO, (Ladenburg, j IS. 9, 1525). Ac¬ 
cording to Morse ( B. 11, 232) it can be formed by 
reducing o-nitro-phcnol with Sn and IIOAc (cf. 
Zincke a. Hebebrand, A. 22G, 69). Glittering 
white plates, v. sol. alcohol and hot water; sol. 
KOHAq. Not affected by quinono. 

Anhydro derivative C a H,<^^J>C.CH 3 , 

FAhenyl-o-amulo-phcnol. [201°]. S.G. 2 1T365. 
Formed by heating o-amido-phenol with Ac.O, 
or its acetyl derivative with P„0, (L.). 

Benzoyl derivative C„H,(NHIlz)(OH). 
[167°]. From the anhydro-compound by boiling 
with aqueous acids, or from the di-benzoyl deri¬ 
vative by boiling with water and BaCO a (Hiibner, 
A. 210, 387; Bottchcr, B. 16, 62'J). Lamina), 
si. sol. cold water, v. sol. hot water, sol. alcohol, 
ether, and benzene. 


o-Amido-phenol C„H-NO i.c. C 8 H,(NH.,){OH) 
[1:21. [170°]. S 1-7 at 0“ (Kovner). 

Formation .—1. By reducing o-nitro-phenol 
(Hofmann, A. 103, 351; Fritzsche, J. 110, 166 ; 
Schmitt a. Cook, K. 3, 02). 

Properties.— Scales; may be sublimed. 

Salt s. • B'HCl; S. -8 at 0°.—B'..H.,SO,. 
Reactions. —1. Oxidised by K,FnCy„ forming 
S dye (C 2 ,H„N 3 0 2 ?) which sublimes as pink 
needles (G. Fischer, J. pr. [2] 19, 319).—2. 
Nitrous acid forms o-diazo-phenol. — 3. Con¬ 
verted into oxy-quinoline by heating with 
glycerin, o-nitro-phcnol, and ELKO, (Hkraup, B. 
15, 893).--4. Lactic acid, o-nitro-phenol and 
H...SO, give oxy-metliyl-quinoline (oxy-quinal- 
dine).—5. CH..C1.CO..H gives oxy-phenyl-amido- 
acetio acid, 'C0 2 H.CH...NH.C,,II,.OH (Vator, 
J. pr. [2] 29, 286). — 6. CI.CO-F.t gives oxy- 
phenyl - oarbamio ether, H0.C, ( ]I,.NU.C0. 2 Kt, 
[86°], which is converted by distillation into 
alcohol and oxy - methonyl - nmido - phenol 

C 6 H 4 <^C.OH, [138°] (Gronvick, Bl. [2] 25, 

178). —7. I J o!assic xanthatc inverts the hydro- 
ehloride of amido-phenol into sulpho-carbanil 

C.H 4 <£>CSH, called also thio-carbamido- 

phenol and 1 oxy-phenyl-thio-oarbimido’ (Kalck- 
hoff, B- 16,1825; Zincke a. Hebebrand, A. 226, 
60).—8. Amido-phenol (30 g.) healed with alco¬ 
holic guinonc (43 g.) forms hydroquinone; and, 
on cooling, violet needles of a base C 2 ,II l8 N,0, 
[250°] separate. This base is soluble in aniline, 
sparingly soluble in alcohol, benzene, and chloro¬ 
form. In dilute acids it forms deep red solu¬ 
tions. Boiled with NaOH, ammonia comes off 


Anhydro derivative C,H,<^Jj>C.Ph. 

Bcnzcnyl - o - amido - phenol. J103°]. (314°). 
Formed by heating o-amido-phenol with BzCl, 
HOBz, or phthalio anhydride, and distilling the 
product (L.); or by reducing o-nitro-phenyl 
benzoate, with Sn and HC1. It is insol. water, 
v. sol. alcohol. Its salts are unstable, but 
B' 2 H,PtCl 8 may be crystallised from alcohol. 

Di-benzoyl derivative 
C,II,(>IHBz)(OI!z). [176°]. From o-amido- 
phenol hydrochloride and BzCl (Hiibner, A. 
240, 387). 

Formyl derivative. Only known in its 
Anhydro-derivative C„H,<^^>CH. 

Methenyl-amido-phenol. [31°]. (183°). Formed 
by heating o-amido-phenol with formio acid. 

Phthalyl derivative 
CJI,:(C 2 0.,):N.C„H,.01I. Oxy-phenyl-phthali- 
mule. [220°]. From o-amido-phnnol and phthalio 
anhydride at 220°. Yellowish prisms; converted 
by heat into C0 2 and anhydro-bcnzoyl-o-amido- 
phenol,and by boiling Na 2 CO a Aq intopblbaloxyl- 
amido-phenol, C0 2 H.C 8 H,.C0.NH.C 8 H,0H, 
[223°] (Ladenburg, B. 9,1528). 

Methyl derivative CJI^NILJ.OMe. 
o-Anisidinc (228°). From o-nitro-anisol by 
reduction (Briinck, Z. 1867, 205; Miihlhauser, 
B. 13, 919, A. 207, 235; Herold, B. 15, 1084). 
Liquid. It acts upon quinone thus: 

3C,H,O a + 2C 8 H,(OMe)NH 2 = 

2C„B» (OH)., + C 8 H 2 0 2 (C 8 H„(0Me)iNH 2 ) r 
The product forms reddish-violet needles (from 
glacial HOAc and benzene), [230°], and girea 
a fine blue solution in oonc. H,SO, (Zincke, A, 
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228,68). Salta.—B'HOl: needles (from alco¬ 
hol)-; may be sublimed.—B'HBr.—B , H 2 S0 4 . — 
Chloroaoetate (Vater, J. pr. [2] 29, 
288). Acetyl derivative.—C a H 4 (NHAc).OMe. 
[84°] (204°). Pearly crystals. Sol. hot water. 
Benzoyl derivative. — C ti H.(NHBz).OMe 
[59°]. 

Ethyl derivative CyH^NH.J.OEt. 
o-Amido-phcnctol. (229°). A liquid prepiy^ 1 ly 
reducing o-nitro-plienetol (M. Forster, ejt pr. 
129, 344). Kcactions.—1. Bromine forms a 
di- and a tri-broino-derivative. — 2. Cyanogen 
chloride passed into an ethereal solution forms 
ethoxy-plienyl cyanainide, [94°J, o- 
amido-phenotol hydrochloride being ppd.: 

2C a H 4 (NH..).OEt + CNCl== 
C u H,(NII,)OEtTICl + C 6 H 4 (NH.CN).OEt 
(Berlinerblau, J. pr. [2J 30, 98). Chloro- 
acelate.— C li II 1 (NH 2 )(0Et)CH 2 Cl.C0 2 H (Vater, 
J.pr. [2] 29, 288). 

Ethylene derivative C i{ H 4 (O.C u H 4 .NII ! ) ! |. 
[128°]. By reducing the ethylcno ether of 
nitro-phenol with Sn and MCI. Properties.— Tri¬ 
metric plates (from alcohol or water). Feels 
greasy. Insoluble in cold water, soluble in alco¬ 
hol, other, chloroform and benzene. Forms a 
bluisli-black solution with 1I,S0 4 . Fe.,Cl 0 gives 
a sepia-brown colour. K 2 Cr„0 7 and HC1 give a 
brownish-red colour (E. Wagner, J.pr. [2] 27,201). 
Salts. — B"21IC12aq. Silver-grey glittering 
flat needles grouped in tufts (from water). Tho 
acetate is extremely soluble. The sulphate is the 
least soluble salt, it crystallises in pearly plates 
but, like the oxalate, it readily becomes oxidised. 
Di acetyl derivative.—[220°]. Needles. 

Oxcthyl derivative .— 
HO.C,H,.O.C ti H r NH,. [90°]. Got by reducing 
BzO.CJ^.O.CJ^.NO^ ( v. o-Nitro-piienol) by Sn 
andHC1 (Weduige, J.pr. 132,252). Properties. — 
Colourless plates, slightly soluble in water, readily 
soluble in alcohol, ether and boiling benzene. 
A feeble base. Benzoyl derivative 
BzO.C,H,.O.C 0 H 4 .NM, [c. 100°]. Got by re¬ 
ducing the benzoyl derivative of the oxethyl 
ether of o Nitro-phenol ( q. v.). 

Amido -ethyl derivative 

NII,.C,H 4 .0.C o H 4 .NH, 

Anhydro-benzoyl derivative 
/Nil. OsrOJIj 

C 2 H 4 <[ /N [151°] v. o-Nitro-phenol. 

\O.C u H/ 

m-Amido-phenol CJI 4 (NH,)(On) [1:3]. 

From wi-nitro-phenol by reducing with Sn 
and HC1 (Bantlin, B. 11, 2100). Tho freo base 
is extremely unstable. Its hydrochloride, BTIC1, 
is formed by reducing bromo-w-nitro-phenol 
(Pfalf, B. 16, 013). 

Methyl derivative C a H,(NH 2 )(OMe) 
m-Anisidine (251°). Salt.—B'llCl (Pfaff). 

Ethyl derivative C tt H t (Nli.)(OEt). (180°- 
205°) at 100 mm. From tho nitr® compound 
by Sn and HC1 (P. Wagner, J.pr. [2)32,71). 
A yellowish liquid, turning red in air. Salts.— 
B'.,H 2 SnCl 4 : platos.—B'HCl: silky grey needles; 
insol. ether, sol. water and alcohol. — 
B / ,H ; ,S0 4 l^aq.— x B' 2 H 2 C.,j 0 4 : brownish plates.— 
"B'HBr (Staedel, B. 10, 29). Acetyl deriva¬ 
tive C (i Iii(NHAc)(OEt). [97°]. Glittering white 
plates (from water). 

Ethylene derivative O a H 4 (O.C 6 H 4 NH. ii ) ;i . 
[135°]. Obtained by reducing the corresponding 


nitro-eompound. Short prisms (from aloohol). 
SI. sol. hot water, sol. hot alcohol and benzene, 
si. sol. ether. FormB crystalline salts. 

p-Amido-phenol 0 B H 
(S. a. C.). [c. 184°] 

(alcohol) 4-5 at 0°. 

Preparation. — 1. From p-nitro-phenol by 
reducing with iron and acetic acid (Fritzsche, 
A. 110, 166) or Sn and HC1 (Schmitt a. Cook, 
Ks 3, 61).—2. Fmm J amido-salicylio acid by 
distillation ( < )chrfuU, t B. 1,67).— 3. From nitroso- 
plienol (k’lueyer a. Caro, B. 7, 966). 

Properties. - Crystalline, but very unstable. 
May be sublimed (S. a. C.). In capillary tubes 
it turns brown at 140’ and melts at 184° with 
decomposition (Losscn, A. 175, 296). 

Salts.—BTIC1. S. 71 at 0°. S. (alcohol) 
10. Turns brown in air.—B'1TOAc. [183°]. 
S. 11 at 0°. S. (alcohol) 8-3 at 0°. 

Reactions. 1. Bleaching powder solution 
added to a cold solution of p-amido-phenol 
hydrochloride forms quinone chloro-imide, but 
if added to a hot concentrated solution of the 
salt it forms a mixture of tri- and tetra-chloro- 
quinones.—2. Bleaching powder added to a solu¬ 
tion of p-amido-plienol in fuming HC1 at 0° 
forms pure tri-chloro-quinone.—3. Chlorine gas 
passed in excess into a solution of p-amido- 
phenol in f umingll Cl forms pure tri-chloro-amido- 
phenol (Schmitt a. Andresen,c7.pr. 131,435). The 
| observation that chlorine converts p-amido- 
! phenol hydrochloride in aqueous solution into 
quinone-chloro-imidc, while in presence of cone. 
HC1 chlorine converts p-amido-phenol into tri- 
chloro-amido-phcnol, is explained by the fact 
that quinone-ehloro-imide is changed by cone. 
HC1 into chloro-p-amido-phenols. In this de¬ 
composition the lirsfc reaction is: 

C.H,<g cl + 4HCl = C 6 H ) <0{ 1 I 2iHC1 .2C!. J . 

This reaction is similar to that between 
chloride of nitrogen and 1IC1: 

NCI, + 4IIC1 = NH,CI + 301,. 

Hence both ammonia and amidogen are pro¬ 
tected by cone. HC1 from the action of chlorine. 
4. Acts on quinone as follows : 

3C 6 H,0., + 2NH.,.C„H,OH = 

20,11,(011). + C,.if ,(Nft r C,H :r 0H) 2 0 1 . It is best 
to uso tho hydrochloride of p-amido-phenol in 
hot aqueous solution ; the product, which sepa¬ 
rates on cooling, is sparingly solublo in tho 
usual menstrua, and docs not melt below 2<J0° 
(Zincke a. Hebebrand, A. 220, 70).—6. HC1. 
NaNO», and K.S0 3 produce p-diazo-phenol 
sulphite, HO.C„l l,.N,.SO,H (ltcisenegger, A. 221, 
31<>).—0. Cl.CO.Jit formsp-oxy-phonyl-carbamie 
ether, HO.C, i H 1 .NII.CO. i Et [120"].—7. A mature 
of IIC1 and potassium cyanate pWsa.ee p-oxy- 
plienyl-urea, IIO.'C S H,.NH.CO.NH 2 [108°].—8. 
HOI and potassium sulphocyan ide produce, when 
the solution is evaporated, p-oxy-phenyl-thio- 
urea, HO.C„H,.NH.CS.NH. (214°].-9. CS, pro¬ 
duces di-oxy-di-phenyl-thio-urea, 
CS(NH.C„H,.OH).,. 

Acetyl derivative C,H 4 (NHAo)(OH). 
[179°]. Large white prisms; obtained by re¬ 
ducing p-nitro-phenol with tin and glacial acetic 
acid (Morse, B. 11, 232). * 

Benzoyl derivative C,H ( (NHBz)(OH), 
j [227°]. From p-amido-pbenol and BsOl 
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(H&bner, A. 310, S78). Needles, insol. water, 
alcohol, and petroleum, si. sol hot alcohol. 

Amido-phenyl benzoate 0,H 4 (NHj)(0Bz). 
[164°]. Obtained by reducing p-nitro-phenyl 
benzoate. Plates; sol. boiling alcohol, and water, 
?. e. sol. glacial acetic acid. 

Di-acetyl derivative C„H t (NHAc)(OAc) 
(151°]. From p-amido-phenol and Ac ; 0. 

Di-benzoyl dcriua fioeC 8 H 4 (NHBz)(OBz). 
[231°]. From p-amidoj/aenq) and BzCl. 

Methyl derivative C 8 I£ 4 (NH 2 )(OMe). 
p-Anisidinc. [66°]. (240°). From p-nitro-anisol 
fBrunk, Z. 1867, 205 ; Salkowski, B. 7, 1009). 
Formed also, together with C0 2 , when anisoyl- 
hydroxylamine is distilled (Ijossco, A. 175,296). 
Tables (from water). B'HCl: long needles. 
B'jHjPtCl,. 

Ethyl derivative C 8 H 4 (NH 2 ).OEt. (253 f ). 
Obtained by reducing p-nitro-phenetol 
{Halloch, B. 14, 37). 

Ethylene derivative 0.11,(0.0,11,1111/, 
[c. 170’]. By reducing the ethylene ether of 
yi-nitro-phenol (q. v.). Properties. — Needles, 
which turn brown in the air. Crystallises from 
alcohol or from water. Very soluble in hot ben¬ 
zene, less soluble in CHC1, or ether. Forms a 
deep blue colour with K 2 Cr 2 0, and HCI. Fe„Cl 8 
gives a cherry red (E. Wagner, J. pr. [2] 27,206). 
Salt.—B"2HC1: long thin needles grouped con¬ 
centrically. The acetate is deliquescent. The 
sulphate is the least soluble salt. The oxalate 
is but slightly soluble. 

(«) Di-amido-phenol 0,H a (0H)(NH 2 ) 2 [1:2:4). 
From (a) di-i.itro-phenol (Gauhe, A. 147, 66; 
Stuckenberg, B. 10, 385; Post a. Stuckenberg, 
A. 205,66). The free base is extremely unstable. 

Salts.—B"2HC1. Precipitated by adding 
cone. HCI to its aqueous solution. Small prisms 
insoluble in cone. HCI, and in alisoluto alcohol. 
Dilute solutions are turned violet-red by Fe,Ci a 
or bleaching powder (H. Kohler, J. pt. [2] 29, 
270). -B"2HI.—B''H 2 S0 4 2aq : tables. 

Di-benzoyl derivative 
•C,Hj(NHBz) 2 OH (?). [187°]. From the hydro¬ 
chloride and BzCl. Pale red leaflets; sol. alcohol, 
chloroform, and aniline, si. sol. ether, insol. 
water. Forms a nitro derivative [c. 169°). 

Tri-benzoyl derivative 
■C 8 H s (NHBz) 2 (OBz)(?). [233°). Rhombohcdra, 

insol. alcohol, chloroform, and ether; sol. 
aniline. 

(j3) Di-amido-phenol C„H,{NH,.),,OiI [2:6:1]. 
The free base is very unstable; its hydrochloride 
is got by reducing the corresponding di-nitro- 
iphenol (Post a. Stuckenberg, A. 205, 79). 

Salts.—B"2HC1: thick pointed prisms, v. 
zol. water, si. sol. alcohol. B"H 2 S0 4 : yellow 
needles. _ 

Di-'bl/nz'oyl derivative C 8 H,(NnBz) 2 0H. 
(209°-213°). Minute crystals, sol. aloohol, si. 
sol. benzene. 

Tri-benzoyl derivative 
CjH/NHBz) (NBz./ (OH). [184°]. Sol. warm 

NajCOjAq, insol. chloroform. 

Tetra-benzoyl derivative 
■C 0 Hj(NBz 2 )(NBz 2 )dH. [182°]. Leaflets; insol. 
water, sol. warm Na.CO,Aq, alcohol, benzene, 
and ether. 

Di-Wido-phenol C # H,(OH)(NH 2 ) r [1:3:4]. 

Hydrochloride B''2H01.— Formed by 

hasting ethoxy-p-amido-phenyl carbamio ether, 


OjH/QH) (NH,)NH.CO,Bt with faming H( 
(H. KShler, J. pr. [2] 29, 269). Oblong plate: 
Very soluble in oono. HCI and in absolute alooho 
Dilute solutions are turned blood-red by Fe,0 
or bleaching powder. 

Tri-amido-phenol 0,H 2 (NH 2 ),0H. [2:4:6:1] 

Formation.— 1. From pierie acid by reduetio 
(Heintzel, Z. 1867, 338; B. 1, 111; Bamberge: 
B. f6, 2400).—2. From picraraide, Sn and HC 
(HAtp, A. 215, 350). The froe base 18 unstabls 
The salts give a blue colour with a large quantit 
of water containing air. In cone, solution Fe 2 Cl 
gives deep blue glittering orystals of amido-di 


imido-phenol (Heintzel). 

Salts. — I1"'3HC1.—B"' 2 .m,K0 4 .-B'"H 3 SnC] 
l>aq. — B"'HIH 2 S0 4 2aq. — B"TIIH s P0 4 2aq. - 
B"' 2 H 4 FeCy t . If the hydrochloride is boilo: 
with HCI di-araido-dioxy-benzene is go 
(Salkowski, A. 174, 260). 

Tri-acetyl derivative C s H,(NHAo)jOB 
[263°]. From tho hydrochloride of tri-amido 
phenol by heating with NaOAo and Ac 2 0. Whiti 
plates, soluble in acetic acid, hot alcohol, water 
aqueous acids and alkalis, very sparingly ii 
benzono and acetone; by HNO,, CrO s or Fe 2 Cl 
it is oxidised to the tetra-acetyl derivative o: 
tetra-amido-di-oxy-diphenyl-quinone 
C„H(NHAc) 2 (OH).0 

I (Bamberger, B. 16, 2400). 
C! s H(NHAc) 2 (0H).0 

llcaclion. -Tri-amido-phenol hydrochloridi 
is converted by bromine water into ‘bromo 
dichromazin’ C„H 8 N 3 Br M 0,. This bod; 
separates from alcohol in yellow noodles will 
feeble violet dicliroism. Boiling dilute H-SO 
converts it into ‘bromo-dichroic aoid 
C.JIjBr,,!),, and ammonia. Bromine convert,! 
bromodichromazin into hexa-bromo-acetom 
(Wedel a. Gruber, B. 10, 1137). 

Tetra-amido-phenol 

Ethyl-ether, hydrochoride 
C 6 H(NH.,) 4 (OEt),2HCl. By reducing the produe: 
of the action of IIC1 upon tri-nilro-ethoxy-phenyl 
urethane.- (l).C 8 H(N0 2 ),(0Et)(NH.C0.Et) +HC 
>C0 2 + EtCl + C 8 H(NO..).,(OEt)NH 2 . 

(2.) C a H(N0 2 ),(OEt)NH. + 9II 2 = 

C,,H(NH.,),0Et-t-6H 2 0. 

Propertius.—Crystallises from dilute alcohol 
Insoluble in absolute alcohol, very soluble it 
water. Does not melt at 360°. Reduces sola 
tions of Au and Pt. A feebly acid solution givei 
with Fe 2 Cl„ or blcaching-powdcr tho followin; 
succession of colours: dark-green, violet-red, red 
dish-brown, yellowish-brown, yellow, colourless. 

AMID0-PHEN0L SULPH0NIC ACID 


C„H,NS0 4 i.e. C,H 8 (NH 2 )(OH)HSO,. [2:1:4] 
S. 1 at 14°. Prepared by reduction of o-nitro 
phenol-sulphonic aoid or by sulphonation o 
o-amido-phenol. Large colourless crystals liki 
eale-spar. Does not form salts. 

Anilide C,II a (NH 2 )(0H)(SO,.NIIPh). [205°] 
Colourless needles; soluble in alcohol,acetic acid 
and benzene insoluble in ether. 

Benzoyl derivative C s H,(NHBz)(OH){SO,H). 
Balts. —NaA'4Jaq: colourless needles, solubli 

in water a. alcohol_BaA 2 ; colourless spangles 

sparingly soluble.—CaA' s 4]aq; sparingly solubli 
colourless scales (Post a. Holst, B. 13, 617 i A 
205, 49). 

p-Amido-phenol sulphonle add 
C,H/OH)(NH s )BO,H [1:4:2], 8. -07 at 14°. 




AMIIXJ-Dn^BENtX^ in 


Formation.— 1. Fromp-amido-phenol hydro- benzene (100 g.) is heated with a solution of SnCl* 
ehloride and fuming HaSfy (PoBt, B. 6 , 397).— in cono. HOI; the liquid is evaporated to dryness, 
9. From p-nitro-phenol sulpnonic acid (Post a. the residue dissolved in water and benzidine is 
Holst, B. 13, 617).—3. Together with azoreBO- ppd. as sulphate (100 g.) while o-p-di-amido- 
rufin by heating a mixture of resorcin and nitro- diphenyl Bulphate (30 g.) remains in solution 
benzene with H 2 S0 4 (Brunner a. Kramer, B. 17, (Schmidt a. Schultz, B. 12, 482). 

1867).—4. From quinone chloro-imide and cono. Properties. —Long needles, v. si. sol. water. 

Na 2 SO s (Schmitt a. Bennewitz, J.pr. [2] 8 , 7). Salts.—B"HC1: laminro.—B"2HC1: needles. 

Properties. —White glistening needles; si sol. —B"H 2 S0 4 : prisms.—B" 2 H 2 S0 4 . 
sold water, v. si. sol. alcohol, insol. ether, woes Bi-acetyl derivative C, 2 H 1 & Ao 2 N 2 . [202°]. 
not combine with acids, but forms metallic flits, w-Tn-Di-amidgr'diphenyl 
e.g. BafO.CflH^NRjJSOa). Reduces cold am- [1:3] NK 2 .C«B r C K H 4 .NH 2 [1:3]. From the nitro 
moniacal AgNO,. Turned violet by Fe 2 Cl 6 . Not compound (Brunner a. Witt, B. 20, 1028). Crys- 
ppd. by lead acetato. * tals, si. sol. water.—B ,, H 2 S0 4 .—B"H 2 PtCl # . 

Anilide C„H 3 (OH)(NH 2 )S0 2 NPhH. [98°]. Di-acetyl derivative. [258°]. Long 

Small colourless crystals; v. sol. alcohol, acetic needles. _ 

acid, and benzene; insol. ether. p-p-di-Amido-diphenyl. Benzidine. 

p-Amido-phenol di-sulphonic acid [1:4] NH 2 .C 0 II 4 .C h H 4 .NH 2 [1:4], Xcnylene-di- 

0,H 2 (0H)(NH 2 )(S0 3 H ) 2 [1:4:2:6] (?). From ben- amine. [122°]. (above 360°). 
zene-azo-phcnol tri-sulphonio acid (q . v.) by Formation.—1. By the reduction of azo¬ 
ammonium sulphide (Wilsing, 4.215,23G; Lim- benzene or of azoxybenzene in alcoholic 
pricht, B. 15, 1293). White silky needles. Deli- solution by S0 2 (Zinin, A. 85, 328).—2. From 
quescent; si. sol. alcohol, insol. ether. Solution azobenzeno by SnCl 2 and HC1 (v. sup.).— 3. By 
gives with Fe 2 Cl a a deep violet colour. Its heating azobenzene with fuming HC1 (Zinin, 
alkaline solutions show blue fluorescence for a A. 137, 370), HBr (Werigo, A. 166, 202), or 
short time. Halts.—KHA"aq : slightly sol. cold HI (Senziuk, Z. 1870, 267) in sealed tubes.— 
water.—NH 4 HA"aq.—PbA"aq. 4. By reducing nitro-benzene with sodium-amal- 

o-AMIDO-DIPHENYL Cj 2 H,,N i.e. gam in presence of acetic acid, the product 
CgH 4 .CgH 4 .NH 2 [1:2], [45°]. From o-nitro- being treated with H 2 S0 4 (Werigo, A. 135,176).— 

diphonyl with tin and glacial acetic acid (Hub- 5. From nitro-benzene, alcoholic NaOH, and 
ner a. Liiddens, A. 209, 351). zinc dust and subsequent treatment with acid 

Salts.—B'HCl: needles.—B' 2 H 2 PtCl 6 4aq. : (Alexejeff, Z. 1867, 497).— 6 . From di-amido-di- 
orange leaflets. phenic acid by distilling with BaO (Schultz, A. 

p-Amido-diphenyl C 6 H 5 .CgH 4 .NH 2 [1:4]. 196, 29).—7. From p-amido-p-nitro-diphenyl by 
Xenylamine ; Martylamine. [49°]. (320°). Sn and HC1 (Fittig, A. 121, 276).—8. From 

Occurs in the high-boiling fractions in the pre- p-p-di-nitro-phenyl by tin and HC1 (Schultz, A. 
paration of aniline (Hofmann, Pr. 12, 389; G. 174, 227).—9. From hydrazo-benzene by treat- 
Schultz, A. 174. 212 ; Osten, B. 7, 171). Pre- ment with mineral acids : 
pared by reducing p-nitro-diphenyl with tin and C B H v NH.NH.C u H a = NH 2 .C 6 H 4 .C 6 H 4 .NH a . 

HC1 (Hiibnor a. Osten, A. 209, 339). Colourless Preparation.— V. o-p-dt-AMiDo-Dn>HENYL. 

leaflets, sol. hot water, alcohol, and chioro- Properties. —Silvery scales; may be sublimed, 

form. Sol. hot water, v. si. sol. cold water, v. e. sol. 

Salts.—B'nCl: leaflets.—B'oH 2 FtCl„2aq; alcohol and ether, 
yellow leaflets, si. sol. alcohol.-B'HN0 3 : pearly Salts.—B"H 2 S0 4 : small scales, v. si. sol. 

leaflets.—B' 2 ILS0 4 : leaflets, v. si. sol. water, si. water and alcohol.—B"2HC1: lamina*, v. sol. 
sol. alcohol.—B' 2 H 2 C 2 0 4 : long needles, sol. water water and alcohol. — B"IIC1: long needles, si. 
and alcohol. sol. water; ppd. when a large excess of water is 

Acetyl derivative C (i H v C fi H 4 .NAcH. added to the preceding salt.—B"2HNO :1 : four- 
[167°]. Long needles; v. si. sol. water. sided lamimr, sol. hot water. — B"..H 2 C 2 0 4 : 

Benzoyl derivative C u II 5 .C b H,.NBzH. groups of silky needles, m. sol. water and 
[23(TJ. Leaflets; insol. water, v. si. sol. alcohol, alcohol.—B"C 4 H„0 8 : laminro; sol. water. 

Formyl derivative CgH 5 .CgH 4 .NH.CIIO. Reactions.— 1. Even very dilute solutions 
[172°]. Prepared by heating p-amido-diphenyl give with potassic bichromate a deep blue pp. 
with ethyl formate at 100°. Minute needles; (Julius, ill. 4, 193).—2. K,,FeCyg gives a blue 
sol. ether, si. sol. alcohol, v. si. sol. water (Zim- pp. - 3. Chlorine-water gives a blue colour soon 
mermann, B. 13, 1967). becoming red.—4. Exhaustive chlorination with 

2 >Amido-dipbenyl sulphonic acid SbCb gives per-chloro-diphenyl and per-chloro- 

C, ,H h (NH 2 )S0 3 H. [above 300°]. Formed by benzene (Merz a. Weith, B. 16, 2874). —6 . If very 
sulphonation of p-amido-diphenyl (Carnelley a. dilute bromine-water be poured solution 

Bchlevelman, C. J. 49, 380). Insol. water. of benzidine in 0S 2 the upper layer become! 

Salts.—NaA'2aq: colourlessnegdles, m. sol. blue, excess of bromine destroys this colour, the 
water.—BaA' 2 4aq; v. si. sol. water. lower layer then turning red (Claus a. Risler, B» 

o-p-Di-amido-diphenyl C, 2 II 12 N 2 i.e. 14,83). 

[1:2] NH 2 .C M H 4 .CgH 4 .NH 2 [1:4], Iso-benzidine. Acetyl derivative NH 2 .CgH 4 .CgH 4 .NAcH. 
(£)- or ( i)-Di-amido-di-phenyl. Diphenyline. [199°]. Needles, si. sol. water. • 

[45°]. (363°) (Schultz, A. 207, 348). Diacetyl derivative 

Formation .—1. From o-nitro-p-amido-di- NHAc.CgH 4 .CgH 4 .NAcH. [317°]. Nearly insoluble 
phenyl (Schultz, B. 9, 548; 14, 612)*— 2. From in all solvents. 

di-amido-aiphonyl carboxylic acid (Strasser a. Di-formyl derivative C ] 2 H g (NEbC0H) 2 ; 
Bohultz, A. 210, 193). crystalline powder, sublimable, insoluble in all 

Preparation.— An alooholic solution of aao- ordinary solvents except nitrobenzene. Formed 
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fcy heating hydnzobezuene ot benzidine with 5 
fozmieacid. 

Di-bentoyl derivative C 12 R,(NHBz) 2 : 
colourless needles or pearly plates; insol. 
aloohol, ether, and aniline; sol. nitrobenzene, 
formed by heating hydrazobcnzene or benzidine 
■With BzCl (Stern, B. 17, 379). 

Di-phthalyl derivative C^H^NjO, 
(above S(50°J: silky yellow needles, sol. hot 
nitro-benzene j insol. most other solvents. 
Formed by heating benzidine A-hydrazobenzeno 
with phthalie anhydride (B mllrowski, B. 
17,1181). 

Oxalyl derivative (C,H,.NH) 2 C 2 0 2 . An 
insoluble powder, obtained by heating benzidine 
oxalate at 200°. 

Bcnzidine-v-sulphonic acid 
E 2 N.C„H,.C s H,.NH.SO : ,H. Formed by heating 
an alcoholic solution of azobenzene with hydric 
ammonium sulphite (Spiegel, B. 18,1481). 

Gelatinous pp. It gives colourless crystalline 
■alts. 

The IISO, is readily split off with production 
of benzidine by dissolving the acid in strong 
H,SO,. 

Benzidine solphonic acid (7) 
CjH 1 (NH.,).C,H,(NH.,)(SO,II) (?). ITi/draco-hm- 
erne sulphonic acid C g H,.NH.NH.C s H l .SO ; ,II ('!). 
Fpd. by adding HC1 to the product of the action 
of H.,8 on an ammoniacal solution of azo-benzene 
sulphonic acid (Griess, A. 154, 213).—Yellow 
needles or plates (from water).—BaA'.: plates. 
The tree acid is decomposed by solution in 
aqueous NH, into benzidine and H,SO,. The 
above azohen zone sulphonic acid is converted 
by potash-fusion into p-oxy-azobenzene, and 
would therefore appear to be a p-sulphonic acid; 
in which case it is not clear how the conversion 
into a benzidine derivative could be ehectod. If, 
however, the acid is hydrazo-benzene sulphonic 
acid, we must assume that the benzidine trans¬ 
formation here takes place in alkaline solution, 
by displacement of 80,11. In any case tho 
removal of SO,H by ammonia is peculiar. 

Benzidine sulpbonic acid 
C„n,|N,.(SO,II) 2',aq. Obtained by heating (a)- 
benzidine disulphonic acid with water at 210° 
(Limpricht, B. 11, 1048). Yellow needles (from 
alcohol); v. sol. water.—KA'4aq.—BaA' 2 4aq.— 
TbA'j3aq. 

Chloride C, s IT„N s (SO,Cl) [above 210°]. 

Benzidine disulphonic acid 
[4;8;l]C„H,(NH 2 )(S0,H).C s H,(80,II) (NH 2 ) [1:3:4] 
8 . ‘08 at 22°. From nzo-, or azoxy-, benzene 
disulphonic acid by reduction with SnCl,,sodium- 
amalgam, or NaOH and zinc dust, followed by 
treatment with a mineral acid (Miihrenlioltz a. 
Gilbert, A Df®, 337; Brunnemann, A. 202, 344; 

' xjimprient, B. 14, 1359). Monoclinic prisms 
(with 3aq). Dilute HC1 at 230’ gives benzidine 
and 11,80,. Nitrous acid diazotises this acid.— 
•Na,A"3*aq.—K 2 A''l|aq.-CaA"4aq.-BaA"4aq. 
•—PbA”4aq. 

Bdlzidine di-sulphonic acid 
C IS H,(NH.) (S0.,H) 2 . From benzidine and fuming 
HjSO, at 170°. Small white plates ; v. si. sol. 
water, insol. alcohol and ether (Griess, B. 14, 
300). »Salts. — BaA"6aq: white plates.— 
BaA"2aq: needles.—“AgjA": white oryst&llina 
»• 


Benstdlne (a)-di-iulphonle acid 

0|^H„N 2 (S0,H) r Hydrato-bentene disuiphotn 
acid (?). Prepared by reducing potassium azo 
benzene (a)-di-sulphonate with SnCl 2 (Limpricht 
B. 14, 1357). Tables (containing 2aq); si. sol 
cold water, v. si. sol. alcohol. — K*A''3aq.— 
BaA"aq.— li Ag. J A": white pp.—PbA": needles 
si. sol. cold, v. sol. hot, water. 

Benzidine tetrasulphonic acid 
C l .,l|,N 2 (SO.,H),. Prepared by sulplionation oi 
the preceding with fuming H.,80, —J!a 2 A""14aq: 
largo prisms, v. sol. hot water, si. sol. alcohol.— 
«K,A"" (Limpricht, B. 14, 1513). 

Other sulphonic acids of benzidine 
Benzidine heated with a large excess of fuming 
If SO, above 170° forms a mixture of di-, tri-, 
and tetra-, sulphonic acids, and di-amido-di- 
phcnylcuc sulphono sulphonic acids (Griess, B. 
18, Kef. 83). 

Benzidine di-carboxylic acid v. <2t-Asm>o-Dj- 

riiF.xic ACID. 

Benzidine tetra-carboxylio anhydride 

0<po> C,H 2 (NIL.).C,IL(NH,) <™>o. 

[above 3G0°]. Formed by the action of an HC1 
solution of SnCL on azo-bonzene totra-carboxylio 
acid (azo-phthalic acid). Light-yellow tasteless 
powder. Insol.water, alcoliol, ether,or dilute acids. 

With alkalis it gives anhydride salts:— 

C 12 H 8 N 2 (C 2 0 { )(C0 2 K) 2 5aq: large prisms. 

C l2 fI H N ;! (C. J 0 :J )(C0. i ,Na). J aq: small needles. 

C l2 H H N 2 (C 2 0.j)(CO..Ag) 2 : fine powder. 

C 12 H 8 N.,(C,0 3 )(C0.)J'b : amorphous powder. 

C.J^N^CAJfCO^NHJfCOII): transparent 
prisms (Claus a. Hemmann, B. 10,1759). 

Di-amido-diphenyl C 12 H 12 N 2 . Iso-bcnzidine. 
[125°]. Occurs among tho products obtained by 
passing aniline through a red-hot tube (Bernth* 
sen, B. 19, 420). White iridesceiftplates, si. sol. 
water. Its aqueous solution gives no colouration 
with potassic ferricyanide , and a greyish-brown 
pp. with chlorine water. The solid base is 
turned greenish-black by strong I1N0 3 . The 
sulphate is sparingly soluble. 

Tetra-araido-diphenyl 

[3:4:1] (NH 2 ) 2 C,H :{ .CJI ; ,(NH 2 ) 2 [1:3:4]. Obtained 
by reducing di-nitro-p-p-di-amido-diphcnyl 
(Brunner a. Witt, B. 20, 1025). Silvery plates. 

a-AMIDO-PHENYL-ACETIC ACID C h H 9 NO,, 
i.t. C 6 H 5 .CH(NH j ).C 0 2 IL Phenyl-amido-acetio 
acid. [25G 0 ]. Formed by heating a bromo- 
phenyl-acetic acid with NH 3 Aq (S.G. *9) at 100° 
(Stockenius, B. 11, 2002); or by saponifying its 
nitrile, obtained by the action of alcoholic NH S 
on the cyanhydrin of benzoic aldehyde (Tiemann 
a. Friedldnder, B. 14, 19G7). White leaflets or 
prisms ; may be sublimed. SI. sol. cold water, 
in. sol. hot water. It forms unstable salts with 
bases, but more stable salts with acids, though 
these are decomposed by water. Distilled with 
lime, it giveg bcnzylamine (Tiemann, B. 13, 383). 

Salt s.-BTICi: trimctric prisms.—B'HNO„. 
—B'H 2 S0 4 .—-B'H 2 C 2 0 4 .—-AgA 7 : prisms, v. si. sol. 
water. -BaA' 2 : small white plates; v. sol. hot 
water.—MgA 7 2 daq: plates, si. sol. water. 

Amide. The hydrochloride forms thick 
prisms, si. sol. alcohol. 

Nitrile C a H 5 .CH(NH 2 ).CN. l^llow oil 
{v. sup.). 

m-Sulphonic acid 

C # H 4 (SO,H).CH(NH il ).CO a H. Minute needlei; IL 
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iol eoM water, inioL ether (PlOchl iu L 08 , B. 
18,1182), 

0 - Amido-ph eny 1-ac etic add. When o-nitro- 
phenyl acetio acid is reduced the product is not 
o-amido-phenyl-acetio acid but its anhydride, 
oxindol [q. v.) (Bacyer, B. 11,583). 

m-Amido-phenyl-acetic acid 
C 8 H 4 (NH 2 ).CH 2 .C0 2 H [1:3]. [148°]. Formed 

by reducing m-nitro-phcnyl-acetic acid (Gabriel 
a. Bergmann, B. 16, 2065). I 

Nitrile C rt H,(NH 2 ).CH 2 .CN. ?n- Amldo - 
benzyl cyanide. A liquid obtained by reducing 
w-nitro - phenyl - acetonitrile (Salkowski, B. 
17, 506). 

p-Amido-phenyl-acetic acid 
C„H 4 (NH.,).CH 2 .C0 2 H [1:4]. [200°]. From p- 

nitro - phenyl - acetic acid (Itadziszewski, B. 
2, 209; Bedson, C. J. 37,92). White needles 
(from water); v. si. sol. cold water. 

Nitrile C 6 H,(NH,).CI1,CN. p - Amido - 
benzyl cyanide. [46°]. (312°). V.D.4-78(for4*56). 
Formation. —1. From p-nitro-benzyl cyanido 
(Szumpelik, B. 3, 474 ; Gabriel, B. 15, 831).— 
2. As one of the products of the reduction of a- 
p-di-nitro-cinnamic ether (q. v.) by tin and HC1 
(Friedlander a. Mahly, A. 229, 229). The yield 
is 15 p.c. of the substance used. Properties. — 
Satiny plates (from water). Sol. acids. Gives 
a di-bromo-dorivative. HC1 at 130° converts 
it into amido-phenyl-acetic acid. Salts.— 
B'.H.PtCl,,—B'.JLSO,. Acetyl derivative 
NHAc.C 0 II,.CTL.CN. [97°]. Slender needles; 
v. sol. alcohol and ether. Di-acetyl deri¬ 
vative NAc.,.C ti II,.CII 2 CN. [153°]. Glistening 
needles. Sol. boiling water, benzene, and CS 2 ; 
si. sol. alcohol. 

• Di-amido-phenyl-acetic acid 
C fi H a (NII..),..CrL«).JI [4:3:1]. Formed by re¬ 
ducing (3, 4, l)-nitro-amido-phonyl-acetic acid 
(Gabriel, B. 15, 1996). Short flat crystals (with 
aq). SI. sol. hot alcohol, insol. ether, C$ 2 , chloro¬ 
form, and benzene. Sol. acids and alkalis. 

a-wi-Di-amido-phenyl-acetic acid 
[1:3]C„H 1 (NH.,).OH(NH, ( ).CO.H. [214°]. Formed 
by reducing w-nitro-phenyi-a-amido-acetic acid 
with tin and HGl (Plochl a. Loe, B. 18, 1181). 
Flat silvery needles. 

Salt.—*CuA' 2 : bluish-green crystalline pp. 

o-AMIDO-PHENYL-ACETYLENE CJI.N i.e. 
C a n 4 (NH..).CiCH. Yellowish oil. Prepared by 
reduction of o-nitro-phenyl-acetylene with zinc- 
dust and bill.,. It forms yellow pps. with arn- 
moniacal AgNO a and CuXlo. 

B'HCl: soluble yollow crystals. 

Bcaction. —Converted by ILSO, (12pts.) and 
H 2 0 (4 pts.) into o-amido-aoetophenono (Bacyer 
a. Bloem, B. 17, 964). 

Acetyl derivative. [75°]. Colourless 
needles (Bacyer a. Landsberg, B. 15, QP). 

Di-o-amido-di-phenyl-diacetylene 
C 8 H 4 (NII,).C:C.C:C.C e H 4 (NH.). [128°]. Pre¬ 

pared by the action of a solution of potassium 
ferricyanide on the cuprous compound of o-amido- 
phenyl-acctylcne. Long yellowish needles. Sol. 
alcohol, ether and acids, insol. water. 

B"H*CLj a colourless soluble crystals.* 

Di-acetyl derivative. [231°]. Long 
needles (Baeyer a. LandBberg, B. 15, 60). 


•wr. 

(B. 2)-AinD0.{4)-PHEm-ACIlIBIirS 

C,^I m N s L. o.h<, 

Formed by heating phenyl-p-phenylene-diamine 
C H H l (NR,).NHC H H i with benzoic acid and ZnCl 2 
(Hess a. Bernthsen, B. 18, 692). Amorphous 
solid. Easily soluble in ordinary solvonts. The 
solutions of the base are yellow, the benzene 
and ethereal solution paving a splendid green 
fluorescence. It^dyes silk a brownish yellow. 
The solutions*)f its salts are red. 

Di-amido-phenyl-acridine v. Chkysaniline. 
AMIDO-PHENYL-ALANINE v. Di-amido- 

PIIENYL-PROFIONIC ACI1). 

AMIDO - PHENYL - AMIDO- v. Diamido- 

PHENYL- 01 PllENYL-DI-AMIDO-. 

AMIDO-DI-PHENYL-AMINE C 12 H 12 N 2 U. 
NH,,.C li H 4 .NH.C <i H 5 . [61°]. Prepared by the 
reduction of nitro-di-phenyl-amine or of phenyl - 
amido-benzene-azo-benzene, or its sulphonic acid 
(Tropccolin 0 0.) (Nietzki a. Witt, B. 12,1399). 
Thin laminre. Gives quinono on oxidation. 
Salt. B'.R^SO,:silvery laminte,si.sol.water. 
Acetyl derivative C,.jr n AcN 2 . [158°]. 
p-p-Di-amido-di-phenyl-amine 
NH 2 .C, i H 4 .NH.C ti H 1 .NH 2 . [158°]. Formed by 
reduction of aniline black. Prepared by re¬ 
ducing (a)-di-nitro-di-phenyl-amino (N. a. W.). 
Acetyl derivative. [239°]. 
Di-amido-di-phenyl-amine. Prepared by re¬ 
ducing (/3)-di-nitro-di-phenyI-amine. Liquid. 
Salts.—B'TLCl,; si. sol. water.- B"H 2 PtC! 8 . 
Acetyl derivative. [203°]. 

Tri - amido -tri-phenyl-amino (C 0 H,.NH 2 ) 3 N. 
[230°]. Formed by the reduction of tri-nitro- 
tri-phenyl-amino by SnCl 2 (lleydrick, B. 18, 
2157; 19, 759.) 

Salts.—B"'3HC1: noodles. Its solution 
exhibits the following colour reactions: blue, 
turning violet with Fe 2 Cl d ; bluish-green with ppd, 
Mn0 2 ; blue with KX'r.G,; rod with cliloranil 
in acetic acid (but if in this case the free base is 
used the colour is bluish-green). —B" 2 3H 2 PtCl a . 

—B" , (C 6 H 2 (NO,.) s OH) 3 . 

Tri-acetyl derivative N(C„H,.NIIAo),: 
needles which do not melt below 210\ 

AMIDO-PHENYL-BENZGLYCOCYAMINE v. 
Asnno-Dl-PIIENYL GUANIDINE CAItllOXYJ.IC ACID. 

p-AMIDO-PHENYL-£so-BUTANE C, 0 H 1S N i.e. 
C,lI 1) .C (i H,NH 2 . Butyl -phcnylamine. Amido- 
butyl-benzene. (230°). S.G. — *937. From aniline 
hydrochloride (10 g.) and iso-butyl alcohol (8 g.) 
by heating for 6 hours at 230 ' (A. Sluder, A. 
211, 237; B. 14,1472, 2186; Pali 1, B. 17, 1232). 
Colourless oil; v. si. sol. water, volatile with 
steam. Miscible with alcohol or ether. Nitrous 
acid converts it into butyl -phenol. 

Salt s.-B'IICl.—1 rilBr. - B'llI^^ 

Acetyl derivative [170°]: laminro. 
Formyl derivative C I0 II l3 .NH.CHO 
[59°]: laminm (Gasiorowski a. Merz, B.18,1009). 
AMIDO - PHENYL - BTJT1NENE C l0 H n N 
(3) H) XII 

probably C lI H 4 (NH,).CII 2 .CH< || . [18°]. 

\cn 

(272° at 718 mm.). V.D.= i-95 (for 502). 

Formed by reduction of ?n-nitro-a-methyl-cin* 
namic aldehyde in alcoholio solution with tin 
and HC1. Colourless glistening plates. Sublimes 
at 100°. Deduces ammoniacal AgNO,. The 
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hydrochloride, enlphata and nitrate are easily 
soluble in water. The hydrochloride forms 
oolourless glistening plates. B'.H-OLPtOl. 2aq: 
slender needles. 

Acetyl derivative 0 ) 0 H 10 NAo [140°]: 
oolourless concentric prisms. 

Beneylidene derivative C,„H,N:CHPh 
[73°]: concentric light-yellow needles. Formed 
by heating the base with benzaldehyde (Miller 
a. Kinkelin, B. 19,1249L 

c-AMIDO-PHENYL-CARRlMIC ETHER 
Cj,H, 2 N 2 0 2 i.c. H 2 N.C t H 4 .NH.OO.,Et. o-Amido- 
phenyl-urethane. [8(1°]. Formed by reducing 
o-nitro-phenyl-carbamic ether (Rudolph, B. 12, 
1295). tong colourless needles; sol. water. 
Salt.—B'HCl: large tables. 
p - Amido - phenyl - carbamic ether. Amido- 
earbanilic acid. [74°]. Formod by reducing 
p-nitro-phenyl-carbamio ether (Hager, B. 17, 
2026; Behrend, A. 233, 10). Needles (from 
dilute alcohol); insol. water. 

Salts.—B'HCl: long needles.—B'H.SO,.— 
B'HjCjO, : needles, sol. hot water, si. sol. cold 
water.—BVH 2 PtCl„: brown pp.-(B'HCl).SnCl.. 
B' 2 SnCl 2 aq.—(B'HCl) ,HgCl„. 

Benzoyl derivative C 8 II 4 (NHBz).NH.C0 2 Et, 
[230°]: needles; si. sol. alcohol, insol. water. 

Di-p-amido-di-phenyl-carbamic ether 
(C s H 4 .NH.),N.C0. 4 Et. Di-p-amulo-di-phenyl- 
amine urethane. [101°]. Formed by reduction 
of di-p-nitro-di-phenyl-carbamic-ether. Violet 
needles (+ aq). Soluble in water. 

Di-benzoyl derivative 
(C 8 H 4 . N HB z) 2 N. C O 2 E t [235°]: nearly colourless 
amorphous solid (Hager, B. 18, 2576). 

DI-AMIDO-DI-PHENYL-CARBINOL 
C„H, 4 N 2 0 i.c. C,H ( (NH..).CH(OH).C u H ( NH 2 . 
{P)-Di-amido-bmzhydrol. [128°-129°]. From 
(/3)-di-amido-benzophenone [149°] and sodium 
amalgam (W. Staedel, A. 218, 350). Glittering 
plates. Salt s.—B"2HC12aq.—B"H 2 S0 4 2aq. 

Acetyl-derivative. [220°]. 

Di-amido-tri-phenyl-carbinol C, s H, 8 N 2 0 i.e. 
0ja i C(0H)(C,H,NH .,) 2 [below 100°J. 

Formation. — By the action of aniline 
in presence of H 2 SO, upon the chloride 
C,H S .CC1.C 8 H 4 .NH. 


Tri-amido-tri-phenyl-earblnols v. BoSju nun. 
DI. AMIDO . TEX . PHENYL . CABBIN0L 
CARBOXYLIC ANHYDRIDE O tt H„N ] O s U. 
(C,H 4 NH 2 ) ! C.C,H,.CO.O. [265°-266°]. Small 

colourless needles. Is prepared by heating 
phenolphthalein with aqueous NK,. Gives a 
tctra-bromo-dcrivative [280°], and a tetra-acetyl- 
tetra-bromo-derivative [241°] (Baever a. Burk, 
hardt, B. 11,1297). 

JAMIDO-DIPHENYL CARBOXYLIC ACID tv 

Amido-dipitenio acid. 

DI - AMIDO - DI - PHENYLENE KETONE 
OXIDE (so called) C„H ln NA i.e. C.AfNHJA. 
Lactoneofoxy-di-amido-diphenylcarboxylic acid. 
From the nitro compound by Sn and HC1 (A. G. 
Perkin, O. J. 43, 190). Orange needles (from 
xylene). Vory slightly soluble in boiling water. 
Ruby prisms (from dilute alcohol). 

Salts. — Forms two hydrochlorides. — 
(B"HCl)„PtCl 4 .—B"(2HCI)PtCl.. 

AMIDO-PHENYLENE OXIDE C,H s NO i.e. 
C,H 2 (NH 2 )0 (?). Di-amido-di-phenylcne di¬ 
oxide. From nitro-phenylene oxide by alcoholic 
ammonium sulphido (Marker, A. 124, 251). Yel¬ 
low needles, si. sol. water, v. sol. hot alcohol.— 
B'jHjPtCl,. 

DI-AMIDO-DIPHEN YLENE-QUIN OX ALINE 

■N.O.C.H, 


C,H 2 (NH 2 ) 2 ; 




Formed by the action 


Preparation. —From aniline hydrochloride 
(40 pts.), nitrobenzene (45 pts.), bcnzo-trichloride 
(40 pts.), and Fe at 180°. C„H,CC1 S + 20,11,Nil, - 
C # H i CCl(C,TI 1 NH,), + 2IICl. ' The mass'is ex¬ 
tracted with dilute HC1 (which leaves some 
blue colouring matters undissolved) and the 
nitro-benzene is distilled off by steam (Doebner, 
B. 15, 234; A. 217, 242), 

Properties. — Small crystals (from dilute 
alcohol). Insol. in cold water; v. sol. alcohol 
or benzene, On heating with Mel it gives 
malacfiite green. * 

Salts.—Dilute acids dissolved in the cold, 
forming nearly colourless solutions which on boil¬ 
ing (split off water and) change to deep reddish- 
violet. The salts dye violet, but tho shades are 
not<ast. The coloured salts are probably of the 

formO.H,C<°‘^**» This 8aU form8 dark 

|_/'Cl 

blue ®eedleB with coppery lustre. 

Reaction. —Zinc duBt and HC1 reduce it to 
di-omido-tri-phenyl-methane ( 3 . v.). 


!\ i -. . 

\N.c.c 6 n 4 

of phenanthraquinone upon tetra-amido-benzene 
[1:2:4:5]. Orange-yellow needles. Nearly insol. 
acetio acid. Weak base. Dissolves in cone. 
H 2 S0 4 with a greenish-blue colour, passing 
through violet into red on dilution (Nietzki a. 
Hagen bach, B. 20, 338). 

AMIDO-PHENYLENE-UREA C 7 H 7 N 3 0 t*. 

0 C <™>C S H S (N H 2 ) [1:2:4],'Formed by re¬ 
ducing di-nitro-phcnyl-urothano with tin and 
IICI (Hager, B. 17, 2631). 

Salts. — B"H 2 SnCl 4 : long needles. — 
B''C 8 H„(N0 2 ),0H: greenish-yellow needles. 

o-AMIDO-PHENYL-ETHANE C„H„N i.e. 
C 8 H,(NH 2 ).CH 2 .CH, [1:21. o-Ethyl-phenyl- 
amine. o - Amido - ethyl - benzene. (211°). 
S.G. --983. From o-nitro-phenyl-ethane, tin, 
nnd IICI (Bcilstein a. Kuhlberg, A. 166, 206). 
Liquid at -10°. Salt.—B'HNO,. 

Acetyl derivative C s H 10 AcN. [112°]. 
(305°). 

Benzoyl derivative C,H, 0 BzN. [147°]: 
small glittering plates (Paucksch, B. 17, 2800). 

o-Amido-phenyl-ethane sulphonic acid 
C 8 H,Et(NH 2 ).SO,H. Formed by sulphonation of 
the acetyl derivative. White needles (P.). 

Amido-phenyl-ethane C„H,(NII ,).CH 2 .CH, 
[1:4]. p-Ethyl-phenyl-aminc. 1 Phenethylamine.' 
[-5°]. (214°). S.G. M -975. From p-nitro- 

phenyl-ethane by reduction (B. a. K.) or from 
aniline tty heating with ethyl alcohol and 
ZnCl 2 (Benz, B. 15, 1647). Formed also when 
ethyl-aniline hydrochloride is heated at 300° 
(Hofmann, B. 7, 626). Colourless oil; volatile 
with steam. Salts.—"B'HNO,: small needles 
or prisms, si. sol. cold, v. sol. hot, water.— 
B'JIjSO,: large white plates, si. sol. cold water, 
m. sol. cfilute H,S0 4 .—B'HCl.—B'^PtCl,. 

Acetyl derivative C 4 H 4 (NHAo).C 2 H r 
[95°]. (816°). 
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, s-Btnioyl derivative CjBLfllHBzJCLH,, 
[lSl 0 ] : long needles (P.). 

rc-Amido-phenyl-ethane C < H 1 .CB 2 .CH 3 .NH I . 
[ 198 °]. Phmylethyl-amine. 

Formation.—1. By dry distillation of a-amido- 
phenyl-propionio acid (q. v.) (Sohulze a. Barbieri, 
J. pr. [2] 27, 34C; Erlenmoyer a. Lipp, A. 219, 
202).—2. By action of zinc and HC1 upon the 
cyanhydrin of benzoic aldehyde, or upon 
amygdalin (Fileti, B. 12, 297, 1700).—3. My 
action of bromine on an alkaline solution of 
phenyl-propionamide (Hofmann, B. 18 2740). 

Preparation. — By reducing an alcoholio 
' solution of benzyl cyanide with zinc and HC1 
(Bernthsen, A. 184, 290), di-phenylothyl-amine 
(C,H 5 .CH,.CII„)»NH, and tri-phenylethyl-amine 
(C,H S CH. J CH.,).,N, being also formed (Spica, O. 
1875, 124; 1879, 566). 

Properties. —Liquid; el. sol. water. Absorbs 
CO„ from the air, being converted into a solid 
carbonate .[105°], out of which, on heating, 
another carbonate, [88°], sublimes. Oxidised to 
benzoic acid by chromic mixture. 

Salt s.—B'HCl, (217°): trimetrio tablets (from 
cold alcohol) or satinyplates (from alcohol-ether): 
v. sol. alcohol or water, insol. ether.—B' 2 H 2 PtCl a ; 
more soluble in hot water than in hot alcohol. 

Di-amido-di-phenyl-ethane v. Di-amido-di- 

BENZYL. 

u-AUIDO-TBI-PHENYL-ETHANE C S0 H„N 
i.e. CPh,.CH 2 .NH 2 . [116°]. From tri-plienyl-aceto- 
nitrile by reduction with zinc and HC1. Crystals; 
v. sol. ether, si. sol. cold alcohol. The hydro- 
ohlorido forms needles, [247°],v.si.sol. water, 
v. sol. alcohol (Elba, B. 17, 700). 

ADUDO-PHENYL-ETHYLENE v. Amido- 
btyhene. 

Di-pamido-di-jrhenyl-ethylene G M H,,N 2 i.e. 
C 2 H 2 (C,H 4 .NH 2 ) 2 . Di-amido-stilbene. [227°]. 

Formation.— 1. By reduction of di-p-nitro- 
di-phenyl-ethyleno with tin and HC1.—2. By 
reduction with SnCl, of the brownish-red pro¬ 
duct of condensation (azoxy-di -plienyl-ethylenc ?) 
obtained by the action of sodium methylato or 
alcoholio NaOH upon p-nitro-toluene. 

Reactions. —By nitrous acid it is converted 
into a tetrazo-compound which by combination 
with the sulphonic acids of amines and phenols 
yields a scries of colouring-matters which dye 
cotton from a soap bath. Thus (a)-naphthol- 
sulphonio acid gives a bluish-violet,(jS)-naplithol- 
(R)-di-sulphonic acid a blue,(a)-naphthylamine- 
■ulphonio acid a red, and salicylic acid a 
yellow, colouring-matter. 

Di-acetyl derivative C 2 H 2 (C„H 4 .NHAo) 2 : 
[312°] (Bender a. Schultz, B. 19, 3234). 

Bi-p-amido-di-phenyl-ethylene - di-oarboxylic 
C.H,(NH 2 ).C.CO 

anhydride || >0. [280°]. Formed 

C t H 4 (NH 2 ).C.CO 

by reduction of the nitro compound (Reimer, 

B. 14,1802). Small plates. Insol. most solvents. 

Bi-p-amido-di-phenyl-ethylene - di - sulphonic 
aoid C a H 2 (C a H.,(NH 2 )S0 8 H) 2 . Di-amulo-stilbcne- 
di-snlphonic-acid. Obtained by reduction with 
zinc-dust of the brown product (azoxy- or azo- 
di-phenyl-ethjlene-di-sulphonic acid?) which is 
formed by boiling p-nitro-toluene-o-sulphonic 
acid C,H s Me(NH 2 )S0 3 H [1:4:2:] with aqueous 
NaOH, Mierosoopic needles. Nearly insol. 

. Von. I. , 
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water. It* salts are easily soluble. By nitrous 
acid it is converted into a tetrazo-compound 
whioh by combination with amines or phenols 
gives colouring-matters which have the property 
of dyeing cotton from a soap bath (Bender a. 
Schultz, B. 19, 3234). 

o-AMIDO-PHENYL-GLYOXYLIC ACIB v. 

ISATIO ACID. 

m-Amido-phenyl-glycxylic acid C,H,NO, i.e 
C a H,(NH 2 )CO.C0 2 l? [1:3]. Colourless prisms or 
needles. [270°-280° with decomposition). Pre¬ 
pared by reduction of m-nitro-phenyl-glyoxylio 
acid with alkaline FeSO,. 

Salta.—A'Ag: sparingly soluble crystalline 
powder.—C„H,NO,.HCl: soluble flat prisms 
(Claisen a. Thompson, B. 12, 1946). 

p . AMIBO - s - BI - PHENYL - GUANIDINE 
m-CARBOXYLIC ACID C M H„N,0 2 i.e. 

[1:4] NH 2 .C t H 4 .NH.C(NH),NH.C,H 4 .C0 2 H. 
Amido-phenyl-bcnzglycocyamine. Prepared by 
heating cyano-carbimido-amido-benzoio acid 
(v. p. 167) with p-phenylene-diamine (Griess, B. 
16,338). Small prisms. Salt.—B''II 2 C1 2 . 
p-amido-s-di-phenyl - guanidine o-carboxylio 

acid. Anhydride H J N.C,H 4 .NH.C<^J I [3 ( ^ ) *> 

I Amido-phenyl-benzglycocyamulinc. Formed by 
[ boiling di-eyano-amido-benzoyl (v. p. 155) with 
an aqueous solution of p-phcnylene-diamine 
(Griess, B. 18, 2421). Very small white needles j 
v. sol. hot wator, m. sol. alcohol. 

AMIDO-PHENYL-HYDROXIDE v. Aumo- 

PHENOL. 

m-AMIDO-PHENYL-HYDHAZINE C,H,N, i.e. 
C,H,(NH 2 ).NH.NH 2 Formed by saponification 
of tho oxamio acid C a H 4 (NlI.C 2 0 2 .0H).NH.NH, 
which is obtained by reduction of m-diazo- 
phenyl-oxamio acid C a H 4 (NH.C 2 0 2 .0II).N 2 Cl 
with SnCl 2 (Griess, B. 18, 964). V. sol. aloo- 
hol and ether, si. soi. water. Very oxidisable. 

Amido-phenyl-hydrazine sulphonic acid 
C 8 H,(NH 2 )(N 2 H s )(S0 a H) [3:1:6]. Formed by 
reduction of nitro-phenyl-hydrazino sulphonic 
acid with NH,HS or SnCI 2 (Limpricht, B. 18, 
2194). Very soluble in water. Salts:—A'H.HCl 
easily soluble fino white needles.—A'HH 2 S0 4 : 
microscopic needles.— “A'H.HNO,: prisms. 
AMIDO-DI-PHENYL-KETONE v. Amido- 

DENZOrilENONE. 

o-AMIDO-PHENYL-MEECAPTAN 

C s H,NS i.e. C a H,(NII.,)(SH). Amido-phenyl- 
sulphydrate. [26°]. (234°). 

Formation.— 1. By fusing bcnzenyl-amido- 
plienyl-mercaptan (g. v.) with potash (Hofmann, 

B. 12, 2363).—2. Anhydro-oxalyl-amido-phenyl. 
mercaptan (easily prepared from acetanilide and 
sulphur) is fused with potash (3 pts.). «mh » y ieid 
is nearly theoretical (Hofmann, B. 137 1230).’ 
Colourless needles, very easily oxidised. It 
forms products of condensation with acids, 
aldehydes, and nitriles; thus acetic acid, acetyl 
chloride, acetonitrile, and aldehyde each pro¬ 
duce ethenyl-amido-phenyl mercaptan (q. 9.) 

C, H,<^C.CH 1 . 

p-Amidodiphenyl-mercaptan 
[1:4] H 2 N.C,H ) .C,H ( .SH [1:4], Prepared bjs re¬ 
ducing p-nitro-diphenyl sulphochloride with tin 
and HC1 (Gabriel a. Damberger, B. 13,1410). 
Salt. —B'HCl: small glittering prisms. 

N 
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AMID0-FHENYL-METHANE «. Totottw* 

m-Amido-di-pheuyl-methane 0|,H„N *.«. 
£yi,.CH 2 .O t H 4 .NH 2 . [46°]. Formed by reducing 
st-nitro-di-phenyl-methane (Becker, B. 16,2002). 

Acetyl derivative. [91°]: pearly plates. 

p-Amido-di-phenyl-methane. [25°]. Formed 
by reducing p-nitro-di-phenyl methane with tin 
and HC1 (Basler, B. 16,2718). The sulphate is 
* 1 . sol. cold water. 

di-amido-di-phenyl-metbane C„H 10 (NH 2 ) 2 . 
(85']. Formed by reducing (o)-di-nitro-di-phenyl- 
methane (Doer, B. 5, 795). Pearly plates; si. 
sol. water (Practorius, A. 194, 348). The 
sulphate is v. si. sol. water. 

Tetra-amido-4i-phenyl-methane C|jH s (NH 2 ) 4 . 
[161°]. By reduction of the nitro compound 
[172°] (Staedel, A. 218, 341). White needles 
(from benzene). M. sol. water, si. sol. benzene. 

Acetyl derivative C„II,(NHAc) 4 . Crys¬ 
talline powder. V. si. sol. water; m. sol. alcohol. 

Amido-tri-phenyl-methane C, B H„N i.e. 
CHPh a .C t H..NH, [84“]. Prepared by heating 
aniline hydrochloride with di-phenyl-carbinol 
and ZnClj at 180° (Fischer a.ltoser, 11. 13, 674; 
A. 206, 155). Prisms or plates. Is a weak 
base. The benzene compound (C„H„NC B H S ) 
forms long colourless needles. Salts.—B'HCl: 
needles, si. sol. water.—BTI.PtCl,. 

Di-amido-tri-phenyl-methane 0„H ls N s i.e. 
C,H,.CH(C < H 4 NH, i ) 2 . [139°]. 

Formation. —1. From benzyhdone chloride, 
aniline, and zinc dust (Bottinger, B. 12, 976).— 
2. From di-amido-tri-plienyl-carbinol by re¬ 
ducing with zinc dust (Pocbner, A. 217, 246; B. 
15, 236).-3. By heating aniline hydrochloride 
with benzoic aldehyde and fuming HC1 (Maz- 
zara, 0. 14, 510). 

Preparation.—A mixture of bonzaldehyde 
(10 pts.), aniline sulphato (28 pts.), ZnCh (20 
pts.) and a little water, is heated on a water 
bath for several hours, the fused mass is boiled 
with dilute H,SO t , diluted, filtered, and the 
base precipitated with NH 2 ; yield 80 p.c. of the 
theoretical (Fischer, B. 15, 676). 

Properties — Colourless crystals (from ether) 
[189°]. Prisms containing benzene of crystal¬ 
lisation (from benzene) [106°]; at 120 ° the 

benzene goes off. V. si. sol. water, sol. alcohol 
or ether. , 

Additional References.- C. Bottinger, B. 11, 
276, 840; 13,958; O. Fischer, A. 206,147,153; 
B. 13, 665. „ „ „ . 

Tri-amido-tri-phenyl-methane C„,H,„N, i.e. 

CH(C,H t .NHj [1: 4]),. Para-leucaniline. [148°]. 

Formation.— 1. By reducing tri-nitro-tri- 
phenyl-methane with zino dust and glacial 
acetic acid (O. a. E. Fischer, A. 194, 272). 2. 
B*£»'-aoing para-rosaniline (Hofmann, Pr. 12, 
9 ).—3. By reducing niiro-di-amido-tri-phenyl- 
methane, prepared from aniline hydrochloride, 
p-nitro-benzoio aldehyde and ZnCl 2 (Fisoher a. 
Greiff, B. 13, 670 ; Fischer, B. 15, 678). 

Properties.— Colourless plates. Readily con- 
'Verted by oxidation into para-ltosANiLiNK (q.v.). 

Salts.- B"'HjCl s aq ; short prisms, si. sol. 
alcohol, ether, and HClAq.—The sulphate 
forms needles, v. sol. water, si. sol. alcohol, 
insol. ether.—The oxalate forms prisms, v. 
sol. water.—The platinoohloride forms 
sparingly soluble short needles. 

Tri-acetyl derivative [177°]. Thin 


tables! when oxidised by 8*0r,0, and aootie 
acid it gives tetra-aoetyl-para-rosaniline. 

Tri-bentoyl derivative [149°]. Colour¬ 
less needles; sol. alcohol, v. si. sol. water,ether, 
and benzene (Renouf, B. 16, 1301). 

m-p-p-Tri-amido-tri-phenyl-me thane 
[1:3] H 2 N.O a H 4 .CH(C,,H 4 .NH 2 [l:4]) 2 . Pseudo- 

leucaniline. [150°]. Obtained by reduoing m- 
nitro-di-p-amido-tri-phonyl-methano (Fischer, B. 
13, 673). Colourless crystals; sol. alcohol, si. 
sol. ether or benzoline. Crystallises with benzene 
in white needleB of [145°]. Gives, ■ 

on oxidation, a violot colouring-matter. 

Salt a.—B-'"31I,PtCl,: yellow crystalline pp., 

V. sol. water, m. sol. alcohol. 

o-jj-n-tri-amido-tri-pheny 1-methane 

[1:2] H,N.C„H 4 .CH(C„H 4 NH 2 [1:4]) 2 . [165°]. 

Formed by reduction of the o-nitro-di-p-amido- 
tri-phenyl-methane obtained by heating o-nitro- 
benzoic aldehyde with aniline sulphate and 
ZnCl r Small crystals. On oxidation it gives a 
brown colouring matter. 

Salts.—B"'H a Cl 3 : colourless easily soluble 
needles. The sulphato forms small quad¬ 
ratic tables, v. sol. water, si. sol. alcohol. The 
oxalate forms small soluble needles (Renouf, 
B. 16, 1304). 

AMID0-FHENYL METHYL KETONE V. 

Amido-acetophenonk. 

p-AMIDO-DI-PHENYL-METHYL-FYBAZOL* 
CARBOXYLIC ACID C„H, s N,,0 2 i.e. 

N---NPh 

C b H,(NII.,).C.C(C0 2 H):CMo [251°]. Formed by 
reduction of p-nitro-di-phenyl-methyl-pyrazol- 
carboxylic acid witli SnCI 2 (Knorr a. Jodicke, 
B. 18, 2259). Crystalline powder. Sol. alcohol, 
ether, acids, and alkalis, imSjl. water. It evolves 

CO., at its melting-point. _ 

m- AM IDO-(P)/. 3) -F HENYL- (Py. 2) -METHYL 
QUINOLINE CIRCMe 

C,.H,,N S i.e. C„H 4 C | w 

“ \N : C.C s H 4 (NH 2 ) f 

[115]. Obtained by reduction of m-nitro-phenyR 
methyl-quinoline with tin and HC1 (Miller a. 
Kinkclin, B. 19, 533). Prisms. Very soluble in 
alcohol and benzene, tolerably in ether. Has no 
dyeing power, although it is isomerio with 
flavaniline. By further reduction with tin and 
HC1 it yields a tetrahydrido. 

Salts.—The mono-acid salts are yellow, the 
di-acid colourless.—B"H 2 Cl 2 2aq: easily soluble 
glistening prisms. B"H 2 Cl 2 PtCl 4 2aq: orange 
tables.—B"H.Cl 2 PtCl 4 : concentrio yellow plates. 
m-Amido - (By. 3 )-phenyl .{Py. 2). methyl- 
,CH 2 .CHMe 

tetrabydro-quinolin. ^ ^ 

Formed by reduction of amido-phenyl-methyl- 
quinoline with tin and HC1. 

Di-acetyl derivative 0, a H 4 ,N 2 Ao 2 . [178 ]• 
Thin colourless prisms; sol. hot alcohol. 

p-Amido - (Py. 8 ) - phenyl - (Py. 1) - methyl- 

quinoline v. Flavanixine. _ 

a nm wi. PHENYL-HYDRO-QUINOLINE V. 
Amido-phenyl-quinoline. 

p-AMIDO-PHENYL-OCTANE 0,M u 
H 2 N.0„H j .C,H„. Capryl-phenyt-amme. Plm- 
capryl-amine. (291° oorr.). Formed by hoaBng.a 
mixture of aniline, oapryl alcohol, and AnOl, ft* 
280°. Or by heating aniline hydroohlofide ana 
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etpryl aloohol at 2Q0°-<290 o (Beran, B. 18,189). 
Fluid at -20°. Colourless oil 

Salts.—B' jHjSO,: v.sol.hot water, v.si.sol. 
oold.-B'jHjCjO,: small plates, v. sol. alcohol and 
hot water, si. sol. cold water. 

Benzoyl derivative C l( H„.NHBz. [109°]. 
Slender felted needles, v. sol. alcohol and ether 
when hot, si. sol. when cold. 

o-Amido-phenyl-octane. From the nitro¬ 
compound (Ahrens, B. 19, 2725).—B' 2 H 3 SnCl # . 

p-Amido w-phenyl-n-octane. [19-5°]. (311° 

Cor.). From M-octyl alcohol, aniline, and 
ZnCl, (B.).-B'HC1.-B' 2 U 2 H0,.-B' 2 H 2 C 2 0 ( . 
Formyl derivative. [56°]. 

Acetyl derivative. [93°]. 

Benzoyl derivative. [117°). 
AMIDO-OPIANIC ACID C, 0 H„NO S f.e. 
C,H(OMe) 2 (NH.J(CHO)(C0 2 II) [6:5:3:2:1]. Di - 
metnoxy-amido-aldchydo-benzoic acid. From 
nitroso-opianic acid, find., and HC1. Crystalline. 
Balt.—HA'HCl: needles, decomposed by water. 

Beactions. —1. Baryta-water give a blue-violet 
colour.— 2 . l’ed, ; gives a green colour in solu¬ 
tions of NH,A'. - 3. Hot Ac 2 0 gives granules of 
C-.H^jO,, [233°) (Kleemann, B. 20, 870). 

' DI-AMIDO-DI-FHENYL OXIDE C, 2 II, 2 N 2 0 
i.e. (C,H,.NH 2 ) 2 0. [185°]. From the nitro 
oompound (llotlmcister, A. 159, 208). The 
sulphate forms slender needles. 

AMIDO-PHENYL-PENTANE v. Amido-amyl- 

BENZENJ5. 


TEI - AMIDO - TRI. PHENYL - PHOSPHINE 
OXIDE 0 1H II 19 N 3 r0 i.e. OP(C, l ]r,.N(L) n [259°). 
Obtained by reduction of tri-nitro-tri-plienyl- 
phosphine-oxide (Michaelisa. Soden.B. 17,923). 
White prisms. Soluble in hot water, hot alcohol, 
and acotone, sparingly in cold water, cold alcohol, 
and ether. Its salt? are very soluble in water. 

Tri-acetyl derivative 
OP(C,H,.NIIAc),aq. [188°], colourless crystals. 

Tri-benzoyl derivative OP(C,H 4 .NHBz), 
[0.180°], crystalline powder. 

91 ■ AMIDO - DIPHENYL - PHTHALIDE 


OkH.jNjO, i.e. 


o.h/ 


■Cy (0,H,NH 2 ) 2 . 
\r 


Lactone of di-amido-tri-phcnyl-carbinol carbo¬ 
xylic acid. [180°]. Tables. Prepared by 
reduction of dinitro-diphenyl-phthalide. By the 
action of HNO„ it gives phenol-phthalein (Baeyer, 

B. 12, 642; A. 202, GO). 
AMIDO-FHENYL-PIPERIDINE O u H„N 2 i.e. 

C. NH, 0 .C t H t .NH 2 . [40°]. Formed by reduction 
of the corresponding nitro-compound [105°] with 
SnCl, and HC1.—B"H 2 CLaq: largo colourloss 
Crystals (Lelimann, B. 20, 681). 

O-AMID0-3-PHENYL-FR0PANE C„II IS N i.e. 
HjN.OjH^dtL.CHj.CHj. Amido-propyl-bntzene. 
Propyl-phcnyi-amine. Phenpropylamine. (225°). 
From aniline, ZnCl. 2 ,and propyl alcohol tit 270° 
(Louis, B. 16, 105 ; Franckscn, B. 17, 1220). 
Liquid, volatile with steam ; v. si. sol. water. 
Salts; B'HCl: lamime, (204°].—»B'..U 2 PtCl s .— 
B'HBr. [213°].—B'HI.— B' 2 H 2 SO, : faminm, si. 
aol. oold water.—B' 2 H 2 C. 2 0 ) ; si. sol. cold water. 
Acetyl derivative C,H,jAoN. [87°). 
Benzoyl derivative C,H ls BzN. [116°]. 
n-Amido-a-nhenyl-propane 
HjN.OjHj.CHfOHjJ.CH,. Amido - isopropyl- 
benzene (217°). Similarly prepared from iso¬ 


propyl alcohol (In). Liquid, iL aol. water. 
Salts: B'jHjSO,: si.sol.ooldwater.-B'^O.O,. 

Benzoyl derivative [116°]: laminES. 

See also Cuusdinb and Phenyl-fbopyl- 
AUINE. 

o - AMIDO ■ PHENYL ■ FK0PI0LIC ACID 

C,H.N0 2 i.e. C 8 H,(NH 2 ).CiC.C0 2 H. 

Preparation. —An ammoniacal solution of 
o-nitro-phenyl-propiollc acid is slowly added to 
a cold solution of FeSO, (11 pts.) saturated with 
NH,; after 1 or 2 hours’ standing the mixture is 
filtered and the amido-acid ppd. from the filtrate 
by adding HC1 in slight excess; yield : 05 p.o. 
of the nitro-acid used (Richter, B. 16, 679). 

Properties. — Microscopic needles. Soluble 
in alcohol, sparingly in ether, nearly insoluble 
in water, benzene, chloroform, and ligroine. 
Dissolves in aqueous acids. Decomposes on 
heating to about 125° and on boiling with water, 
in the latter case forming o-amido-acetophenone 
and C0 2 . By boiling with NaOII and then 
adding HC1 a splendid red colour is produced. 

Salt.—A'Ag* : insolublo pp. 

Ethyl ether A'Et—[55°) needles (Baeyer a. 
Bloem, B. 15, 2147). 

a - AMIDO - a - PHENYL - PROPIONIC ACID 

C,H„N0 2 i.e. CHj.C(C, i II s )(NH 2 ).C0 2 H. Amido- 
hydro-atropic acid. From the nitrile by treat- 
mentwith IIC1 (Tiemann a. Kohler, B. 14,1981). 
Feathcr-like, satiny, needles. Sublimes about 
260°. V. e. sol. water, insol. alcohol and other. 
Converted by nitrous acid into atrolactic acid. 

Nitrile CH 3 .CPh.(NH ? ).CN. Yellow oil. 

0-Amido-a-phenyl-propionic acid 
CH 2 (NH. 2 ).CH(0 # H j ).C 0 2 H. [169-5°]. A product 
of action of cone. NH s Aq on fi-bromo-a-phonyl- 
propionic acid (Fittig a. Wurster, A. 195,158; 
Mcrling, A. 209, 11). Plates (from water). Si. 
sol. cold water. 

o-Amido-a-phenyl-propionic acid. Anhydride 
or lactam [119°]. Atroxindol. 

Formed, instead ol the acid, by reducing 
CjHjfNOJ.CHMe.COjH. Needles (from dilute 
HC1). SI. sol. cold water, forming a neutral 
solution; sol. alcohol and ether. When quite pure 
it has a pleasant smell. Slightly volatile with 
steam. It dissolves in alkalis but is reppd. by 
C0 2 (Trinius, A. 227, 274). 

p-Amido-n-phenyl-propionic acid 
CH,.CH(C,H 1 NH.,).C0 2 H. [128°]. Fromnitro- 
hydro-atropio acid, Sn and HC1 (Trinius, A. 
227,267). Salt.—HA'HCl; needles; v.sol.water. 

a-Amido-/3-phenyl-prapionio acid C,H„NO l 
U C,H 1 .CH 2 .CH(NH 2 )C0 2 H. 

Amido-hydro-cinnamic acid. 

Occurrence.— In the radicles of germinating 
lupin seeds, together with other amiA-v^cids. 
Forms about 1 p.o. of the dry seed. The mixtuW’ 
is heated with cupric hydrate and filtered, tho 
acid is isolated from the residue by treatment 
with HjS and subsequent evaporation (Schulze 
a. Barbieri, J.pr. [2] 27, 342; B. 14,1786). 

Formation.—From its nitrile by HC1 (ErleiS 
meyer a. Lipp, A. 219,194). The acid formed 
in this way iB perhaps not identical with that 
in lupin Beeds. An amido-phenyl-propionic acid 
identical with that in lupin seeds ooours among 
the products of the decomposition of proteids by 
HC1. It melts at [275°-280°] and is optically 
active, while the acid from phenyl-acetic able- 
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hyde melts at [263°-26fl°] and ii inactive (Schulze 
a, NSgeli, U. 11, 201). 

Properties. —Glittering, anhydrous, plates 
(from hot saturated solutions); groups of slender 
needles, containing aq (from dilute solutions) 
(S. a. B.). Satiny plates (from alcohol); short 
anhydrous prisms or stars (from water) (E. a. L.). 
Sweet taste. Neutral reaction. M. sol. water, 
v. si. sol. alcohol, insol. ether. Small quantities 
may bo sublimed. Gives n<^ colour with Millon’s 
reagent. 

Salts.—CuA'.j: insol. water (S. a. B.).— 
CuA' 2 2aq: rosettes of small blue prisms (E. a. 
L.).— AgA'. -HA'HCl: prisms or stars; v. sol. 
alcohol or water, insol. cone. HCI.— 

(HA'HCl) ..PtCl,.—HA'HNO,.- (HA'),H 2 SO,. 

Reactions. —1. With K,Cr 2 0, and H..SO, gives 
off odour of benzoic aldehyde, and ultimately 
forms benzoic acid.—2. When heated it cakes 
together and at about 270° it melts giving off 
C0 2 , HO, and ezo-amido-phenyl-ethane (q. u.); 
the residue may be crystallised from alcohol, it 
melts at [280°] and has the formula C 8 H.jNO. 
From the behaviour of the analogous amido- 
propionic acid, we may suppose this body to be 
phenyl-lactimide. - 3. By putrefaction it gives 
phenyl acetic acid. 

Nitrile. C„H,,.CH,.CH(NH ; ).CN. From the 
compound of HCN with phenyl-acetic aldehyde 
by heating with alcoholic NH, at 100° (Erlen- 
meyer a. Lipp, A. 219,189). Small crystals. 

Salts.—B'HCl: trimetric prisms; v. sol. 
alcohol, insol. ether, v. e. sol. water. 

Anhydride or lactam C,H,NO or 

CuH^NjOj i.e. Ph.CH.CH<^Q> or 

Ph.CH 2 .CH<^£>CH.CH 2 Ph. 

Phenyl-lactimide. [291°]. A by-product in 
the conversion of the acid into amido-phenyl- 
ethane by the action of heat. Very slender 
Bilky needles (from alcohol) forming an electric 
powder. May be sublimed as woolly needles. 
V. si. sol. water, HC1, or KOHAq; insol. ether ; 
al. sol. glacial acetic acid. 

/3-Amido-/B-phenyl-propionic acid 
C e H..CH(NH,).CII,.CO,H. 

fi-Amido-hydro-cinnamic acid. [121°]. From 
0-bromo-$-phenyl-propionic acid and cone, 
aqueous NIIj at 0 5 (Posen, A. 195, 141; 200, 
97). Large monoclinic crystals (from water); ; 
m. sol. cold water, v. sol. alcohol, v. si. sol. ether, i 
Boiling HCI Aq splits it up into Nil, and cinnamic 
acid. Sait.—B'HCl; prisms, v. sol. water. 

Anhydride or lactam 

C # H v CII<™->CO. Phenyl-lactimide. [147°]. 

Fqipwul, instead of a sulphate, when the acid is 
added to HSO, (1 vol.(‘diluted with water (1 
vol.). Needles, insol. cold water, m. sol. hot 
water, alcohol, or ether. Is not reconverted 
into the amido acid by prolonged boiling with 
water. 

* o-Amido-S-phenyl-propionie acid 

Anhydride or focfam C,H B NO i.z. 

„ H . ca N nr r „ ^N:C(OH) n 

C « H *<CH 2 .CHj> or c * h *<ch 2 .ch 2 > 
Hydro-carboslyril. Di ■ hydro - (Py. 3) - oxy - 
quinoline. [ICO 0 ]. Formed, instead of the amide 
acid, when o-nitro-8-phcnyl-propionio acid is 
reduced by tin and HCI (Glaser a. Buchanan, Z. 


1869, 194). Frisms; v. si. sol. w&tei ▼. sot 
alcohol, ether, and warm cone. HOlAq. May bs 
distilled. PCI. at 140° converts it into di-ohloro- 
quinoline. 

Ethyl derivative C„H,N(OEt). [199°]. 
Formed by reducing the ethyl derivative of 
carbostyril with sodium amalgam (FriedlSnder 
a. Ostermayer, B. 15, 335). Silvery plates. 

m-Amido-S-phenyl-propionic acid 
C e H 4 (NH 2 ).CH 2 .CH r CO, 2 H. m - Amido - hydro ■ 
cinnamic acid. [85°]. Formed by reduction of 
w-nitro-S-phenyl-propionic acid with tin and 
HCI (Gabriel, B. 15, 846). Colourless crystals. 
V. sol. water, alcohol, and ether. Sal t.—A'HHCl: 
colourless needles or scales. 

p-Amido-jS-phenyl-propionic aoid 
C„H,(NH 2 ).CH 2 .CH 2 .C0 2 H. p -Amido - hydro - 
cinnamic acid. [131°] (Glaser a. Buchanan, 
Z. 1869, 195). Prepared by reduction of p- 
nitro-phenyl-propionio acid with FeSO. and 
SH, Salts .—B'HCl.—B' jHjSO,. 

Acetyl derivative 

CJl,(NHAo)C a H,.CO..H. [143°]. Long odour- 
less needles or short prisms. Sol. alcohol and 
ether, insol. CS 2 (Gabriel, B. 15, 843). 
a-j3-di-amido-j8-phenyl-propionio aoid. 
Anhydride or lactam 

e„H i .CH.CH(NH i ).CO 

Nil-—' - 

a-Bemoyl derivative 
C # H,.CH.CH(NHBz).CO 
Nil 


[187°]. Formed by 


heating benzoyl-imido-cinnamio aoid, 
C„H J .CH.CH.C0 2 H 

\/ , with Btrong aqueous NH,. 

NBz 

Glistening needles or prisms; sol. hot alcohol 
and acetic acid, si. sol. ethos, insol. water, dilute 
acids and alkalis. By boiling with HCI it loses 
NHj giving the benzoyl derivative of a-amido- 
cinnamic acid (PIoclil, B. 17,1616). 

o-n-di-amido-8-phenyl-propionic acid 
C s H,,N,0 2 aqf.e.C B H l (NH 2 )Cn i .CH(NH,)C0„Haq 
[245° 250°]. p-Amido-piicnyl-alanine. Got by 
reducing p-nitro-a-amido-pbonyl-propionio acid 
(Erlenmeyera. Lipp, A. 219,219), or by reducing 
a-p-di-nitro-cinnamic etlier and saponifying tho 
I product (Friedlander a. Miihly, B. 16, 852; A. 
229, 226). Silky needles (from water), si. sol. 
alcohol, insol. ether. Neutral; lias a sweet 
taste, lieduces salts of gold and silver. Does 
not give Hoffmann’s mercury reaction [A. 87, 
124). Gives oil no Nil, when boiled with KOH. 
Converted by nitrous acid into tyrosine. 

Salts. — IIA'?HC1. — llA'li.l’tCI,.—CuA',; 
small violet-blue crystals, si. sol. water.— 
HA'II-SO,: small needles. 

(4,2,1) - di - amido - 6 - phenyl - propionic aoid 
(4:2:1), C,H.,(NH,) 2 .CH...CH 2 .C0 2 H. 

Anhydride or lactam C„H re N 2 0 ».#. 

H 2 N.C 0 H,<;™^>. Amido - hydro • 

carbostyril. (Py. S)-oxy-(B. 3)-amido*li-hydro- 
quinoline. [211°]. Formed by reducing (4,2,1)- 
di-nitro-B-phenyl-propionio acid (Gabriel a. 
Zimmermann, B. 12, 602). NcedleB or prisms. 
Not affected by boiling alkalis. Balt.—B'HCl. 

(l:3:l)-Di-amido-fi-phenyl-pr»pionio aoid. 
[4:3:1] C 5 H,(NH 2 ) 2 .CH 2 .CH r C0 2 H. Di-amido- 
hydro-cinnamic acid. [144°, dry]. Formed by 
reduction of m-nitro-p-amido-phenyl-propionio 
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Mid with tin and HOI (Gabriel, B. IS, 2391). 
Thick crystals containing aq. Sol. alcohol and 
aoetio acid, v. si. sol. ether, chloroform, benzene, 
and C8j. Dissolves in aqueous acids and alkalis. 
W-AHIDO .(Py. SJ-PHENYl-aUINOLINE 
XII:CH 

U C„H,< | . [120°]. 

Formed by reduction of m-nitro-phenyl-quino- 
line with tin and HC1 (Miller a. Kinkelin, B. 
18,1904). Long glistening needles. Distils at 
a high temperature undecoinposed. Sol. ether, 
benzene, and hot water, v. si. sol. cold water. 

Salts.—B"H,C1.,: easily soluble colourless 
needles.—B"H 2 Cl 2 l’tCl < : yellow crystalline pow¬ 
der. — B"„1IX1,1’tCl,: long tine needles. — 
B"H s S0 4 2aq: thick colourless prisms. 
(n)-Amido-(Py. 1)-phenyl-quinoline 
X(C„H,.NH 2 ):CH 

C„H,A i.e. C.n/ | . (150°]. 

Mi— - — CH 

Obtained by reduction of the corresponding nitro¬ 
compound [187°] with SnCl.;. Colourless glisten¬ 
ing plates (from alcohol). V. e. sol. alcohol, 
benzene, and chloroform, v. si. sol. ether with a 
bluish-violet fluorescence. Volatilises undecom¬ 
posed. Its mono-acid salts have a deep yellow 
colour and dye wool yellow, the di-acid salts are 
colourless.—*B"HI: soluble yellow necdles.- 
“B" a H 2 CLl'tCl 4 : yellow prismatic needles. Tho 
ohromato is a sparingly soluble brown pp. 
(Koenigs a. Nef, B. 20, 027). 

(fl) - Amido - (Py. 1) -phenyl -quinoline 
^C(C S H,.NH 2 ):CH 

=ch' 




t.e. C S H,/ 


N= 


[198°]. 


Obtained by reduction of the corresponding nitro- 
compound [118°] with SnCl 2 . Four-sided prisms. 
81. sol. alcohol and benzene, v. sol. chloroform, 
v. si. sol. ether. The ethereal solution has a 
bluish-violet fluorescenco. It volatilises unde¬ 
composed. Its mono-acid salts liavo a yellow 
colour and dye wool yellow, the di-acid salts aro 
colourless.—*B"H 2 Cl 2 PlCl 4 : yellow prisms, sol. 
HC1, nearly insol. water (Koenigs a. Nef, B. 20, 
628). 

Amido-phenyl-quinoline. [136*5°]. V.D. 7*67 
(for 7*62). Obtained by heating quinoline hydro¬ 
chloride with aniline (Jellinck, M. 7, 351). 
Yellowish white needles; insol. cold water, sol. 
benzene, alcohol, and chloroform. 

Salts.—B"2HC1.—B"H 2 PtCl a . 
Methylo-iodide. B"MeI. [220°]. 
m-Amido-(Py. 3)-phenyl-hydroquinoline 
yCIL.CIIj 

0-H 4 < | - Thick syrup. 

\NH.CII.C h H 4 (NH 2 ) 

Formed by reduction of w-amido-phenyl-quino- 
line or of w-nitro-phenyl-hydroquinolino with 
tin and HC1 (Miller a. Kinkelin, B. 18..L907).- 
JB"H 2 C1 2 : monoclinio tables. 

(Py. 1:2)-AMID0-PHENYL-IS0QUIN0LINE 

.C^NELJiCPh 

O u H ia N a i.e.C 6 H/ / . [o. 100°]. 

'CH:N 

Formed by reduction of (Py. 4:l:2)-chloro-nitro- 
phenyl-isoqui#oline by heating with Hf and P 
(Gabriel, B. 19, 834). Yellowish plates or 
needles. Easily soluble in ordinary solvents, 
moderately in ether and ligroine. Dissolves 


readily in acids. Salts.—BUI: yellow orya- 
tals.—B'jHjCl^PtC^ : long orange-red needles. 
—B'HCl * : flat needles. 

DI-AMIDO-DI-PHENYL SULPHIDE 

C I2 H, 2 N 2 S i.e. (C a H 4 NH 2 ) 2 S. Thioaniline. [105°]. 
Mol. w. 216. Obtained by heating aniline 
(6 pts.) with sulphur (1 pt.) at 160°, with 
gradual addition of PbO (Merz a. Weith, B. 4, 
384); or from di-phenyl sulphide by nitration 
and reduction (KralTt, P. 7, 384). A small 
quantity is got by the action of S 2 C1 2 on aniline 
(Schmidt, B. 11, 1168). Long thin needles 
(from water). V. si. sol. cold water, si. sol. hot 
water, v. sol. alcohol, ether, and hot benzene. 
Not attacked by hot cone. IIC1, by hot alcoholic 
KOH, or by sodium-amalgam. Its solutions 
give a blue colour when warmed with Fe 2 Cl r 
Cone. H 2 S0 4 dissolves it with violet colour. 

Salts.—B"H 2 CL 2aq : prisms, v. sol. wator, 
si. sol. alcohol or cold cone. HC1.- B"HC12aq.— 
B"H 2 PtCl 8 . — B"H 2 S0 4 aq. — B" 2 H 2 S0 4 aq. — 
B"H 2 C 2 0 4 . 

Diacetyl derivative (C„H 4 NAcH) a 8. 
[215°]. Needles. 

Di-o-amido-di-phenyl di-sulphide C 12 H 12 N 2 S a 
i.e. (CyH 4 NIi.) 2 S 2 . [93°]. Prepared by oxidising 
o-amido-phenyl mercaptan with Fc 2 Cl (i (Hof¬ 
mann, B. 12, 2363). Plates; insol. water, sol. 
alcohol. Beadily reduced back to the mer¬ 
captan. The hydrochloride forms lamina, si. 
sol. HClAq. 

Di-p-amido-di-phenyl di-sulphide 

(C fi H 4 NH 2 ) 2 S 2 . [79°]. Formed by saponifying 
its acetyl derivative with dilute H 2 S0 4 . Long 
greenish needles (from water); v. si. sol. water, 
v. sol. alcohol. 

Salts.—B"H 2 S0 4 2aq : small needles. 

Di-acctyl derivative (C u H 4 NAclI) 2 S a . 
[c. 217°]. Formed, together with the diacetyl 
derivative of di-amido-di-phenyl tri-sulphide, 
by beating acetanilide with S 2 C1 2 at 100° 
(Schmidt, B. 11,1171). 

Di-amido-di-phenyl tri - sulphide. Di - 
acetyl derivative (C^NAdl).^. [214°]. 
Prepared as described above; forma lamina 
(from glacial acetic acid). 

AMIDO-DI-PHENYL SULPHONE 
C I2 H„NS0 2 i.e. C 6 H 5 .S0 2 .C„H 4 .NH 2 . Amide - 
sulphobenzidc. From nitro-di-phonyl sulphone 
by alcoholic ammonium sulphide (Gericke, A. 
100, 209). Minute prisms, si. sol. cold water. 

Salts.—B'HCl: [c. 90]; reddish four-sided 
prisms.—B'.JLPtCifl. 

Di-amido-di-phenyl sulphone C 12 H r N 2 S0 2 i.e. 
(C«H 4 NH,,) 2 SO... [168°] (Schmid a. Nolting, B. 
9,80). Obtained in the same way from di-nitro- 
di-phenyl sulphone. Four-sided prisms, si. sol. 
cold water. 

Salts.—B"H 2 C1 2 : long prisms.—B"H 2 fW!J^ 

Di - amido - di - phenyl-sulphone di-carboxylio 
acid C I4 H,.N 2 SO u i.e. S0 2 (C 0 H,(NH 2 )C0 2 H) a , 
[above 350°]. Obtained from p-amido-benzoio 
acid and fuming II 2 S0 4 at 180° (Michael a. 
Norton, B. 10, 680). Rose-red tufts of crystals 
(from water), si. sol. alcohol. 

Salt.—Ag 2 A" : small white lamina. 

AMIDO-DI-PHENYL SULPH0NI0 ACIDS a. 
Amido-diphenyl. • 

AMID0-PHENYL SULPHYDBATE v. Amido- 

PHBNYL MEBCAPtAII. 
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AWDO-MPHETTL DI-SBLPHYDRATK 

C.ANS, U 0,,H,(NHj)(SH)». [153°]. Pre¬ 
pared by reduomg nitro-diphenyl di-sulpho- 
ohloride with tin and HC1 (Gabriel a. Dambergis, 
B. IS, 1411). Long needles. 

p-AMIDO-DIPHENYL-p-THIO-GLYCOLLIC 
ACID C u H„NS0 2 i.e. 

H s N.C s H ) .C s H 4 .S.CH 2 .C0 2 H. [Over200°]. Formed 
by action of a chloro-aoetate upon p-amido- 
diphenyl p-sulphydrafe (Gabriel a. Dambergis, 
B. 13, 1410). Plates; si. all. water. 

o-AMIDO-s-Dl-PHENYL-THIO-UREA 
C„H„N ; ,S i.e. C„H ? NH.CS.NH.O„H ( .NH 2 . From 
o-phenylene-diamine and phenyl thio-earbi- 
mide in benzene (Lcllraann a. Wiirthner, A. 228, 
212). Glittering prisms, v. sol. alcohol and 
glacial acetic acid, si. sol. benzene, insol. ether. 
In a capillary tube it calces together at 141°; at 
185° aniline distils out of it; but at 250° it is 
still solid: o-phenyleno-thio-urea being left: 
PhHN.CS.NH.CjipNHj = 

CS <NH> C ‘ H < + PhNH ‘. 
m-Amido-di-phenyl-thio-urea. [148°]. From 
m-phenylene-diamine and phenyl thio-carbi- 
mide in benzene (L. a. W.). Amorphous yellow 
powder or colourless prisms (from alcohol). V. 
boI. glacial acetic acid, m. sol. alcohol, insol. 
ether and benzene. May be molted without de¬ 
composition. Decomposed by long boiling with 
alcohol, as follows: 2CS(NPliH)(NH.C! TI.NIL.) - 
(P1 iHN.CS.NH) 2 C,H 4 -f C s H,(NHJ a . The o and p 
isomerides behave similarly. 

p-Amido-s-di-phenyl-thio-urea. From p- 
phenylcne diamine and PhNCS dissolved in 
benzene (I,, a. W.). Bcddish prisms (from 
alcohol). Sol. glacial acetic acid, insol. ether or 
benzene. Begins to decompose at 163°, form¬ 
ing p-phenylene-thio-urea and aniline. 

AMIDO-p-EHENYL-TOLUENE C, S H„N i.e. 
0 ls H n .NH 2 . [03 3 —97 'J. Amido-tolyl-phenyl. Ob¬ 
tained from p-phenyl-toluene, C„H,.C li H,.OH„ by 
nitration and reduction (Carnclley, C. J. 29, 21). 
Salt. B'HCl. [c. 283°]. 

DI AMID J-PHENYL-TOLYL-KETONE 
0„H, 4 N 2 0 i.e. n 2 N.C s H,.CO.C, i lI.,(CH J ).NH 2 . 
[about 220°]. Colourless needles. Formed 
together with oxy-amido-phenyl-tolyl-ketone and 
di-oxy-benzophenono by heating commercial 
rosaniline with water at 270°. 

Di-benzoyl derivative C,,H,„0(NHBz)... 
[226°], colourless needles (Licbermann, IS. 1C, 
1927). 

DI-AMID0-PHENYL-T0LYL-METHANE v. 

Dz-mmo-BEKzYL-mLvr.se. 

Di-amido-phenyl-di-telyl-methane 
C, l H 22 N 2 t.c. C 6 H s CH(C,H e NHj) 2 . [185°]. Formed 
by heating a mixture of p-toluidine, p-toluidine 
L, Hoohloride, and benzoia aldehyde for several 
hours at 120° (UHmann, B. 18, 2091). It forms 
a compound with benzene, crystallising in 
glistening needles. 

Tri-amido-di-phenyl-tolyl-methane 

i.e. (H 2 N.C # H,) 2 CH.C,H 1 .NH 2 . Lcuc- 
aniline. [100°]. Obtained by reducing rosani¬ 
line (q. v.) (Hofmann, Pr. 12, 9 ; Eosenstiehl a. 
Gerber, A. Ch. [0] 2, 341). Small crystals (from 
boiling water). Sl..sol. hot water, or ether, v. sol. 
alcohol. Converted into rosanilino by oxida¬ 
tion. Salts. — B'"H,C1, aq. — B"'3HJHCl r - 
B"'3HNO r 


Tri-aeetyl derivative [188*). Needle*. 
Gives tetra-aoetyl-rosanfline when oxidised with 
KjCrjO, and acetic aoid (fienouf, B. 16,1803). 

Tri-p-amido-phenyl-di-tolyl-methane 
OjiHjjN, i.e. (H 2 N.O,H a ) 2 CH.O,H i .NH J . Prepared 
by reduction of nitro-di-amido-phenyl-di-tolyl- 
methane with zinc dust and HC1 (Fischer, B. 15, 
680). Small colourless prisms or long needles. 
On oxidation it gives a rosaniline which dyes a 
bluer shade than ordinary rosaniline. 

o-AMIDO-s-DI-PHENYI-DKEA C.jHuN.O i.e. 
NHj.C.Hj.NH.CO.NIIC.Hj. From phenyl cyan- 
ate and o-phenylene diamine in benzene solu¬ 
tion (Lellmann a. Wiirthner, A. 228, 220). 
Slender silky needles (from alcohol). V. sol. 
glacial acetic aeid, m. sol. alcohol, v.sl. sol. ben¬ 
zene, insol. ether. In capillary tubes it cakes 
together and partially melts at 182°, splitting 
up into aniline and phenylene-urea, [305°J. 

m-Amido-s-di-phenyl-urea. From m-phenyl- 
ene diamine and PhNCO in benzene (L. a. W.l. 
Grey needles (from dilute alcohol). Y. sol. 
alcohol, and glacial acetic acid, si. sol. ether 
and benzene. In capillary tubes it decomposes 
at 185° into aniline and m-phenylene-urea, 
[above 300 ]. 

p-Amido-s-di-phenyl-urea. Fromp-phenylene- 
diaminc and PhNCO in benzene (L. a. W.). Slender 
white needles (from alcohol). Sol. glacial 
acetic acid, v. si. sol. benzene, insol. ether. 
Decomposes about 210°-220° into aniline and 
p-phenylene-urea [above 320°]. 

Di-amido-di-phenyl-urea C, 3 H l4 N 4 0 i.e. 
C0(NH.C»H,.NH,) 2 . From tetra-nitro-di-phenyl- 
urea, (C a H 2 (NO._,) 2 .NH) a CO by reducing with tin 
and HC1 (Fleischer a. Neines, B. 10, 1296). 
Laminm (from alcohol); si. sol. oold water.— 
IOLFtCl,. » 

‘AMIDO- PHENYL -URETHANE v. Amido- 

PHliNYL-CABBAMIC KTUER. 

o-AMIDO-PHENYL-VALERIC ACID 

[1:2] G„H,(NH.,).CI[,.CII r CIJ„.CII,.CO,H. [62°]. 
White needles. Formed by boiling an alcoholic 
solution of cso-di-bromo-amido-phcnyl-valerio 
acid with sodium-amalgam. It could not be con¬ 
verted into an inner-anhydrido even by dehy- 
drating-agents. Acetyl derivative : [151°] 
(Diehl a. Einhorn, IS. 20, 385). 

AMIDO-PHOSPHENYLIC ACID v. Phos¬ 
phines. 

AMIDO-PHTHALIC ACID C,H,NO. t-o. 

C s Hj(NH 2 )(CO..H) 2 [1:2:3], 

Salt.—H 2 A"HSnCl 3 2aq: needles, got from 
nitro-plithalic acid by tin and HC1. The 
hydrochloride gives off C0 2 on evaporation, 
becoming m-amido-benzoic acid (Miller, A. 
208, 245). 

Ethyl ether Et. 2 A". Oil; got by reducing 
ethyl con-nitro-phthalate. 

Amido - phthalio acid O s H a (NH,)(C0 2 H), 
[1:3:4], • Its hydroehlorido splits up, like that 
of the preceding acid, into C0 2 ond m-amido- 
benzoic aoid (M.). 

Ether [95°] (M.). Got by reducing 
«-nitro-phthalic ether (M.; Koenigs, B. 10,126). 
Monoclinic prisms (from alcohol). Ethereal 
solutions show faint blue fluorescence. 

Aietyl derivative [122P], Minute 
lamina). 

Amido - iso - phthalio aeid 0,E,NO ( 2aq. 
[above 300°]. S. -104 at 16°; -92 at 99% 
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Fanned by reducing niiro-lso-phthalio acid, 
(949°) (Storra a. i'ittig, A. 168,285; Beyer,/. 
pr. [2] 85,491), PriamB (from alcohol) or plates 
(from water). Solutions give a deep reddish- 
brown oolour with Fe.,Cl 6 . 

Salts: K 2 A"; gives no pps. with salts of 
fa or Ba, but pps. with salts of Zn, Cd, Cu, Ag, 
l'b, and Hg. —Na 2 A".—MgA"4.inq: S. 20 at 
15°. — CaA"3]aq: S. 7'4 at 15 a .~8rA"aq: S. 
6-6 at 15°. — BaA"lAaq: S. 6-43 at 15°.— 
ZnA". — CdA". — AgHA". — H,A"HC1 aq. — 
(HjA"H01) ,PtCl, 3 4aq : crystals grouped in stars. 
—H. A"HBr.—H 2 A"HNO, ltaq. 

Methyl ether Me.,A" [170°]: solidifies 
at 104'. 

Ethyl ether EtjA" [118°]; Bolidifies 
at 113°. Prepared by treating a mixture of 
nitro-iso-plitlialio ether (50 g.), alcohol (300 g.), 
and cono. HC1 (500 g.), with zino dust at 0°. 
Tufts of thin plates (from alcohol) or slender 
needles arranged in orosses (from water). V. 
si. sol. water. Solutions fluoresce violet-red. 

Amido-tere-phthalio acid C,H,NO, i.e. 
C.,H,(NH 2 ) (Coil)- [2:1:4]. Obtained by reducing 
nitro-terephthalic acid with tin and IIC1 (Warren 
de la Kuo a. Hugo Muller, Pr. 11,112). Thin 
lemon-yellow prisms; v. si. sol. cold water, alco¬ 
hol, ether, or chloroform. Decomposed by heat 
without previous fusion. Its solution fluoresces 
blue. 

Di-methyl ether Me a A" [126’]. Salts: 
Me,A"HCl: white needles, saponified by water. 
—(Me l A"HCl) a PtCI, (Ahrens, if. 19, 1G3G). 

Di-amido-terephtbalio acid C,H s N 2 0, i . e . 
C,H,(NH 2 ).,(C0 2 H) 2 [8:G:1:4]. 

Ether Et ; A'' [168°]. Formed by the action 
of bromino upon di-amido-di-hydro-terephthalic 
ether (di-imide ijf succino-succinic ether) dis¬ 
solved in strong IPSO,. Glistening orange 
needles. Sparingly soluble in alcohol and ether 
with a yellow fluorescence. By diazotisation 
and treatment with CuXP it is converted into 
di-chloro-tcrephthalic ether, which is reduced by 
sodium-amalgam to terephthalio ether. Tho 
sulphate forms very sparingly soluble colourless 
needles (Baeyor, B. 19,430). 

AMIDO - PHTHALIDE C„H,N0 2 i . e . 
C,H a (NH 2 )<°^>0 [4:*]. [178°]. Formed by 

roduoing nitro-phllialide [141°] (Hoenig, It. 18, 
8448). Short prisms; sol. chloroform, si. sol. 
alcohol, ether, and benzene, v. si. sol. cold 
water. Salts: B'HOl: needles.—B'.ll !.’tCl :i . 

DI - AMIDO - ISO - PHTHALOPHEN ON E 
C m H„N 2 0 2 . Two isomeric compounds of this 
formula are obtained by reducing tho two 
di - nitro - phthalophenones that aro got by 
nitrating iso-phthalophenone 0,H ) (CO.C,n,) a 
[1:3] (Ador, Bl. [2] 33, 6G). 

AMIDO-P0D0CABPIC ACID V. Pobocarfio 
acid. * 

DI - AMIDO - PKOPANE v . Tbimethymine- 
DIAMINE and PaorYLENE-MAMINI. 

(3:4:1)-AMIDO-PEOPENYL-BENZOIC ACID 

C 15 H„N0 2 »;«.C a Hj(NH 2 )(C ) Hj)C0 2 H [3:4:1] [94°]. 
Formation:— 1. By reduction of nitro-pro- 
penyl-ben*cio acid with FeSO, ai»d Nil,.— 
2. By boiling amido-oxypropyl-benzoio aoid 
with HC1 (Widman, B. 16, 2572). Long 
, white needle*. Easily soluble in alcohol, ether, 


and benzene, sparingly in water and ligroina. 
Tolerably marked basic properties. - 

Salts: A'H.HOl; long oolourless easily 
soluble prisms. — (A'H,HCl) 2 PtCl ( ; easily 
soluble yellow needles.—A'H, AcOH: colourless 
prisms, [o. 160°]. 

Acetyl derivative 

C,H ; ,(NlIAo)(O a HJC0 2 H—[212°], long white 
needles, si. sol. hot water. By the action of 
nitrous acid it is converted into methyl-cinno- 

linecarboxylicae;dG0 2 H.C,H 1 <^J^ c ;k^>, di- 
azo-proponyl-benzoio aoid, 

probably being the in¬ 
termediate product (Widman, B. 17, 722). 

Amido-propenyl-benzoic acid 
CJI,(NH,)(C 3 H i )C0 3 n [2:4:1], [165°]. Formed by 
heating amido-oxypropyl-benzoic acid with dilute 
HC1 (Widman, B. 19, 272). Yellow plates. 

Acetyl derivative: [122°]; white prisms. 

a-AMlDO-FBOPIONAMIDE C a H a N 2 0 i.e. 
CH,.CH(NH 2 ).CO.NHj. [above 250°]. Occurs in 
urine (Baumstark, A. 173,342). Small columns, 
si. sol. cold water, m. sol. hot water, insol. ether 
insol. alcohol (difference from urea). Converted 
by nitrous acid into sarco-lactic acid, and by 
baryta-water at 150° into C0 2 , NH„ and 
cthylamine. 

a-AMIDO-PROPIONIC ACID V . Alanine. 

0-Amido-propionic acid O a H,N0 2 i.e. 
CH.(NH 2 ).CH 2 .C0 2 n. [180"]. Mol. w. 89. 

Formation. —1. Together with 0-imido-pro- 
pionic acid, by the action of Nil, upon 0-iodo- 
propionie acid (Heintz, A. 15G, 36; Mulder, B. 

9,1903).—2. From cyano-acetio aoid by reduc¬ 
tion with Zn and H.SO, (Engel, It. 8,1697). 

Properties, —Prisms; v. e. sol. water, el. sol. 
alcohol. Sweet taste. Split up by distillation 
into NH, and acrylic aoid. 

S a 11.—CuA’, 5aq: dark-blue prismB. 

(a)-AMIDO-PBOPIONITBILE O a H,N 2 ».«. 
CH r CH(NH ; ).CN. A mixture of aldehyde- 
ammonia and prussic acid (30 p.c. solution) is 
acidified with H 2 SO,Aq (1:3) (Erlenmeyer a. 
Passavant, A. 200, 121). Liquid; quiokly 
changes to imido-propionitrile, giving oil NH,. 
—B'HCl.—B'-.H.PtCl,. 

AM IDO-PBOPYL-ALC0H0L V . Oxy-feoftl- 
auine. 

A M ID 9-ISOPBOP YL-BENZ0IC ACID 

Amido-cosiinic acid. 

AMIDO-n-PROPYL-CINNAMIC ACID 
C 12 H, s NO a t.«. C > H,(0,H,)(NH 2 ).C 2 H 2 .CO a H[4:2:l] 
[155°]. Formed by reduction of nitro-n-propyl- 
cinnamic aoid with FeSO, and NH a (Widman, B. 
19, 277). Glistening yellow needles. Easily 
soluble in hot alcohol. By heating with dilute 
IIC1 for a long time it is converted jjftt^v 
propyl-cnrbo-styri, [162°]. ’’■wwisa 

o-AMIDO - p - PROPYL - PHENYL - ACETIC 
ACID C n H,,N0 2 i.e. C 1 H I .C,H,.CH(NHJ.CO^L 
[197°]. Prepared by saponifying the product of 
the action of HGN upon cumin-hydromide 
(Plochl, B. 14,1316). SI. sol. cold water, bisol. 
alcohol and ether. 

AHID0-PYBEHE v . Pyuenb. 

AMIDO-FYROCATEOHLN »C a H,NO, U 
“CjHjtNHjJtOHlj. By reducing the nitrocom¬ 
pound by Sn and HC1. 

Salt; B'HOl; dark needlas. Sodio ear- 
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bmute liberates the free base which, however, ie 
rapidly oxidised by air forming a violet solution 
(Benedikt, J.pr. [2] 18, 457; B. 11, 363). 

Methylene derivative C,Il,NO, t.«. 

H,N.C,Hj<^®^>CH ! . Obtained by reducing 

methylene - nitre - pyrocatcchin or nitro- 
piperonylic acid (Hesse, A. 199, 341). Brownish 
oil. Salt: B'HCI. 

AMIDO-PYBOGALUH, C,H,NO, i.e. 
C 6 H 2 (NH,)(OH),. Amido-pyrf gallic acid. From 
the nitro-compound. Its alkaUno solution turns 
blue in air. 

Salt.—B'HCI: needles (Barth, M. 1, 884). 

AMID0-PYR0-MEC0N1C ACID Cjll.NO, i.e. 
®iH,(NH,)O s . From nitro-pyro-mcconic acid, 
tin and I1C1 (Ost, J. pr. [2] 19, 194). Needles 
(from water). re,Cl (j gives a blue colour, changed 
to red by excess.—B'HCI nq. 

Di-amido-pyro-mellitic ether 
OjJNH.J.jfCO.Et), [134°]. From the nitro com¬ 
pound (Nef, A. 237, 24). Diacetyl deriva¬ 
tive [149], 

(a)-AMIDO-PYRRYI, METHYL KETONE 

C«H g N ? 0 i.e. C,H,,(NH 2 )N.CO.Cl I 3 . Formed by 
reduction of (a)-nitro-pyrryl methyl ketone with 
tin and HC1 (Ciamioian a.Silber.B. 18,1460).— j 
B'jHJ’tCl,,: long yellow needles. i 

(£.4)-AMIDO-QDINOLlNEC s NH,,.NH r [G7°]. 

Preparation. —l.By reducing nitro-quinoline, 
(89°) (Koenigs, B. 12, 451).—2. By heating 
oxy-quinolinc with zinc - chloride * ammonia 
(Bedall a. Fischer, 13. 14, 2373). Plates. Dis- i 
solves in acids. CrO, gives a blood-red colour, j 

(£. 2)-Amido-quinoline C„H,N.. f 114"]. l’re- '• 
pared by reduction o£ nitro-quinolino from p- ' 
nitraniline (La Coste, B. 16, 670). Colourless 
plates or flat needles (containing 2aq). Sublim¬ 
able. V. sol. alcohol and ether, less in water 
and ligroin. Salts: B"HC1: large colourless 
prisms.—B" 2 TLCl.,PtCl, 2aq.: crystalline pp. 

Picrate JS"(C,H 2 (N0 2 )j0H) 2 : needles. 

(B. 3)-Amido-quinoline 
-CIliCIl 


O.H 2 (NH 2 ) 






'N = CH 


[110°]. Prepared by 


DI-AHIDO-ftBINONE-IMIDE *. Aroo-w- 

tUmO-PHSNOL. 

(B. 2)-AMID0-<HJtN0XALINE C„H 2 N, U. 

-.N:CH 

C 2 H a (NH 2 )^ | [159°], Formed by conden- 

'N:CH 

sation of glyoxal with (1:2:4).tri-amido-heo- 
zene (Hinsberg, B. 19, 1254). Yellow needles 
or largo crystals. Sublimable. V. sol. wator, 
alcohol, and chloroform, m. sol. ether and 
benzene. The ethereal and chloroform solu¬ 
tions have a yellowish - green fluorescence. 
The aqueous solution gives yellow pps, with 
AgNO, and HgCl 2 . Its solution in IiCi is deep 
violet. 

Baits.—BTIC1: brown plates with green 
reflection.—B'jH.,SO,.—B' 2 H,Cl.,PtCl,. 

AMID0-RES0BCIN C„H,N0 2 i.e. [1:2:4] 
CJI 2 (NH 2 )(OH) 2 . Formed by reducing nitro- 
resorcin with tin and HC1 (Wcselsky, A. 164, 6). 
—B'HCI 2aq: gives brown colour with Fe 2 Cl,. 
The free base is unstable. 

Ethers : C„H a (NH..)(OEt) 2 : [32°]; (251°). 
From benzene-azo-di-cthyl-rcsorcin (Will a. Pu- 
kall, £.20,1124).—C u H a (NII 2 )(OH)(ORt). [148°]. 

Amido-resorcin. Ethyl ether 
C«n.,(NII 2 )(OEt) 2 [1:2:6]. [124°]. Frombenzene- 
o-azo-di-othyl-resorcin (Pukall, B. 20, 1148). 

Di-amida-resorcin C ll.N .O, i.e. 
C„II,(Nil.).(OH).. [1:3:4:6]. The hydrochlo- 
ride is obtained by retlucing dinitroso-resorciu 
(Fitz, B. 8, 633) or benzene.disazo-resorcin 
(Licbermann a. Kostanecki, 71.17,881). It gives 
a blue colour with FeCl B . The free base is un¬ 
stable. If the hydrochloride is suspended in 
chloroform, a little aqueous NaOH added, and 
then a large quantity of water, a beautiful blue 
colour is produced.- B"II .SO, 1 !aq. 

Di-amido-resorcin. Formcrl by reduction of 
di-nitro-resorcin with tin and IICI (Typko, B. 
16, 055). The hydrochloride (B 'H.CI 2 ) forms 
easily soluble flat needles. FeC! (i produces a 
ppn. of steel-blue prisms of di-imido resorcin. 
AMIDO-SALICYLIC v. OxY-Aaimo-nrcNZorc. 

DI - AMIDO - STILBENE v . Di-Amido-di - 
niKNYL-i: nivj.KM:. 


heating {B. 3)-oxy-quinoline with ammoniacal 
ZnCl, (ltiemerschmied, 13. 16, 725). Yellow 
lates. Sublimable. Sol. alcohol, ether, and 
ot water; si. sol. cold water. The picrate 
forms long red needles, v. si. sol. ether. 

(a)-Di-amido-quinoline C^N, i.e. 
C,H 3 (NH 2 ) 2 N. [156° uncorr.]. Formed by re¬ 
duction of (a)-di-nitro-quinoline 1183°] with 
SnCl. (Claus a. Kramer, It. 18, 1217). Thick 
yellowish needles.—B"H.Cl 2 I’tCl,: red needles. 

(fl)-Pi - amido - quinoline. [163° uncorr.]. 
Formal by reduction of (B)-di-nitro-quinolina 
Cl.SJllJvith SnCl 2 (C. a. K.). Small yellow 
needles or plates. Is not sublimable or volatilo 
with steam. V. sol. water and alcohol, si. sol. 
ether, benzene, and ligroin.—B^CljPtCl,: 
yellow crystalline powder. 

DI-AMI 60-QUIN0NE C,H 2 (NH,).,0, [G:2:l:l]. 
TDiacetyl derivative C,H..(NHAc) 2 0 2 : 
[265 <= -270’]. Formed by oxidation of tetra-ace- 
tyl-di-amido-hydroquinone C,H 2 (NHAc),(OAe) 2 
W tri-acetyl-tri-amido-phcnol C„H,(NHAc) ;1 OII 
(from -picric acid). By heating with SnCl, dis¬ 
solved in cone. HC1 it yields di-amido-hydro- 
luinone (Nietzki a.Preusser, B. 19,2247; 20,797), 


AMIDO-STRYCHNINE C 2 ,H,,N,0 2 i.e. 
C 2 ilf.,,(NJI,)N,,0.. [275°j. (c. 280") at 5 mm. 

From nitro-Btrychnino and SnCL (Loebiscli a. 
Sclxoop, ill. G, 848). Cubes (from alcohol). Insol. 
water, si. sol. benzoline, in. sol. alcohol, v. e. 
sol. ether and chloroform. Its salts arc very much 
more soluble than those of strychnine; they 
turn reddish.violet in moist air. They give tho 
general reactions for alkaloids. Give no colour 
with cone. H..SO, and K.Cr.,0.. A dilute acid 
solution is turned blue by aqueous K 2 Cr 2 0, or 
by FCjCI,. Sal ts.—B"2ilCl: prisms.—B"H,,PtCl,. 

Acetyl derivative C 21 IL.(NAcH)N.,0,aq 
[205°] (L. a. S. M. 7, 77). 

Di - anjido - strychnine C.. 1 H.,,(NH 2 ) 2 N 2 O r 
[263°]. From di-nitro-strychnine, tin, and IICI 
(Hanriot, G. It. 96, 586; 111. [2] 41, 236). Prisms 
(from chloroform); v. si. sol. water and ether, 
m. Boi. alcohol, v. sol. chloroform. Gives no 
colour with cone. H 2 SO, and K,Cr 2 G : . A dilute 
acid solution is turned violet-blue by oxidising 
agents such as If.,Cr 2 0,Aq or NaOCl- 

p-AMIDO-STYRENE C„H„N i.e. 
C a H,(NH ? ).CII;CH. [76°-81°]. A bodyofttlil 
composition » formed by reducing p-nitro- 
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cinnamic acid with tin and HOI (Bender, 3. 14, 
2359), and by heating jj-amido-cinnamic acid 
/Bernthsen a. Bender, B. 15,1982).— -B'JLPtoL 
0-AMIDO-STYRYL-ACRYLICACIDC..H..NO- 
i.e. 0,H 4 (NH,).CH:CH.CH:CH.CO,H. o-Amido- 
cvnnamenyl-acrylic acid. [177°]. Formed by 
reduction of o-nitro-styryl-acrylio acid with 
forrous sulphate and ammonia. Yellow needles. 
V. sol. chloroform, ether, alcohol, and acetic 
acid, si. sol. CS 2 and hot water, y. si. sol. cold 
water. Its ethereal solution has a green fluores¬ 
cence. It forms salts with acids and with 
bases. The hydrochloride is easily soluble, 
the sulphate sparingly soluble. The salts with 
bases are deep yellow. 

Acetyl deriv alive 

C fl H 4 (NHAc).C 4 II 4 .C0 2 H: [253°]. Small white j 
tables, sol. hot alcohol, si. sol. cold alcohol and 
ether, insol. water (Diehl a. Einhorn, J5.18,2332). 

o-AMIDO-STYRYL-PROPIONIC ACID 
C d H 4 (NH.J.CH:CH.CII 2 .CH.,CO,H. o - Amido - 

cinnamyl-acetic acid. [59° hydrated]. Crystals 
( + H. 2 0). Easily soluble in ordinary solvents. 
Formed by reduction of o-amido-styryl-acrylic 
acid with sodium-amalgam (Diehl a. Einhorn, 
B. 20, 378). 

AMID0-SUCCINAM1C ACID v. Asparagine. 

AMID0-ST7CCINIC ACID v. Aspartic acid. 

Di-amido-succinio acid C 4 II 8 N.,0 4 i.e. 
C0. 2 H.01i(NII,).CH(NH 2 ).C0. 2 H. [125°]. 

Formation. —1. From di-bromo-succinic acid 
and NH 3 (Lehrfeld, B. 14, 1817).—2. By redu¬ 
cing the di-phonylhydrazido of di-oxy-tartaric 
acid, C0 2 II.C(N 2 HPh).C(N 2 HIfli).C0 2 H, in alka¬ 
line solution with sodium amalgam. The yield 
is 35 p.c. of the theoretical (Tafel, B. 20, 217). 

Properties. —Prisms; v. si. sol.water,alcohol, 
ether, acetone, poetic acid, chloroform, aniline, 
phenol, and OS 2 . Sol. aqueous acids and alkalis. 

Di-amido-succinic acid C 4 H n N 2 0 4 . [151° 

uncorr.]. White needles or prisms. Sol. water, 
alcohol, and ether. The acid is isomeric with 
the preceding. The ether is formed by the 
action of NH 3 on di-cliloro-succinic ether. 

Diethyl-ether A"Efc 2 . [122° uncorr.] 
Colourless needios or trimetrio prisms. Sol. 
alcohol and ether, v. si. sol. water. 

Salts.—A"Ag., and A'Tb: insol. pps.— 
A"Cu: green pp. 

Di-amide C 2 H rt N. 2 (CO.NH 2 ) r [1G0° uncorr.]. 
Dong slender needles. Insol. water and ethor 
(Claus a. Ilelpenstoin, B. 14, 624; 15, 1850). 

AMIDO - SUCCINURIC ACID v . Ukamido- 
BUCCINIO ACID. 

AMIDO - SULPHOBENZIDE v . Amido-di- 

PJIKNYL 8ULPIIONE. 

AMIDO-SULPHO-BENZOIC ACID C 7 H 7 NS0 5 
i . e . C fi H s (NH,.)(SO a II)(CO ? H) [1:3:5], From 
nitro-m-sulpho-benzoic acid and aqueous am¬ 
monium sulphido (Limpricht a. Uslar, A. 10G, 29). 
Needles, v. sol. hot water, m. sol. alcohol, v. si. 
sol. ether. Blackened by heat. Combines with 
bases but not with acids. 

(a)-amido-sulpho-benzoic acid C 7 H 7 NS0 5 aq 
i . e . C ti H s (NH 2 )(S0 3 H)(C0 2 H) [1:«:6]. Obtained, 
together with the following acid, by sulpliona- 
tion of m-amido-benzoio aoid (Griess, J. pr. [2] 
5, 244). ISour-sided lamina*, m. sol. hflt water.— 
Salt:—BaA"2aq: v. si. sol. water. 

U 


(B)-amido-Bulpbo-bemoio acid 0,H 7 NS0. 
0 - H,(NHJ(S0,H)(C0 # H) [1:*:5}. Six-sided 


laminae; v. si boL hot water.—Salt: B&A*8aq: 
m. sol. water. 

Amido-sulpho-benioio acid 
C 11 H 3 (NH 2 )(SO s H) (C0 2 H) [1:3:6]. Rhombic 

plates, sol. hot water. Dilute solutions show 
blue fluorescence (Hart, Am. 1, 303). 

Amido-sulpho-benzoic acid 
C a H a (NH 2 )(S0 a II)(C0 2 H) [1:2:4]. 

Imide [285°]. Prom 

tlio amide of p-nitro-tolueno sulphonic aoid by 
oxidation and reduction (Noyes, Am. 8, 167). 
Colourless crystals, v. si. sol. water. Its solution 
shows dark blue tiuoresconce. 

AMIDO-SULPHO-BENZOLIC ACID. An old 
name for amido-benzene sulplionio aoid v. 
AmIDO-BENZENK. 

AMIDO-SULPHO-PHENOLIC ACID. An old 

name for amido-phenol sulphonio aoid v. Amido. 

l’UENOR. 

a-AMIDO-p-STJLPHO. PHENYL-PROPIONIC 
ACID C,H,,NHO, i.e. 

S() :i II.C 8 H l .Cn r CH(NH J ).C0 s H. 

From u-amido-phenyl propionic acid (20g.),cono. 
HjSO, (60 g.) and Nordhausen acid (25 g.) (Erlen- 
meyor a. Lipp, A. 219, 200). Groups of short 
prisms (from water). M. sol. water, v. si. sol. 
alcohol, insol. ether. Docs not combine with 
HC1. Fused with KOH gives p-oxy-benzoio aoid. 
—Salts : BaA' s 4aq : flat prisms. 

AMIDO-TEREPHTHALIC ACID v. Amido- 
phthalic icin. 

m-AMIDO-THIO-BENZAMIDE C.H.NjS i.«. 
C,H,(NHj).CS.NII r Obtained by boiling m-nitro- 
benzonitrile with aqueous ammonium sulphide 
(Hofmann, Pr. 10, 508; B. 1, 107). Needles 
(from water). Weak base. Decomposed by 
heat into IDS and amido-benzonitrile. Alcoholio 
solution of iodine converts it into C,,H, 2 N,S, 
crystallising from water in Blender needles 
[120°]. Forms a plalino - chloride 
C H H 1I N < SH-PtCl J (Wanstrat, B. 0, 332). 

p - Amido - thio - benzamide [170°]. From 
p-nitro-benzonitrilo and cone. H,SO, (Engler, A. 
110, 299). Crystals; m. sol. alcohol. 

AMIDO - THIO ■ CRESOL v. Amido-tolyl 

MERCAPTAN. 

AMIGO-THIOPHENE C.SIL.fNH,). Pre¬ 
pared by reducing nitro-thiophene with tin and 
alcoholio HC1 (Stadler, 71. 18,1490,2316). Yellow 
oil. Very unstable; being changed in 12 hours 
into a brittle resin. The hydrochloride reacts 
with diazo salts forming stable azo compounds. 
Salts.—B'HCl.—B'.H 2 SnCl ) . 

o-AMIDO-THIENYL-ACETIC ACID 
C,H,SNO. i.e. C,SH,.CH(NII ! ).CO,H. Formed 
by reducing the oxim of thionyl-glyoxylio aoid 
C,SH,.C(N01l;.C0 a H with tin and HG1 (Bradley, 

B. 19, 2115). Pistes or grains ; J - -Wmi.it, 

235“-210°. Salts.-Tho acid gives pps. with 
salts of Cu, Hg, Bi, and Zn, but no pps. with 
salts of Fe, Mg, Mn, Ur.Ni, Ba, Ca, Sn, or Pb.— ■ 
CuA' 2 aq.—HA'IICl. 

AMIDO - THIOFHENOL v. Amido-pijenta 

MERCAPTAN. 

AMIDO - THYMOL O, 0 H„NO U 
0,H s Pr(NH 2 ) (CH,) (OH) [1:87:4:6]. Nitroso- 
thymol, prepared from Bodium-thymol.KNO- and 
HjSO, (Schiff, B. 8, 1500), is reduoed by 
Sn and HC1 to the well-crystallised tin salt of 
p-amido-thymol. This is dissolved in water and 
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decomposed by H,S (Andreses, 7. pr. 1S1,169V.— 
Skit: B'HCl: decomposes at 210°-215\ 

Reactions. —1. Bleaching powder solution 
converts it into thymo-guinone-ohloro-imide 
(g.v.j. —2. A solution of bromine in NaOH 
oxidises it to thymo-quinono.—3. Bromine water 
has the same effect. 

Amido-thymol sulphonicaoid C I0 H, ,(S0 3 H)N0 
b among tho products of the action of cono. 
NaHSOjAq upon thynoquinone-chloro-imide 
(A.). Needles or prisms. • 

Di-amido-thymoquinone C l0 H„N 2 O 2 i.e. 
C.PrMefNHJjOj or Oxy-amido-thymoquinon- 

imide C,PrMe(NIL)(OH)<Q^. Formed by 

heating plienylamido-oxy-thymoquinone with 
alcoholic NH 3 at 100° (Anschutz a. Leather, C.J. 
49, 725). Dark blue crystals, insol. water, ether, 
benzene, chloroform, and CS 2 ; v. si. sol. alcohol; 
sol. glacial HOAc (crystallising with ^HOAc); 
Y. sol. HClAq, forming a red solution. 

AMIDO-TOLUENE v. Toluidine and Benzyl- 

AMINE. 

Di-amido-toluene v. Tolylene-diamine and 
Amido-benzylamine. 

TEI - AMIDO - TOLUENE C 7 H„N 3 i.e . 
C fi HoMe(NH,) s [1:3:4:5]. 

p-A cetyl derivative C B H 2 Me(NHAc)(NH 2 ) 3 
[1:4:3:53 [c. 204°]; pearly rods (containing aq); 
sol. acetio acid and hot alcohol, insol. water, 
ether, and benzene. Formed by reduction of 
acctyl-di-nitro-p-toluidinc (1 pt.) with tin (3pts.) 
and cone. HC1 (8 pts.). The hydrochloride 
(B'HCl .Uq) forms white concentric easily 
soluble needles (Nicmentowski, B. 19, 710). 
Benzoyl derivative 

C a H 2 Me(NHBz)(NH,) 2 [1:4:3:5] [c. 185°]. 

Formed by reducing benzoyl-di-nitro-p-tcluidine 
(Hiibner, A. 208,318). Insol. water, sol. alcohol 
and ether. Salts.—B"2HC1.—B"H..SO r 

Tri-amido-toluene C ? H 2 (CHJ(NH 2 )., [1:2:4:?]. 
Very oxidisablc crystalline solid. Tri-acid base. 
Prepared by reduction of nitro-tolylene-ra- 
diamine. B'"(HC1) : , and B" , 2 (H 2 SOJ :) are white 
crystalline solids (Kuhemann, B. 14, 2057). 

AMIDO-TOLUENE SULPHINIC ACIDS 
C,H b NS0 2 . 

o-Amido-toluene sulphinic acid 
C o H JI MeJNH 2 )S0 2 H [1:2;4J. o-Toluidinesulphinic 
acid. S. *148. From o-amido-toluene thio- 
sulphonic acid and sodium amalgam (1‘aysan, 
A. 221, 361). Rectangular tables, si. sol. water 
or alcohol, insol. ether or benzene. At 1G0° it 
decomposes without melting. 

Reactions— 1. With yellow ammonic sulpha 
ide forms amido-toluene thiosulphonic acid.— 
2. KMnO< forms amido - toluene Bulphonio 
Boiling HC1 forms the isomeric toluene 
eufpEamine.—4. Nitrous acid forms a diazo com¬ 
pound which when warmed with alcohol forms 
the ethyl derivative of cresol sulphonic acid. 
Salts.—KA'.—BaA'„ 2aq.—AgA'. 

^oluene sulphamine C 7 H„NS0 2 . [175°]. Got 
by neating o-amido-toluene Bulphinic acid with 
HC1 and ppn. by NH a . Needles in stars (from 
alcohol).—B'HCl: groups of slender needles. 

p- Amido-toluene sulphinic acid C 7 H B NSO a 
i.e . C a H 3 (NH 2 )Me.SO a H [1:4:5], From 
C # H 3 (NH i )Mc(S 0 2 SI-I) by boiling with HC1 but 
liuce much then changes to toluene sulph- 


amine it is ^better to reduce ft with sodfnm 
amalgam (Heffter, A. 221, 847). Hard prisms. 
Hoes not melt below 240°. Insol. alcohol, sL 
sol. cold water, v. sol. hot water. 

Reactiojis .—1. Warmed with a solution of 
sulphur in ammonic sulphide it changes to the 
thiosulphonic acid, C d H 3 (NH,)Me.(SO:,SH).-2. 
Bromine converts it into amido-toluene sulphonic 
acid.—3. Not reduced by Sn and HC1. 

Salts.—K A'.—Ba A' 2 rraq. 

Toluene sulphamine (isomeric with the 
abos'e). [132°]. Got by heating p-amido-toluone 
sulphinic acid with cone. HCl. It is a base. 
Microscopic prisms (got by adding NII 3 to its 
solution ir. HCl). V. sol. alcohol and ether, but 
separates from them in a resinous form; si. sol. 
water. Dissolved by treatment with water and 
sodium amalgam (not NaOH alone) forming 
sodic amido-toluene sulphinate. 

Salts.—B'HCl: si. sol. HCl, v. sol. water or 
alcohol.—B' 2 H 2 S0 4 .—B'HBr: changes readily 
into amido-toluene sulphonic acid.—BTINO*: 
warmed with HNO„ forms amido - toluene 
sulphonic acid. 

Di-amido-toluene sulphinic acid C 7 H l0 N.,SO J 

1. e. C„II 2 Me(N HJ 2 S0 2 H. Tolylenc - di - amine 
sulphinic acid. S. -047 at 20°. From 
C 8 H.,Me(NH,,) 2 S0 2 SH by boiling with HCl (Perl, 
B. 18, 70). Silky needles (containing aq). V. si. 
sol. water, insol. alcohol, ether, and glacial 
HOAc.—PbA'.. 2aq: minute needles. 

AMIDO-TOLUENE SULPHONIC ACIDS 
C 7 H 1 ( NS 03 (Limpricht, B. 18, 2172). 

o-Amido-toluene sulphonic acid 
C u II 3 Me(NH,)S0 3 Haq[l:2:5]. o-Toluidine sul 
phonic acid. S. 2*76 at 12 J (TI. Ilasse). 

Preparation. —1. By heating the aoid sul¬ 
phate of o-toluidine at 220° 23J) 0 , or in a metal 
dish till solid (Nevile a. Winthcr, C. J. 37, 020; 
B. 13, 1941; Gerver, A. 109, 374; Pagel, A. 
170, 292). -2. By reducing the corresponding 
nitro acid (Foth, A. 230, 300). 

Salts. — KA'aq : tables and prisms. — 
NaA'4aq: tables.—BaA' 2 7aq: tables and prisms. 
—AgA': prisms. 

Reactions— 1. Bromine water forms first 
Cn v C, i H..Br(NII, > )RO :1 H [1:3:2:5] then di-bromo- 
toluidine C 0 JL(CH. ( )(NH 2 )Br 2 [l:2:3:5][46°] is ppd. 

2. Fused with alkalis or heated with water or 
aqueous IIC1 to 190° it forms o-toluidine.—8. 
Nitrous acid and alcohol givo m-toluene sul¬ 
phonic acid.—4. With o-toluidine at 235° it 
forms a red dye. 

o-Amido-toluene sulphonic acid 
C a H 3 Me(NII 2 )(S0 3 H) [1:2:3]. Obtained by re. 
ducing the corresponding nitro acid (Pechmann, 
A. 173, 215). Minute noedles; si. sol. cold 
water. Gives o-toluidine when fused with KOH. 

o-Amido-toluene sulphonic acid 
C b H ;) Me(NH 2 )(SO ; ,H)aq [1:2:4]. From the nitro 
acid (Bek, 1869, 211; Beilstein a. Kuhlbcrg, 
A. 155, 21; Weckwarth, A. 172, 193; Hayduck, 
A. 172, 204; 174, 343; Horzfield, B. 17, 904). 
Long needles or four-sided prisms. S. *974 at 11°; 
insol. alcohol. The aqueous solution is turned 
violet by Fe 2 Cl„. Potash-fusion gives o-amido- 
benzoic acid. Bromine gives di-bromo-toluidine 
sulphonic aoid. Salts.—NaA'4aq. f -KA'aq.-~ 
BaA' 2 2iaq.—PbA' 2 . 

Amide. — C a H 3 Me (N H 2 ) S0 2 NH 3 . [175°1. 

8. *22 at 23°. From O a H,Me(NOJSO^H, 
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[128°], NHp and H,S (Paysan, A. $21,210). Four- 
tided columns. 

S an.-C,H J Me(NH,Cl).S0 1 NH 2 . [240°]. 

m-Amido-toluene sulphonic acid 

C,H,M e (NII) S 0, II [1:3:2], m-Toluidine sul¬ 
phonic acid [275°]. By sulphonalion of m- 
toluidine (Lorenz, A. 172, 185). Tables or 
plates; si. sol. water. Bromine-water produces 
tri-bromo-toluidine. 

Salts. — BaA', Oaq.—rbA', 3 2 aq. 

m-Amido-toluene sulphonic acid 
C,H 2 Me(NH 2 )S0 3 Haq. S. (dry) T4 at 19°. From 
bromo-toluene sulphonic acid C s H 3 MeBrS0 3 H 
[1:2:4] by nitration and reduction (Hayduck, A. 
174, 350). Minute needles. 

p-Amido-toIuene e.ro-sulpbonic acid 
C s H 1 (NH 1 ).CH 2 .SO.,H [1:4]. p-Amido-bcnzyl-sul- 
phonic acid. S. -097 at 10°. Formed by reducing 
the nitro acid by Nil, and IIS (Mohr, A. 221, 
219). Prisms, insol. alcohol, si. sol. cold water. 

Salts.” KA'2.]aq. - BaA'..8aq. 

The diazo derivative, _> 

is converted into C y H,(0Et).CH,.S0 3 H by heating 
with alcohol under 1100 mm. pressure. 

p-Amido-toluene sulphonic acid 
C s H,Me(NH 2 )SO,IIaq [1:4:2]. p-Toluidinc sul¬ 
phonic acid. S. '45 at 20°. A product of sul- 
phonation of p-toiuidino (Sell, A. 120, 155; 
MalyehclT, Z. 1809, 212); formed also by re¬ 
ducing nitro-toluene sulphonic acid (Bcilstein 
a. Kulilberg, A. 172, 230). llhombohodra (con¬ 
taining aq). llcduccs warm anunoniacal 
AgNO,. Its aqueous solution is turned red by 
Fe a Cl„ (Herzfeld, D. 17, 901). 

Salts.—KA'.—Ba A'.,aq.—PbA',. 

Amide. — C t H.,Me(NH 2 )S0 2 NH 2 . [164"]. 
From 0,H. ) Me[N0 2 ).S0 2 NH, [180°] by reducing 
with Nil.,, ami II,S (Heffter, A. 221, 209). Salt: 
C,H s Me(NH 3 Cl)S0 2 NH. ; converted by cone. 1IC1 
and nitrous acid into C„H 3 MeCl.S0 3 NU 2 [138°]. 

p-Amido-toluene sulphonic acid 
C a B 3 Me(NIL)S0 3 II [1:4:3]. S. 10. 

Preparation. —1. By sulphonating p-tolui- 
dine at 180° ; tho preceding acid is also formed, 
especially if the operation is protracted (Pecli- 
mann, A. 173, 195). - 2. By heating p-toluidino 
acid sulphate at 220°-240° (Nevilo a. Winthcr, 
C. J. 37, 632). 

Properties, —yellowish crystals. Less soluble 
in cold water than the o-compound. 

Reactions.- X. Bromine forms much di- 
bromo-toluidine, C„n 2 (CH 3 )(NH 2 )BrBr [1:4:3:5], 
[73°] and also a bromo-toluidine sulphonic acid. 
2. Water at 180° forms p-toluidine and H.SO,.— 
8. Potash-fusion gives p-oxy-benzoic acid.— 
4. Nitrous ether gives m-toluene sulphonic acid. 

Salts. lia A'., 3aq.—PbA',2aq. AgA'.The 
K salt is insol. in cold KOHAq (diflerenco from 
preceding acid ; Schneider, Am. 8, 274). 

Amido-toluene-o-sulphonio acief 
C,H a Me(NH ! )(S0 3 H) [1:*:2]. S. -34 at 22°. 
From the (1,4, 2) acid by nitration, removal of 
NHj, and reduction (Pagel, A. 176, 305). - 
BaA' 2 2’,aq. - PbA',aq. 

Amido-toluene sulphonic aoid. Obtained by 
redueingAhe product of successive sulphonation 
and nitration of toluene (Hayduck, A. 177,67).— 
Minute crystals (containing aq).—BaA',. 

o-Amido-toluene di-sulphonic acid 

0,H,NS 3 0, >4. C,HjMe(NHJ(SO ; H), [1*8:5]. 


o-Toluidim di-suMlonic acid. Formed from 
C,H,Me(NH,)SO,H [1:2:6] and fuming H,SO. by 
heating an hour at 160° (Nevile a. Winther, C. J. 
41, 421). Needles, grouped in stars; sol. water 
and alcohol. 

Salta (H.Hasse, A. 230, 287).—BaA"3aq.— 
Bail ..Vh 3 pup — KA" 2aq. — Na .A" Gao. — 
CaA" 5aq.-PbA" 2aq.—PbfI 2 A",61aq. 

Reactions. —1. By conversion into tha 
diazo compound and subsequently boiling with 
HNOj it is converted into di-nitro-o-oresol 
C„H..Mo(OH)(N 0. 2 ), [1:2:S:6].-2. At about 240° 
it splits up into SO, and C (i H,Me(NH.)(SO,H> 
[1:2:6],—8. By Ci.SOjH at 230° it is changed 
into an isomeric acid with a salt K 2 A" Gaq. 

u-Amido-toluene disulphonic aoid 
C„H.,Me(NII,)(S0 3 H),2aq [1:2:4:*]. From 

C„H : ,Me(NH 2 )(S0 3 H) [1:2:4] and C1S0 3 H at 170° 
(Saworowicz, B. 18, 2181). Minute prisms. 
At 300° it decomposes into SO, and 
C u H.,Mo(NH 2 )S0 3 II[l:2:4]. Salts.-BaA"2aq.— 
CaA" 2aq. 

m-Amido-toluene disulphonic acid 
C H.Me(NH 2 )(S0 3 II) 2 [1:3:2:*]. By sulphona¬ 
tion of m-tolimlino (Lorenz, A. 172,188). Easily 
splits up into SO, and the mono-sulphonic acid. 

S a 11 s-Ball 2 A" 2 (? 12.4) aq.-PbA" 2aq. 

p-Amido-toluene-disulphonic acid 
C„II 2 Me(NH 2 )(S0 3 II) 2 [1:4:2:3], From p-tolui- 
dine and fuming H 2 SO, at 200° (Pechmann, A. 
173,217). Nodules; v. o. sol. water and alcohol. 

Salt.- BaA"3uq: lamina'. 

7 >-Amido-toluene-di>ulphonio acid 
CJl,Me(NH 2 )(S0 3 H) 2 2.!aq[l:l:2:.r]. Formedfrom 
C,H 3 'Mc(NH.j(K0 3 H) [1:4:2] by C1S0 3 H at 150® 
or fuming H,SO, at 180° (L. ltichter, A. 230, 
331). Long silky needles, v. sol. water, sol. 
alcohol. At 290 it splits up into SO, anti 
C u H 3 Me(NH 2 )(S0 3 H) [1:4:2], 

Salts. — BaA"aq. — BaII,A",l|aq. — 
BaH 2 A" 2 Aaq.—K, A" 2aq.—Pb A" 1 Jaq. 

p-Ami’do-tolucne-disulphonio acid 
C 0 H„Me(NII.)(SO,II)..2aq [1:4:3:*]. Formed from 
C,.H>le(NH )(S0 3 H) [1:4:3] and H,SO, or 
CISO : ,H (L.’ltichter, A. 230, 314). Mass of 
minute noodles (from water). With water at 140 
(or dry at 200 ’) it splits up into SO, and 
C 3 H 3 Mc(NH 2 )(S0,H)[1:4:3]. Thisacidisperhapa 
identical with that of Pechmann. 

Salt s.—BaA" 3aq.—BaH,A",3aq.—K,A"2aq. 
—PbA".—PbA" 2aq. 

Diazo derivative ”C s H 2 Me(N 2 SO,)"SO,H. 
V. sol. water, in so! alcohol. KA'.—BaA' 2 .—PbA',. 

Hydrazine derivative. —From the diazo 
acid by SnCl 2 . 

(C.H 2 Me(N 2 H J )(SO,H)SO,). 2 Ba2$aq. - 
Eeduccs HgO, ammoniacal AgNO,, Fe,01, and 
Folding solution. 

Amido-toluette di-Bulphonio aoid "ssg.y.u, 
C„H 2 (NH 2 )Me(S0 3 H),(?2)aq. Fromp-bromo-tolu- 
ene disulphonic acid by nitration, and redaction 
of the resulting nitro-toluene disulphonic acid* 
(Kornatzki, A. 221,198). 

Di-amido-toluene e*o-sulphonio aoid „ 
C,H„N 2 SO, i.e. C,H,(NH j ) 2 CH 2 SO,H. Di-amida- 
bcnzyl-sulphonic-acid. Formed by reducing: 
C„H : ,(N0 2 ) .CH..S0 s H with NH, and H,S (Mohr,. 
A. 221,228). Silky needles. 

Di-amido-toluene sulphonic acid 
C,H,Mc(NHJ 2 S0,H [1:2:4:6]. Formed from 
C.H;Me(N0 2 )(NH 2 )S0,H and SnCl, (Fotb, A. 
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*80, 809). Small brownish prisms, rhombohedra 
(from water). Salt s.—HA'HOI aq: prisms, da- 

-composed by boiling water_HA'HBraq.— 

SaA' s 6iaq.—KA' aq. 

0-AMIDO ■ TOLUENE - THIO - 8ULPHONIO 

ACID 0,H,NS 2 0 2 i.e. 0,H s Me(NH 2 )S0 2 SH [1:2:4]. 
Prom C,H,(N6.)MeSO.Cl and ammonio sulphide 
(Iiimpricht a. Paysan, A. 221, 860). Pour-sided 
prisms. Decomposes without melting at 116°. 
81. sol. cold water, insol. alcohol. Warmed with 
HC1 forms S and toluene sulpbamine. Salt.— 
AgA'. 

p-Amido-toluene thio-sulphonic acid 
C,lI,(NH 2 )Me.SO. ( 8Il [1:4:5]. Formed from 
C t H 3 (N0.. i )MeS0..Cl [44°] and ammonio sul¬ 
phide (Limpricht a. Heffter, 4.221, 345). Hard 
yellowish prisms (from water). Decomposed at 
120° without melting. Insol. alcohol or ether, 
si. sol. water. Decomposed by HC1 with deposi¬ 
tion of S and formation of C s H.,(NH 2 )MeS0 2 H. 

Salts: BaA'„2aq.—AgA'. 

Di-amido-toluene thiosulphonic acid 
•C I H„,N 2 S. J 0 2 i.c.C 6 H a (CH a )(NH.,) 2 .S0..HH. [152°]. 

Formation. —1. By reduction of di-nitro- 
tolucne-sulphonic chloride with NH,1IS.—2. By 
reduction of di-nitro-toluene sulphinic acid with 
NH,HS. Small silky prisms. V. si. sol. water, 
insol. alcohol and ether. 

Salts.—A'Ag: white insol. pp. ~ A'Na: large 
tables--A' 2 Pb: easily soluble (Perl, B. 18, 67). 

AMIDO-TOLUIC ACIDS C a H„N0 2 . Amido- 
toluylic acids. 

(a)-amido-o-toluio acid C,H„Me(NH 2 )C0 2 H 
[1:4:2]. [196°]. Formed by reducing (u)-nitro- 
o-toluic acid (Jacobsen, 13. 17, 164). Small 
prisms, v. sol. hot alcohol, and hot water, si. sol. 
cold water. Converted by nitrous acid into 
oxy-toluic acid [172°]. 

(fl)-amido-o-toluic acid C,H.,Me(NH 2 )C0 2 H 
[1:6:2] [191°]. Formed by reducing (ffj-nitro- 
.o-toluic-acid (Jacobsen, B. 16, 1959; 17, 164). 
Small needles, v. sol. cold water. Converted by 
nitrous acid into oxy-toluic acid [183°]. 

(•yj-amido-o-toluio acid C,H,Me(NH 2 )C0 2 H 
[1:6:2], [163°] (Hoenig, 13. 18, 3449); [c. 
165°] (J.). 

Formation.—1. By reducing (-y)-nitro-o- 
toluicacid.—2. By heating nitro-phthalide [141°] 
with HI and P at 205°. Colourless needles; 
may be sublimed, but at 200° it splits off C0 2 
forming m-toluidine. V. sol. hot alcohol, m. 
sol. hot water and ether, si. sol. chloroform, 
benzene, and cold water. Nitrous acid produces 
-oxy-toluic acid [179°]. 

Salts: HA'HCI: slender needles.—“CuA' 2 . 
—HA'HjPO,: plates. 

Amido-m-toluic acid C 2 H 2 Me(NH 2 )C0 2 H 
£1:4:3] or [1:4:5]. 

ii iFii esiffnii—1. The hydnjjhloride is ob¬ 
tained by warming methyl-isatoic acid with 
HClAq (Panaotovid, J. pr. [2] 33, 61).—2. The 
-same acid is got from m-toluic acid by nitration 
and reduction (Jacobsen, B. 14, 2354 ; compare 
Pana^lovid, he. cit.). 

Properties. —Trimetric, thread-like rods (from 
water). SI. sol. water, v. sol. alcohol and ether. 
:Salt: HA'HCI. [207°]. Colourless trimetrio 
; prisms ; m. sol. water and alcohol, si. sol. ether. 

Methyl ether C 4 H 2 Me(NH 2 )C0 2 Me. [62°]. 
From methyl-isatoic acid and MeOH at 180°. 
flender columns-, si. sol. water. 


Amide 0,H,Me(NH ! )C0.NH 2 . p78 9 ]. From 
methyl-isatoio acid and NH,Aq. Small columns 
(from water) j v. sol. alcohol. 

Anilide C,H,Me(NH 2 )CONPhH. [240°], 
Pearly tablets (from alcohol) j v. si. sol water. 

Phenyl-hydrazide C,H 2 Me(NH.,).CO.N 2 H 2 Ph. 
[198°]. From methyl-isatoio acid and phenyl, 
hydrazine. Pearly crystals (from alcohol); v. 
si. sol. water. Forms a violet solution with 
cone. HjSO,. 

(U)-Amido-toluic acid C,H 2 (CH.,)(NH 2 )(C0 2 H) 
[1:2:3], [132°]. Obtained by nitration and 

reduction of m-toluic acid (Jacobsen, B. 14, 
2354; compare Panaotovic, J. pr. [2] 33, 61). 
Small flat prisms ; m. sol. water. 

Amido-m-toluic acid. Benzoyl deriva¬ 
tive C,H ? (NHBz)MeC0 2 H [6 or 6:1:3], Formed 
by oxidation of benzoyl iso-cymidino (Kelbo a. 
Warth, A. 221, 168). Small yellowish needles 
(from alcohol). 

DI-AMIDO-DITOLYL C„H 1S N 2 . 

Di-amido-ditolyl 

[4:3:1] (NH 2 )MeC 6 II a .C a lI,Me(NH 2 ) [1:3:4]. 0 - 
Tolidine. [112°j. 

Formation. —1. By passing C1 2 0 into an 
ethereal solution of o-liydrazotoluene (Petrieff, 
B. 6, 557).—2. By heating o-hydrazo-toluene 
(Petrieff, 13. 6, 557).—3. By heating o-hydrazo- 
toluene with IIC1 (Schultz, B. 17, 407).—4. By 
warming an alcoholic solution of o-azo-toluene 
with SnCl 2 and 11C1 (S.). 

Pearly plates; v. sol. alcohol and ether, si. 
sol. water. Converted by diazo reaction into m- 
ditolyl. Converted by boiling its diazo-perbro- 
mide with alcohol, into a di-bromo-ditolyl, which 
oxidises to bromo-m-toluic acid [1:2:4], [205°]. 
Salts.—The sulphate and hydrochloride are 
sparingly soluble in water. • 

Acetyl derivative C 12 H,Me 2 (NAcH) r 
[315° cor.] 

Di-amido-ditolyl. m-Tolidinc. 

Tho sulphate, B"H 2 SO„ separates slowly 
when a few drops of H 2 SO, are added to an 
alcoholic solution of m-hydrazotoluene (Gold¬ 
schmidt, B. 11, 1626). Tho free base has a low 
melting-point. Gives a blue colour with Fe 2 Cl a . 

* Di-amido-ditolyl.’ [107°]. Formed by the 
action of S0 2 or of SnCI 2 and HC1 upon an 
alcoholic solution of p-azo-toluene (Melrns, B. 
3, 554 ; Schultz, 13. 17, 472). Silvery plates. 
Gives a blue colour with Fe 2 Cl s . Fischer (B. 
25, 1019) has shown this body to be tolylene- 
toiyl-diamine. 

Di-amido-u-ditolyl 

[4:3:1]. (NH.,)MeC a H,.C a H,Me(NH 2 ) [1:2:4] f 

o-m-Tolidinc. Formed by the action of 
SnCl 2 and HC1 on an alcoholic solution of 
o-m-azo-toluene. By diazotisation in alcoholic 
solution it is converted into a ditolyl of boiling 
point 270° which on oxidation gives isophthalio 
acid. • 

Salts.—B"H 2 C1 2 : easily soluble silky needles. 
—B"H 2 SO, x : very sparingly soluble plates 
(Schultz, B. 17,471). 

AMIDO-TOLYL-BENZAMIDINE C u H 1s N, m. 
NH 2 .C a H a Me.NH.C(NH).C a H a [212°]. From ben- 
zonitrile and (l:2,4)-tolylene-diamine hydro¬ 
chloride (Bernthsen a Trompetter, B.4. 1,1758). 
White needles.—B'HCl: prismatio tables. 

AHIDO-TOLYL-ISO-BUTANE C„H, t N i*. 
C t H l Ue(O l H l )NH l [1*2]. (248°). From 0 - 
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tolnidine and isobutyl alcohol (Effront, B. 17, 
2320). Salt s.—B'HCl.—B'HBr.—B' jHjSO-— 
B'AC,0, 

Acetyl derivative [162°]. Plates. 
Benzoyl derivative [168°]. Needles. 
Amido-tolyl-isobutane C s II,Me(C,II,)NH ; 
[1:3:2]. (244°). From o-toluidine, isobutyl alco¬ 
hol, and ZnCl 2 (Erhardt, B. 17, 419; Effront, 
B. 17, 2340). Formyl derivative [105°]. 
Acetyl derivative [142°]. 
0 -AMIDO-TOLYL-ETHANE C,H, a N i.e. 
0„HjMe(NHj)Et (230°). Mcthyl-clhyl-phcnyl- 
amine. Amido-ethyl-tolucnc. From o-toluidine, 
alcohol, and ZnCl, at 270° (Benz, B. 15, 1650). 
Salt s.—B'ASO,.- B'jH-C.O.. 

Acetyl derivative [106°]. (314°). 

DI - AMIDO - DI - TOLYL - ETHYLENE DIA- 

MINE V . M-TOLYLENE-ETIIYLENE-TETKA-AMINE. 

AMIDO - TOLYL MERCAPTANS C 7 H 9 NS. 
Amido-thio-cresols. Amido-tolyl sulphydrate. 
Prepared by reducing the chlorides of the cor¬ 
responding nitro-toluene sulphonic acids (Hess, 
B. 14, 488). 

Amido-o-tolyl mercaptan CJI 3 Me(NH 2 ).SH 
[1:4:2J. [42°]. Sol. alcohol, ether, alkalis, 

and acids ; oxidised by air. 

Salt.—B'HCl: prisms or tables. 

Acetyl derivative[ 195°]: slender needles; 
insol. HC1. 

Amido-w-tolyl mercaptan C H H 3 Me(NH 2 )SH 
[1:4:3]. Oil; oxidised in air gives with HgCl 3 a 
white crystalline pp.; with Pb(OAc) 2 a yellow 
amorphous pp. Gives anhydro compounds with 
formic acid, acetic anhydride, and benzoyl 
chloride. 

Amido-p-tolyl mercaptan C u H s Me(NIL J )SH 
‘[1:2:4]. Oil. Oxidised by air to the disulphide. 
Salt.—B'HCl: short needles. 

Acetyl derivative [240°]. 

Amido-tolyl mercaptan C 6 II 3 Me(NH 2 )SH 
[1:2: ?J Prom o-nitro-tolueno sulphochlorido 
[36°]. Oil. 

Salt. — B'HCl aq: six-sided tables. Gives 
with Pe 2 CI n a pp. of the disulphide. HgCl 2 
gives glistening plates, and alkaline lead acetate 
gives a yellow pp. 

AMIDO-TOLYL METHYL KETONE C*H u NO 
i.e. [1:2:5] C # H 3 (CH 3 )(NH 2 ).CO.CII 3 [102°]. 
(280°-284 l> ). Prepared by heating a mixture 
of o-toluidino (1 pt.), ZnCh (2 pts.), and acetio 
anhydride (3 or 4 pts.), for 8 or 9 hours (Klingel, 

B. 18, 2G9G). Plat white needles. V. sol. 
alcohol, ether, and hot water, v. si. sol. benzene 
and petroleum-ether. Salts.—B'HCl: flat 
white soluble prisms.— B' 2 H 2 Cl 2 PtCl 4 : yellow 
needles, v. sol. alcohol, si. sol. hot water, in¬ 
soluble ether.—B' 2 H 2 S0 4 : white needles. 

Acetyl derivative 

C„H 3 Me(CO.Me)(NHAc), [144°]; white crystals; 
V. sol. alcohol and warm water. 

AMIDO-TOLYL.(aa).DIMETH*-PYRROL 

C, NH,Me,C.H B NH,. [73°]. (322°). Obtained 
by heating its dicarboxylic acid (v. infra). 

m - AMIDO - TOLYL - (aa) - DI-METHYL-P7B- 
EOL ( 0 B)-DICARBOXYLIC ACID 0| 1 H„N,0 4 i.e. 
C,NMa,(C,H,NH.,)(CO J H) s . From m-tolylene 
diamin% and diacetyl-succinio eth* (Knorr, A. 
236, 813). Yellow platea (containing 2aq). At 
203° it gives CO, and m-amido-tolyl-(aa)-di- 
tnethyl-pyrrol. Ether Et,A" [134°]. 


AHIDO-TOLYL-OCTAEE a t H*N U 
C,H 1 Me(NHJC,H|,. [325°]. From B-oetyl alco¬ 
hol, o-toluidine, and ZnCl, at 280° (Beran, B. 18, 
145). Salt a.—B'HCl.—B’,H,SO,.- B',H,C,0 4 . 

Acetyl derivative [81°]. 

DI-AMIDO-DI-TOLYLOXAMIDE v. Oxalyl- 

DI-TolVIjENE-TKTHA-AMINE. 

AMIDO-TOLYL SULPHYDRATE v. Akibo- 

TOLVL MERCAPTAN. 

DI-AMIDO-DI-TOItYL SULPHIDE 

C„H„N,S i.e. (C,H,MeNH,),8 [1:4:2]. Tliio- 
toluidine. [103°]. Prepared by heating p-tolu- 
idine, sulphur, and litliarge together at 160° 
(Merz a. Weith, B. 4, 393). Lamina (from alco¬ 
hol) ; al. sol. water. 

Salta.—Decomposed by water.—B" 2HC1 al. 
sol. cone. HClAq. B"H.,l>tCl„. — B"H„80,.— 
B"H,SO ( 2aq. - B"ILBr r - B"IL,l,. — 
B"(C,Hz(N0 2 )jOH), [179“J: silky yellow needles 
(from benzene); v. al. sol. ether and cold water. 

Diacetyl derivative [211°]. 

Dibenzoyl derivative [186°] (Truhlar.B. 
20, 664). 

Di-amido-di-p-tolyl sulphide v-carboxylie 
ether S(C a H,Me.NIl.CO,Et),. Thio-p-tolyl 
urethane [113°]. From the preceding and 
ClCO,Et. Crystals; v. sol. alcohol, ether, and 
benzene (T.). 

AMIDO-TOLYL-UREA C s H M N,0 i.e. 
NHj.CO.NH.OjHjMe.NH,. Formed, in small 
quantity, by the action of tolylene diamine 
sulphate on potassium oyanate (Strauss, A. 
148, 159). V. sol. alcohol. 

Di-amido-di-p-tolyl-urea CO(NH.C,H s .NH,),. 
Formed by reducing the corresponding nitro- 
oompound (A. G. Perkin, C. J. 37, 700). Minute 
satiny needles; si. sol. alcohol.—B" 2HC1. 

AMID0-TYE0S1NE C„H„N,0, i.e. 
C e H s (OH)(NH,).C,H 1 (NII,).CO,Il. From uitro- 
tyrosine (Beyer, Bl. 1867, ii. 369). Crystalline 
powder; v. sol. water, si. sol. alcohol. 

SaHa.—B"II.Cl,aq.-B''H,S0 4 .—B"2H,S0 4 . 
—(B"H,SO ( )„ZnS0 4 . 

AM1D0-UEAMID0-BENZ0IC ACIDS 
C,H,N,O s i.e. NH,.CO.Nli.C,Hj(NH,).CO,H. 
Prepared by reducing the two nitro-uramido- 
benzoic acids (Griess, B. 5,195). 

(a)-Acid. Plates; si. sol. water, v. si. sol. 
alcohol. Salts.—IIA'HCl.—AgA'. 

(B)-Acid. Plates; m. sol. hot water. Forms 
no hydrochloride. Boiling aqueous baryta or 
IIC1 forms NH S and amido-oarboxamido- 
benzoio acid, of which tho barium salt, 
Ba(C,H s N..O.,),.4aq crystallises in noodles. 

(a) - AMIDO - UVITIC ACID C,H,NO, i.e. 
C U H,(NH,)(CH 3 )(CO,H), [2:1:8:6] (?). Colourless 
solid. SI. sol. water. Prepared by reduction of 
(a)-nitro-uvitic acid (Bottinger, B. 13, 1933). 

(B)-Amido-u* itic acid [o. 255°] 

B. 9, 807). 

AMIDO-VALERIC ACIDS C^NO,. 

o-Amido-n-valerio acid 
CH,.CH,.CII,.CH(NH,).CO,H. 

Formation. —1. From n-butyric aldehyde- 
ammonia and aqueous HCN (Lipp, A. 211, 359). 
2. From its benzoyl derivative which ocours 
among the products of oxidation of benzoyl- 
coniine (Baum, B. 19, 606).—3. From bromo- 
valeric acid and NH,Aq at 130° (Juslin, Bl. [2] 
87, 3). 
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etohmmgplate*; T - *° I - 
WMW, el. Sol aloohol, insol. ether; may he 
sublimed. Has a sweet taste. Is optioally in- 
aotive. Neutral to litmus. 

Salts. — HA'HCl: needles or groups of 
prisms; only deliquescent in very moist air. 
—HA HNO,. — (HA'HCl) 2 PtCl,. - Cu.4' 2 : small 
bine plates, si. sol. water, insol. alcohol.—AgA': 
Oystaliine pp,, si. sol. water. 

•y-Amido-valeric acid 

DH,.CH(NH ! ).CH....CH„.c6;h. [193° uncorr.]. 
Obtained by reduction of the plienyl-hydrazide 
of j8-aceto-propionic acid— 
CH 2 .C(N 2 HPh).CH,,.CH...C0 2 H in alcoholic solu¬ 
tion with sodium amalgam and acetic acid (Tafel, 
B. 19,2115; 20,249). Whito plates. V.sol.water, 
nearly insol. alcohol, insol. benzene and ether. 
On heating it splits off 11,0 and the anhydride 
distils. The hydrochloride forms glistcnin 
plates, easily soluble in alcohol. 

Anhydride ™ 1 

CHj.CH.CH.,.CH ,.CO. J 
methyl-pyrrol di-hydride. (218 ’ i-V?) at 7-13 mm. 
colourless liquid which solidities in a freezing 
mixture. V. sol. water, alcohol, ether, and ben¬ 
zene. Its nitrosaminc is a yellow oil. 

a-Amido-iso-valeric acid 
(CH s ).,CH.CII(-\iI..).COJI. 

Funnation. —1. From Nil, and e-bromo-iso- 
Talerio acid (Cahours, A. Suppl. 2, 83 ; Fittig a. 
CSark, A. 139, 199; Schmidt a. Sachtleben, A. 
193, 105) or a-chloro-iso-valcric acid (Schle- 
busoh, A. Ill, 320).-2. From its nitrile (Lipp, 
A. 205, 18; B. 13, 905;. 

. -Properties.—Colourless laminae, composed of 
minute monoelinio prisms; v. sol. water, v. si. 
sol. cold alcohol or ether. Neutral. May be 
sublimed. 

Salts. — HA'HCl: large tables, not deli¬ 
quescent in moist air. — HA'IINO*. — CuA' : 
scales, si. sol. hot water. — AgA': spherical 
groups of crystals, v. si. sol. water. 

Amide Me 2 CH.CH(NHJ.CO.NH a . Thehy. 
droohloride, got by action of fuming HC1 on 
the nitrile, forms monoclinic plates, v. sol. water 
—(B'HCl) 2 PtCl,: prisms. 

Nitrile Me 2 CH.CH(NH 2 ).CN. From iso- 
butyrio aldehyde ■ ammonia and HCN (L.). 
,Tellow oil; m. sol. water, v. sol. alcohol and" 
ether; gradually changes to imido-di-valero- 
• nitrile,NH(CHFr.CN) 2 ,givingoffNil,. Salts.— 
B'HCl: insol. ether. - (B'HCl) 2 PtCl 4 . 

S-Amido-iso-valeric acid 
<CH,) 2 C(NH 2 ).CH 2 .C0 2 Haq [o. 215°]. 

Formation.— 1 . Among theproductsof oxida¬ 
tion of the sulphate of diacetonamine (Heintz, 

A. 198, 51).—2. By reduction of 8-nitro-iso- 
v alerio aci d (Bredt, B. 15,2321). 

''Ffd^lrties. - Crystalline ponder; begins to 
sublime at 180°. V. e. sol. water, si. sol. alcohol, 
inaol. ether. 

‘Salts.—HA'HCl aq; needles, [e. 120°1.— 
4pA'BM31) 2 PtCl J . — CuA' a 2aq : large crystals.— 
AgA (AgA') 2 AgN0 2 aq. 

Amido-valeric acid C„H,(NH 2 )0 2 . Found 
In the radicles of the sprouting lupin seeds. It 
OOOurs along with amido-phenyl-propionic acid, 
from which it may be separated by virtue of the 

C ter solubility of its copper salt (Schulze a 
>ieri, J. pr. [2] 27, 352). ' 


. FropertUe. — (flittering plates, resemblino 
lenome (from aloohol). When heated, a woolli 
substance sublimes .out of it. Gives no pp 
with ouprio hydrate or acetate (difference from 
ieuoine). Salt.-HA'HCl: deliquescent prisms. 

Constitution. — Probably identical with 
inpp s a-amido-n-yalerio acid (A. 211 , 354 ). 

Amido-valeric acid. Occurs in the pancreas 
of oxen (Gorup-Besanez, A. 98, 15). Prisms; 
v. si. sol. alcohol (difference from leucine). The 
hydrochloride forms slender deliquescent 
needles. An amido-valerio acid was found by 
bchutzenberger (A. Ch. [5] 16, 283) among the 
products of the decomposition of albumen bv 
baryta-water. J 

AMIDO.VERATBIC ACID v. di-methyl-di. 
oxT-AMino-BnNZoio acid. 

AMID0XIM8. Oxy-amidincs. Oxy-imid- 
gamidcs. The oxims of amides, the general 
formula being R.C(NOH).NH,. 

Formation. —1. By action of hydroxylamine 

uponnitriles:E.CN + N(OH)H 2 = R.C(NOH).NH 2 . 

2. By heating the thio-amides with alcoholio 
solution of hydroxylamine (Tiemann, B. 19,1668) • 
B.CS.NH... + H...NOH = lt.C(N01I).NIT, + H 2 S. 

Properties The amidoxinis combine with 
acids ; they also contain hydrogen displaceable 
by metals. The acid salts of tho alkaline 

metals EC(NOK).NH 2 ,RC(NOH).NH 2 crystallise 
"•ell. Ihe stability is increased by the presence 
of electro-negative substituents; thus, nitro- 
benz-amidoxim can be reduced to amido-benz- 
amidoxim without destruction of the amidoxim 
group. 

Ethers. —R.C(NOEt).NH 2 . Thesearoformed 
j by the action of iodide of ethyl (or of otheralkyls) 

- upon the alkaline salts, such as B.C(NOK).NH 
They arc bases. 

Bcactions. —-1. Split up by treatment with 
aoids or alkalis into NH„ hydroxylamine, and 
the correspondingaeid; B.C(NOH).NH, + 2H,0 =. 
B.CO.OH + H 2 NOH-f NH.,. This reaction takes 
place most readily with methenyl-amidoxim 
(lsuretine) and ethenyl-amidoxim, while bcnzenyl- 

amidoxim requires long boiling with HCl before 
it is decomposed. In this saponification of 
anudoxims the amide seems to be first formed ■ 
R.C(NOH).NH 2 + HjO = B.CO.NH., + H 2 N OH.—2, 
Ihe hydrochlorides are converted by sodium ?ti- 
trite into amides: R.C(NOII).NH,HCI + NaNO, = 
B.CO.NHj + NaCl + N 2 0 + H a O.— 3. They com¬ 
bine with phenyl cyanate forming bodies called 
uramidoxims; c.g.: Ph.C(NOH).NH., + PhNCO- 
Ph.C(NOH).NH.CO.NHPh.—4. Chlorides of acid 
radicles, B'.CO.CJ, form alkoyl derivatives. 
R.C(N.O.CO.R').NH a , which can split off water 
forming azoxims B.C^°^>CB. These 

azoxims, although of high boiling point, are 
extremely volatile in the vapour of other 
liquids, ev^u ether.—5. Dibasic organic 
anhydrides give rise to carboxylio acids of 

azoxims, e.g.: B'.C(NOH).NH, + R"<^>0 - 

B '°<N°>0 R "-C0 2 H + HjO.—6. Chloroformie 

P™!“ ea bodies of the composition 
B.CfNHJiNfO.COjEt.—7. Carbonyl . chloride 
gives carbonyl-di-oximi, (R,C(NH 2 ):N.O) 2 CO.— 

8. Chloral form* orystalline addition-proJuots. 
Beferenue. —Tiemann, B. 18, 1060, 2456, 
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19, 1475. The Amidoximi are deaoribed as 
Formamidoxim, Ethenyl-amidoxim, Hexoamid- 
OXIM, BeNZAMIDOXIM, ClNNAlUDOXlM, TOLUAMID- 
OX1H, Benzamidoxim cabboxylic acid, Nitro-benz- 

AMIDOXIM, *0. 

AMIDO-XYLENE v. Xylidine. 

Akco-Amido-xylene CH 3 .C I( H 4 .CH 2 .NH 8 [1:3?]. 
(196°). From CH.,.C a H 1 .CII a Cl and alcoholic 
NH S (Pieper, A. 151, 120). Oil. Salts.— 
B'HCl [185°].—B' 2 H,PtCl a . 

Exo - Amido -p - xylene CH 3 .C a H 4 .CH,.NH.j 
[1:4]. From CH 3 .C 8 H 4 .CS.NH 2 , tin, and" HC1 
(Paterno a. Spica, B. 8, 441). 

di-Amido-xylene v. Xylylenk diamine. 

tri-Amido-xylene C h H, s N, i.e. C ti HMe 2 (NIX,) 3 
[1:3:4:6:2]. Formed by reducing tri-nitro-ro-xylene 
[177°] (Greving, B. 17, 2427). White noodles 
which may be sublimed. 

AMIDO-XYLENE-SULPHONIC ACID 
0 8 H u NS0 3 . 

Aim do-xylene Bulphonic acid 
C 0 H,(NH,)Me.,SO 3 H [4:1:3:6], S. -276 at 0°; 
*735 at 100°. From (l,3,4)-xylidino and H 2 S0 4 
or from nilro-m-xylene sulphonic acid (Jacob¬ 
son a. Leddorboge, B. 16, 193). Salts.—NaA'aq 
and KA'aq form large trimotrio tables. —BaA' 2 aq: 
minute noodles, v. sol. water.—BaA' 2 2aq (Sartig, 
A. 230, 334; Nolting a. Kolm, B. 19, 137). 
Diazo compound C a II 2 Me. ! N.,S0 3 : plates. 

Amido-p-xylene sulphonic acid 
C s H 2 Me 2 (NII 2 )(S0 3 H) [1:4:6:2]. From p-xylone 
sulphonic acid by nitration and reduction (Nol¬ 
ting a. Kohn, B. 19, 143). Needles (with aq): 
si. sol. cold water. Its salts arc easily soluble. 
Does not give xyloquinono on oxidation. 

Amido-p-xyleno sulphonic acid 
O ti H 2 Me.,(NH,)SO s H [1:4:2:5]. From amido -p- 
xylene and furajpg H 2 S0 4 or by heating its acid 
sulphate at 230°. Readily oxidised by Cr0 3 to 
xyloquinone. Salls.---NaA': plates, v. sol. 
water.—BaA' 2 7aq (Nolting, B. 18,2004; 19,141). 

Di-amido-xylene sulphonic acid 
C a HMo 2 (NH 2 ) 2 SO s H [1:3:G:?:4]. From nitro- 
xylidine sulphonic acid and ammonium sulphide 
(Limpricht, B. 18, 2190; Sartig, A. 230, 313). 
Fawn-coloured prisms, si. sol. water, insol. alco¬ 
hol. Fc 2 Cl a colours the solution wine-red. Salts: 
BaA' 2 3 2 aq.—KA' aq.—PbA' a . -HA'llCl aq. 

AMIDO-m-XYLENOL C 8 H n N0 i.e. 
C a H 2 Me 2 (NH 2 )(OII) (1:3 :x:y}. [161°]. Got by 

reducing nitro-xylenol(Pfaff, B. .16,1137). White 
glistening crystals. Salt: B'HCl: plates. 

Amido-jj-xylenol C (i H 2 (CH 3 ) 2 (NH 2 )(OH) 
[1:4:3:G]. [242°]. White scales. Formed by 
reduction of nitroso-^-xylenol (phlorone-oxim) 
with tin and HC1 (Goldschmidt a. Schmid, B. 
18, 570; Sutkowski, B. 20, 979). CrO* oxidises 
it nearly quantitatively to phlorone. 

Salt: B'HCl: white crystals. 

AMINES. An amino is a body obtained by 
displacing hydrogen in ammonia by one or more 
aloohol radicles. They may be divided into 
mono-, di-, tri-, and tetra- amines according as 
it is considered that their molecule is derived 
from one, two, three, or four molecules of 
ammonia. Monamines are spoken of as primary, 
secondary, or tertiary, according as one, two, or 
three of the atoms of hydrogen in thf molecule 
of ammonia is held to have been displaced by 
one or more alkyls. If part of the hydrogen 
ba« been displaced by an acid radicle (alkoyl) 


and part by an alcoholic radicle (alkyl) the 
product may be viewed either as an amide or as 
an amine, thus NMeAoH may be oalled methyl- 
acetamide or acetyl-methylamine. In this 
dictionary the latter name will be used, such 
derivatives being described under the aminos 
from which they may be hold to be derived. 

; Fatty amines are amines in which the nitre- 
! gen is attached to carbon that does not form 
| part of a ring; aromatic amines are bases in 
i which the nitrogpn is attached to carbon in a 
, benzene nucleus. In addition to these there are 
| amines, such as pyridine and quinoline, in which 
j the nitrogen itself forms part of a ring, and also 
j others in which the nitrogen is united to carbon 
in rings other than that peculiar to benzene. 

Formation. —1. By the action of ammonia 
on the ethers of inorganic acids. The iodides, 
bromides, and chlorides of fatty, but not of 
aromatic, alkyls, combine with ammonia and 
with the amines (Hofmann, T. 1850, i. 93; 
1851, ii. 357): 

NH S + EtI = NElII.,1 
NElHj + EtI - N Et..H 2 I 
NEt 2 II + EtI = NKt’lII 
NEt 3 + EtI = NEt,I. 

The fatty alkyl iodides also act upon the 
hydriodides of the amines, in presence of 
ammonia: 

NH 3 + NEtHJ + EtI - NEt Mf + NH 4 I 

NH, + NEtJI.Jf + EtI - NEtjll + NH 4 I 
NH, + NEt 3 HI + EtI = NEt ,1 + NH 4 I. 

It is therefore impossible to prepare a pure 
base by this method; methyl iodide gives 
chiefly NMe 4 I, while ethyl iodide gives chiefly 
NEtH 3 I, but in the case of primary iodides, 
whatever proportions are taken, the entire series 
of salts is formed. Isobutyl iodide does not 
form the quaternary iodide, secondary butyl 
iodide forms hardly any tri-butylamine,but only 
mono- and di-butylamine, while tertiary butyl 
iodide is split up by NH, into isobutylene and 
, HI. NEt 3 at 100° splits up isopropyl iodide and 
! tertiary butyl iodide forming NEt 3 III and olefine 
(Hofmann, B. 7, 613; Reboul, O. B. 93, 69). 
{Secondary propyl, hexyl, and octyl iodides form 
only mono-amines when heated with ammonia 
(Jahn, M. 3,165). In the action of alkyl chlo¬ 
rides upon aqueous Nil*, the h igher the molecular 
weight, the less primary amine is formed (Mal- 
bot, C. R. 104, 998). 

Ammonium iodide can be separated by its 
insolubility in alcohol. The compounds NB S HI, 
NR 2 H 2 I, and NltH.,1 are decomposed by KOHAq 
with formation of KI and NB a , NIXH, or NRH* 

: respectively, while tetra-alkylated ammonium 
iodides are not affected. The following method 
may be employed in the preparation of fatty 
amines (Hofmanq, B. 3, 776). The alkyl iorjidg, 

, III, is heated with alcoholic N1I 3 at 100° ; the 
product is filtered from NH,I, evaporated, and 
distilled with potash. NIl 4 I remains behind. 
The distillate, dried by means of solid KOH, is 
cooled and treated with oxalic ether whijh is 
! slowly added. The following reactions then 
occur: 

EtO.CO.CO.OEt + 2NRHj» 
HRN.CO.CO.NRH + 2HOEI 
EtO.CO.CO.OEt + NR 2 H~ 
EtO.CO.CO.NRj + HOEt. 

Tbs reaction is completed by heat, and the 
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tertiary base, Nit,, which does not react with 
oxalic ether, is distilled off. The residue is well 
cooled and the solid di-alkyl oxamide separated 
from the liquid di-alkyl-oxamio ether by pressure. 
The latter is purified by washing with water. 
Boiling potash liberates the alkylamine from 
the di-alkyl oxamide and the di-alkyl-amine 
from the di-alkyl-oxamio ether. 

When the halogen is situated in a benzene 
nucleus ammonia cannq^. effect its displacement 
by amidogen unless other chjorous groups are 
also present in the nucleus. Thus o- and p- 
ohloro-nitro-benzene (but not m-chloro-nitro- 
benzene) are converted into nitro-anilines by 
alcoholio NH, at 100°. 

Primary monamines may be prepared by 
acting with KOII on the alkyl ammonium sul¬ 
phates (Morrison, Pr. K. 28, 893): 

MeNH ,SO, + 2KOII = K..SO, + MeNH, + 2H.O. 

2. By boiling alkyl cyanates with potash 
(Wurtz, C. B. 28, 223), thus: EtNCO + H..O = 
EtNH, + CO,_ Tho primary bases prepared by 
this reaction may be contaminated with secondary 
and tertiary bases. This occurs when tho potas- 
sic cyanato used to prepare the alkyl cyanates 
contains cyanide (Silva, C. It. 64, 299). 

3. Similarly, from thiocarbimidcs and H.,SO,: 
EtNCS + H,0 - EtNH. + COS. 

4. By tho reduction of nitro compounds : 

BN0, + 3H. j =BNH 2 + 2H 2 0. This reaction is 

chiefly used in the aromatic series, inasmuch as 
it is easy to prepare nitro derivatives of com¬ 
pounds containing a benzene nucleus. 

The following reducing agents may be used: 

(a.) Alcoholic ammonium sulphide. The 
compound is dissolved in alcohol, saturated with 
NH, and II, : S is then passed in. The solution 
is boiled, filtered from S, acidified, and evaporated; 
a salt of the base is then left: C,II 5 N0 2 + 3H 2 S = 
0,H,NH 2 +2H 2 0 + S, (Zinin, A. 44, 283). This 
method is especially usefnl in reducing nitro- 
azo compounds which would give hydrazo com¬ 
pounds if reduced in acid solution. 

Substances containing several nitroxyls 
usually have only one of them reduced when 
treated in this way. 

(6.) Zinc dust may ho used either alone, by 
mixing the substance with it and distilling, or 
it may be used in conjunction with water or 
aqueous potash: Zn + 2KOII = K 2 Zn0 2 + II,. 

(c.) Perrons sulphate and aqueous ammonia 
are nsed in reducing unsaturated and unstable 
compounds. 

(d.) Arsenious acid and NaOIIAq. 

(e.j An acid and a metal. For the acid, 
HClAq or HOAc is used; for tho metal, zinc, 
tin, or iron, is taken. Tin and HClAq give, as 
a rule, the best results. A mixture of zinc and 
th^is.as effective as pure tin^for the zinc pps. 
the tin as fast as it dissolves. The amount of 
acid used may sometimes bo very small; thus, 
in the preparation of aniline, the action seems 
to he: 

4C„H S N0 2 + 4H,0 ♦ 9Fc = 4CJINH, + 3Fe,0 4 . 

tf.) Stannous Chloride. In reducing with 
SnClj and HC1 the resulting SnCl, sometimes 
chlorinates the product; thus o-nitro-toluene 
gives chloro-o-toluidine. The nitroxyls of poly- 
nitro derivatives may be reduced one by one by 
adding to their cold alcoholic solution the cal¬ 
culated quantity of SnCl, dissolved in alcohol 


saturated with HOL In the case of dinitro-toluem 
C,H,Me(NO,) 2 [1:2:4] the nitroxyl in the o posh 
tion is first reduced, forming C,H,Me(NHj)(NOJ 
[1:2:4]; whilst alcoholio ammonium Buiphide 
reduces the nitroxyl in the p position, forming 
C.TI,Me(N0 2 )(NH 2 ) [1:2:4] (Anschutz a. Heusler, 

is. 19, 2161 )'. 

(g.) Eydric iodide solution, alone, or with 
addition of phosphorus. 

6. By the reduction of nitriles (Mendius, 

A. 121, 229): CH,CN + 2H, = CH,.CH 2 .NH 2 . 

The reduction is effected by Zn and dilute. 

II.SO| but it is slow, and a great deal of nitrile 
is saponified: CH,.CN + 2H,0 - CH,.C0 2 NH,. 

6. Primary bases aro instantly formed whea 
carbamines are treated with acids: 

CH,NC + 2H.,0 = CH,NH 2 + HCO,H. 

7. By boiling bromo-amides with aqueous 
NaOH. If bromine andpotash be simultaneously 
supplied to an amide, a potassium bromo-amide,. 
X.CO.NKBr, is formed. If this compound be 
treated with silver carbonate, an alkyl cyanate i* 
produced : X.CO.NKBr = KBr + X.N.CO. 

When this cyanate is boiled with potash an 
alkylamine is formed (by Formation 2). The- 
two last stages may be performed simultaneously 
by boiling the potassium bromo-amide with 
aqueous NaOH. 

The operation is conducted as follows: 

Bromine is mixed with its equivalent of 
amide, and a 10 p.o. solution of potash is added 
till the colour of the bromine has nearly 
disappeared. 

X.CO.NH, qBr, + 2KIIO = 

X.CO.NKBr + KBr + 2H,0. 

Three equivalents of potash dissolved so as 
to form a 30 p.c. solution aro now heated to 70° 
in a retort, and the first solution is added 
gradually through the tubulus. Finally tho 
whole is distilled, and tho base collected in a 
receiver containing hydric chloride. A mixture 
of ammonium chloride and tho hydro-chloride 
of tho base is thus got; they may be separated 
by alcohol, which does not dissolve tho former 
(Hofmann, B. 15, 705). 

8. Amides can be converted into amines 
by heating with alcohols: thus acetamide 
and ethyl alcohol give ethylamine acetate 
CHj.CO.NH, + IIOEt ~ CHj.CO.ONEtHj, while 
ethyl-acetamide and ethyl alcohol give diethyl- 
amine acetate (Baubigny, V. It. 95, 646). 

CH,.CO.NEtH + IIOKt = ClI.CO.ONEtJI,. 

Sodium alcobolatcs act similarly (Seifert, B. 
18, 1355): 

X.NII.CO. Y + NaOH = X.NH.B + NaO.CO.Y. 

9. From amido-acids by heating alone or with 
baryta: C„H ( (NH,)CO,H = 0,H,NH, + C0 2 . 

10. From alcohols or phenols by displacing 
hydroxyl by amidogen. Ethyl and methyl 
alcohols give a little ethyl- and methyl-amine 
when heated with NH.Cl at 300° (Weith, B. 8, 
459). Similarly, phenols produce small quanti¬ 
ties of amines when heated with NH,; this re¬ 
action takes place very readily in the naphtha¬ 
lene and anthracene series. Ortho- and para-, 
but not meta-, nitro-phenols are converted by 
aqueous ammonia into nitranilineB (Merz a. Biz, 

B. 19, 1*49). The reaction takes place more 
readily when the alcohols are heated at 260° 
with the compound ZnC! 2 NH, or CaCl.NH- 
(Merz a. Weith, B. 13,1300; 14, 2343: Men a. 
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GasiorowikJ, £.17, 628; Mors a. Baoh, B. 17, 
2084). Ammonia- zine-chloride converts phenol 
into aniline; aniline-zino-chloride acting upon 
phenol gives di-phenylamino. 0-naphthol is 
converted by heating with NH S into naphthyl- 
amine, but by ammonia-zinc-chloride into di-0- 
naphthyl-amine. Fatty alcohols act differently 
upon aromatic bases in presence of ZnCl,,, the 
alkyl entoring the nucleus; thus aniline-zinc- 
chlorido and alcohol produce amido-phenyl- 
e thane: 

0,H 6 NH 2 + HOEt = C ri H 4 EtNH 2 + H,0. 

11. By reduction of tho phenyl-hydrazides 
of the aldehydes and ketones in alcoholic solu¬ 
tion by sodium-amalgam and acetic acid (Tafel, 
B. 19,192-1); 

ItP/C:N,IIPh + 2H 2 = RR'CH.NH* + PhNH 2 . 

12. By reduction of aldoxims and ketoxims 
in alcoholic solution by sodium amalgam and 
acetic acid (Goldschmidt, B. 19, 3232): 

RR'C:NOH + 2H 2 «RR'CH.NK, + H 2 0. 

13. From sulphonates by heating with sod- 
amide (Jackson a. Wing, B. 19,902): 

R.SO : ,K + NaNH 2 = R.NII 2 + NaKS0 3 . 

Properties. —Most amines are volatilo or can bo 
distilled alone or with the aid of steam. Primary 
bases in which amidogen is not united to carbon 
in a benzeno nucleus turn red litmus paper blue 
and combine with carbonic acid; aniline and its 
homologues are neutral to litmus, and do not 
combine with carbonic acid. Ammonia pps. tho 
amines from cold aqueous solutions of their 
salts; but at high temperatures the amines expel 
Nil, from its salts. Tho relative saponifying 
power of amines has been studied by Oslwald 
(J. pr. [2] 35,112). If a mixture of aromatic 
bases is dissolved yi an excess of glacial acetic 
acid, and the solution is diluted with three times 
its volume of water and then boiled, the primary 
amines remain in solution whilo tho acetates of 
secondary and tertiary amines arc decomposed 
and the bases arc found on the filter (Michael, 
B. 19,1391). To determine whether a given base 
is primary, secondary, or tertiary, it is heated 
with methyl iodide until a quaternary iodide is 
formed; this iodide is known by its stability 
towards potash. The original base and tho am¬ 
monium iodido aro both analysed. If tho am¬ 
monium iodide differs in composition by con¬ 
taining CTI.,1 more than the base, then the base 
was tertiary. If it differ by C.J1.I, this shows 
that the original base was secondary, and had to 
exchange hydrogen for methyl before it could 
become tertiary. If tho iodido contains C 3 H,I 
more than the base, then tlio latter was primary. 

Reactions 1, 2,3, 4, 5, 0,11,12,15, 20,27,28, 
may also bo used to distinguish between primary, 
secondary, and tertiary bases. 

When a quaternary ammonium base is 
distilled, if it contains ethyl it splits up«thus: 

NRR'R"C 2 H 5 (OH) = NllR'R" f C 2 H 4 + H 2 0; 
(Hofmann, B. 14, 494). 

Quaternary ammonium chlorides containing 
methyl split off MeCl on distillation; 

NRIVR"MeCl = NRR'R" + MeCl; 

(Loesen, A. 181, 877). 

Reactions 2, 5, 6,12,13, 26, and 28, sflrve to 
distinguish o-diamines from m- and p- diamines. 

Reactions.— 1. If a primary base be boiled 
with alcoholic potash and chloroform tho dis- 
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gusting odour of the corresponding oarbamme 
will be noticed (Hofmann, B. 3, 767): 

EtNH 3 + CHClj + 8KHO - EtNC + 3KC1 + 8HA 
2. If a primary fatty baso bo dissolved in 
alcohol mixed with an equal volume of CS 2 , and 
the liquid be boiled down to half its volume, a 
thiocarbamate will bo formed; 

2RNH 2 + CS 2 = RNH.OS.S.NRUj. 

If the liquid be now boiled with a little aqueous 
mercuric or ferric chloride a pungent odour of 
an alkyl mustard .oil (or thioearbiruide) will 
be perceived, thus; RNH.CS.SNRH 3 + HgCl 2 = 
HgS + RNCS + NRII 3 C1 + HC1. In the aromatic 
series the product of the action of alcoholic CS, 
is usually a thio-urca which requires to be treated 
with P 2 0, in order to get the thiocarbimido (Hof¬ 
mann, B. 3, 768 ; 8, 107; Woitli, B. 8, 461). 
Mesidine and amido-penta-mcthyl-benzeno givo 
thio-carbimides in addition to smaller quantities 
of tho thio-ureas (Hofinann, B. 18, 1827).—3. 
Nitrous acid converts primary fatty amines into 
alcohols: RNII 2 + HN0 2 = ltOH + N 2 t H 2 0. It 
converts primary aromatic amines into diazo- 
compounds: RNII. + HN0 2 = RN.OII +11,0. H 
converts all secondary bases into nitrosamines. 
which are neutral substances, volatile with 
steam: RR'NH + HN0 2 =RR'N.NO + H 2 0. It 
cannot act upon tertiary fatty bases, except 
with elimination of an alkyl. It converts most 
tertiary aromatio bases into nitroso derivatives, 
which still possess basic properties: 

C u H 5 NMc 2 + HN0 2 =C,;II,(NO)NMe 2 + H,0. 

Aromatio nitrosamines arc converted into 
p-nitroso derivatives under tho influence of 
acids. C,H 5 NMe(NO) - C 6 H,(NO).NMeII. By 
means of the preceding reactions, nitrous acid 
may be used to separate secondary from primary 
and tertiary bases, for the nitrosamines do not 
combine with acids, and may therefore be ex¬ 
tracted from tho acid solution by ether, or by 
distilling with steam: and on reduction they 
givo the secondary base. If tho diazo com¬ 
pounds are boiled with water phenols are formed: 
RN..C1 + H 2 0 = R0II + N 2 + IIC1, whilo if they 
aro boiled with alcohol, tho amidogen is usually 
displaced by hydrogen: RNXI + C.HrtO^ 
RH + IIC1 + C.H,0. Frequently, however, boil¬ 
ing with alcohol displaces amidogen by ethoxyl: 
CjMcJI.NjjCI + HOEt - C li Me,II.OEt + HC1 + N 3 
(Hofmann, B. 17, 1917). Amidogen may also 
be displaced by hydrogen by reducing the diazo 
compound to a liydrazino and boiling the latter 
with aqueous CuS0 4 (Haller, B. 18, 90). In 
order to displace amidogen by chlorine we may 
distil the platinochlorido of the diazo derivative; 
to displaco amidogen by bromine wo may boil 
the perbromide of tho diazo derivative with 
alcohol; to displace it by iodine wo may boil 
the diazo salt with Aqueous HI or KI. These 
operations may be more conveniently performed 
by the method of Sandmeyer (B. 17, 1633, 
2650). This method consists in boiling the 
diazo compounds with cuprous chloride, bromido, 
iodide, or cyanide. • 

Examples—{a) 4 g. m-nitro-aniline, 7g. HC1 
(S.G. 1*17), 100 g. water, and 20 g. of a 10 p.c. 
solution of cuprous chloride in HClAq aro heated 
to near boiling and 2-5 g. sodio nitrite dissolved 
in 20 g. water are slowly added, the mixture 
being well shaken. 4 g. pure w-cliloro-nitro- 
bonzono is obtained. 
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(!;) 12-5 g. crystallised ouprio sulphate, 86 g. 
KBr, 80 g water, 11 g. H,SO, (S.G. 1'8), and 20 g. 
eopper turnings are bailed until the dark colour 
has nearly disappeared. Aniline <9*3 g.) is now 
added, and the boiling liquid treated as before 
with NaNO, (7 R.) dissolved in water (40 g.). 
Bromo-benzenc passos over on subsequent dis¬ 
tillation. 

(c.) 25 g. crystallised CuSO,, 150 g. water 
and 28 g. KCN (96 fi.c.) aro dissolved in hot 
water. A solution of diazobcnzene chloride is 
run in, this is prepared from 7 g. NaNO, dissolved 
in 20 g. water added to a solution of 9'3 g. 
aniUne in 20-6 g. HC1 (S.G. 1-17) and 80 g. 
water. The yield of benzonitrile is 63 p.c. of 
the theoretical. 

In theso reactions a double compound be¬ 
tween tho cuprous salt and the diazo salt is 
perhaps an intermediate body. Such a doublo 
compound has been isolated in the case of 
8-naphthylamine, C 10 H,N,BrCu.Br, (Lehmann 
a. llemy, B. 19, 810). Substitution of amidogen 
by halogens may also be effected by gradually 
adding UNO, to a hot solution of tlio amine in 
HC1, HBr, or HI (Losanitsch, B. 18, 39). 

Amidogen may be changed into SH by heat¬ 
ing the diazotised base with warm alcoholic 
potassium sulphide. By oxidising tho resulting 
mercaptan with KMnO, a sulphonic acid is got 
(Klason, B. 20, 349). 

Nitrous acid serves to distinguish o-, m-, and 
p- diamines (v. di-Azo-compounds). 

4. Benzoyl chloride acts on primary and 
secondary amines: 

UNIT., + BzCUENBzH + IIC1, 
lilt'Nil + BzCl = EB'NBz + HC1 


(Hofmann, B. 5, 716; Kallmann, B. 9, 846). 
Tertiary aromatic aminos heated with it at 200° 
may exchange alkyl for benzoyl: 

NPhEt, + BzCl=NPkEtBz + EtCl 
(Hess, B. 18, 085). 

6. Acetyl chloride converts primary and 
secondary amines into acetyl derivatives. 

The di-alkylated tertiary aromatic amines 
readily allow one of tho alkyl groups to bo re¬ 
placed by acetyl when treated with acetyl bro¬ 
mide, tho alkyl bromido formed converting 
another portion into quaternary ammonium 
bromido: 2XNB, + AcBr = XNKAo + XNli,14r. 

The reaction sots in spontaneously, and is 
completed on gentle warming (Staedel, B. 19, 
1947). 

Primary aromatic amines may be converted 
into acetyl derivatives by boiling not only with 
AoCl or Ac,0 but oven with glacial HOAc. 

The alkoyl derivatives of o but not of m and 
p aromatic diamines give rise to anhydro com¬ 
pounds : 

c ‘ H 4S; cacH ’ - H *° + °* H < < N if> c.ch, 

(Hubncr, A. 208, 278). 

6. Aldehydes form products of condensation 
with amines. CEnanthol is recommended by 
bchiff (A. 159, 158) as a means of distinguishing 
between tho different classes of amines. Primary 
amines require one equivalent of ronanthol: 

0,H, ,0 + PhNHj=PhN (C,H„) + H,0, 
while secondary amines require only half I 
much aldehyde: 

0,H U 0 + 2Me,NH - (Me,N),(C,H, J + H,0. 
The base is dissolved in benzene and a standard 


solution ol osnantnoi m oenaena a run, m at 
long as it produces further separation of drops 
of water. 

Tertiary aromatic amines oan also condense 
with aldehydes: 2PhNEt, + [1:2] C a H,(NOJ.CHO 
= NO,.C s H,.CH(C # H,NEt,), + H 2 0. .Aromatio 
amines heated with aldehydes and ZnCl 2 give 
tri-substituted methanes (Fischer, B. 16, 676). 

In order to distinguish whether an aromatio 
diamine is an ortho compound, Ladenburg (B. 
11, 600) heats its hydrochloride with benzoio 
aldehyde; if the compound is ortho an aldehydine 
(q. v.) is formed and HCi is ovolved, while no 
HCI is evolved in the case of m or p compounds. 
lt"(NH 2 HCl), + 2PliCHO = 

B"(N.,C,H,Ph,)HCl + 2H 2 0 + HCI. 

7. Bromine mid aqueous potash oonvert 
primary amines into di-bromuminos : 

MoNH, + 2Br 2 ,■ 2KOH = MeNBr, + 2KBr + 2H 2 0. 
Secondary amines, containing one divalent alkyl, 
behave similarly: 

C.H, ,NH + Br, + KOH = C,H,,NBr + KBr + H 2 0 
but secondary aminos containing two monovalent 
alkyls arc split up into an alkylene bromide and 
a primary alkylamine (Hofmann, B. 16, 559). 

Tho di-bromo-amincs containing hexyl and 
its higher homologuos are split up by aqueous 
NaOII into Hllr and nitriles: 

C,H,.CII„NBr.. + 2NaOH = 

C,H I5 CN VlNaBr + 2H,0. 

Hence amides may be converted first into amines 
and then into nitriles by treatment with bromine 
and NaOIIAq, the first reaction being: 

C,H,.CII 2 .CO.NII 2 + Br., + 4NaOH - 
C,H,.Cll,.NH 2 + 2NaBr + Na.,00, + 2H,0 
(Hofmann, B. 17,1920). 

8. Sulphuric oxide combines with primary 
and secondary fatty amines, forming small 
quantities of sulphamic acids: 

NEt.H + SO, - NEt,.SO.,H. 

It also combines with tertiary fatty amines: 

NEtj + SO, = Et a N<^Q(Bcilstein a. Wiegand, 
B. 16,1261). 

It combines with aromatic aminos forming 
sulphonic acids: 

C s ll s NH, + SO, = C,.n i (SO J H)NH i . 
Aromatic amines may also be sulphonated by 
H.SO, and by C1S0 3 II. 

9. Sulphuryl chloride acts upon secondary 
fatty amines thus, forming tetra-alkyl sulpli- 
amides : SO,,Cl, + 2HNEt, = SO,(NEt,), + 2H01. 
With the hydrochlorides of theso bases the re¬ 
action stops half way: SO,Cl, + HCl.NHEt,-» 
Cl.SOj.NEt, + 2HCi (E. Behrond, A. 222, 116). 

10. Zinc ethide does not attack tertiary 
aminos, but acts upon primary and secondary 
amines in tho following ways: 

2KNH, + ZnEt,- E,N,H,Zn + 2HEt, 
2Klt'NH + ZnEt,=K,B',N,Zn + 2HEt 
(Frankland, Pr. 8, 504; Gal, C. R. 96, 578). 

11. Cyanic ethers unite with primary and 
secondary bases forming alkyl-uroas : 

ItNH, + E'NCO = BNH.CO.NIVH, 

EE"NH + E'NCO = BE"N.CO.NE'H. 
Cyanic acid acts similarly : 

EUHjHCl + KN CO=BHN.CO.NH, + KOI 

12. Thio-carbimides unite with primary and 
secondary amines forming thio-urcas: 

BNH, + E'NOS - ENH.CS.NB'H. 

When the solid prodnot obtained by boiling aa 
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aromatic di-amine with aloohol and nil at 
mustard (0,H s N0S) is gradually heated, then it 
the diamine were o it would solidify above its 
melting-point j if it were m it would melt with¬ 
out farther change and would therefore solidify on 
cooling j if it were p it would melt and undorgo 
decomposition and on cooling would remain 
liquid (Mlmann, A. 221,1; 228,218; B. 19,808). 
In all cases di-thio-ureas, E"(NH.OS.NIIC,II.) J , 
are first formed; those from w-diamines are not 
affected by heat, while the o and p derivatives 
split up on molting thus: 

R"(NII.OS.NHC,H,), = 

R "<wb CS + CS < NHC A>r 

13. The di-sulphocyanides of the o-diamineg 
are changed at 120°-130° into thio-ureas, 

N H 

CxHy^jpCS, which are not desulphurised 

by hot solution of PbO in NaOIIAq. The m and 
p diamines give compounds of the form 
C x H y (NH.CS.NII 2 ) 2 which are desulphurised by 
this reagent (Lellmann, A. 228, 8, 218). 

14. Small quantities of orthodiamines are 
readily detected by adding a few drops of a hot 
acetic acid solution of phcnanlhra<iuimne to an 
alcoholic solution of the substanco; if an ortho- 
diamine is present a yellow crystalline pp. of 
the corresponding quinoxalinois formed on boil¬ 
ing tho solution ; this pp. in tho case of phony- 
leno and tolyleno o-diamincs is coloured deep- 
red by HC1 (Hinsberg, B. 18,1228). 

15. If a mixture of bases is treated with 
sufficient citraconic acid to form the acid salts 
and tho aqueous solution is boiled tho primary 
amines will be ppd. in tho form of alkyl-citraco- 
namio acids, while ttie secondary and tertiary 
amines can bo obtainod by distilling tho filtrate 
with steam (Michael, B. 19,1390). 

16. Oxidising agents camoxi aromatic amines 
into azo or azoxy compounds. Hence the nitra¬ 
tion of such amines by the usual methods re¬ 
quires previous introduction of acetyl into the 
amidogen. But by treating tho nitrates with 
cold cono. H 2 S0 4 nitro-amines may bo prepared, 
tho nitroxyl taking a m position with regard to 
amidogen (Lcvinstoin, D. P. J. 256, 471). 

17. Amines form condensation products with 
quinones, e.g. 

0 6 HA(NIlPh),; 0 8 H 2 0(NPh)(NIIPh) r 

18. Aromatic amines whon boiled with fatty 
amides produce ammonia and alkyl-amides, e.g. 

OH a .CO.NH 2 +NPliH, - CH 3 .CO.NPhH + NII 3 . 

19. Silver salts form additive compounds 
with aminos (Mixter, A. C.J. 1, 239). 

20. The ferrocyanides are obtained by adding 
the amines to a mixture of aqueous K 4 FcCy„ and 
hydroohloric acid; a crystalline pp. of tho aoid 
ferrooyanide B' 2 H 4 FoCy H zaq, is usually formed 
(Fisoher, A. 190, 184 ; Eisenbcrg, A. 205, 265). 
The ferrocyanides of tertiary amines are par¬ 
ticularly insoluble in water and may be used 
as a means of isolating those amines. To re¬ 
cover the amine, the pp. is suspended in water 
and decomposed by CuS0 4 , and tho excess of 
CuS0 4 removed from tho filtrate by baryta. * 

21. Chloral nydrate heated with tertiary 
aromatio amines and ZnCl 2 forms a condensation 
produot which, when decomposed by aqueous 
KOH gives an aldehydo derivative, *<g. 


001 t dH( OH) a + 0 8 H 5 NMe 2 m 

COlgCH(OH). C g H 4 N Me 2 + H a O 
OCl,OH(OH).O g H 4 NMe 2 = 

CC1 3 II + HCO.G g H 4 NMe, 
(Boessneck, B. 18,1516; 19,365). 

22. Primary aromatic amines in alcoholio 
solution absorb cyanogen ; and tho product when 
boiled with glacial HOAo becomes a di-alkyl- 
oxamide; 


2PhNH 2 + C 2 N 2 =PhNH.C(NH).C(NII).NPliH 
PhNH.C(NH) ,C (NH) .N PhH + 2II 2 0 = 

PhNII.CO.CO.N PhH + 2NH 3 . 

Aromatic o-diaminos act similarly; the result¬ 
ing oxalyl-o-diamine may bo viewed as a di-oxy- 
quinoxaline (Bladin, Bl. [2] 42,104). 

23. Primary aromatio amines heated with 
glycerin (or acrolein), H 3 S0 4 , and nitrobenzone 
(as oxidising agent) produce bases of tho quino¬ 
line series. A similar reaction occurs when 
glycol (or paraldehyde) is substituted for 
glycerin. 

24. Nitric oxide passed into an alcoholio 
solution of tertiary aromatio bases produces azo¬ 
compounds of the form Illt'N.C 6 Ii l .N 2 .C, l H 4 .NlllV. 

25. For the action of aceto-acelic ether, 


v. p. 19. 

26. Orthodiamines form crystalline com¬ 
pounds with glucose (Griess a. Harrow, B. 20, 
281). 

27. Diazobenzene chloride reacts with primary 
and with secondary amines, forming diazo-amides 
(v. di-Azo-compounds). In tho caso of the 
secondary amines the compounds C li II.,.N 2 .NBK' l 
being easily crystallised and si. sol. water, may 
be conveniently used in separation of these bases 
from tertiary and in some cases from primary 
bases (Wallach, A. 235, 235). 

28. A solution of potassium croconate gives 
with salts of o-diamines dark-colourcd pps. con¬ 
sisting of the corresponding azines (Nietzki, B. 
19, 2727). 

29. Tertiary aromatic amines form condensa¬ 
tion products when heated with aromatic acids 
or alcohols in presence of ZnCl 2 or P 2 0 5 ; water 
being eliminated at expenso of H para to N 
(Fischer, A . 206, 85). 

OTHER REACTIONS of tho amines are 
described in articles on the several bases, e.g. 
Mktiiylamine, Etiiylamink, Aniline, Piieny- 
lenk-diamink. Soe also Amides, Amido Acids, 
Amidines, and Amidoxims. 

AMISATIN v. Isatin. 


AMMELIDE C 3 II 4 N 4 0 2 or C a II H N H 0 4 U. 
CjNj(NH. i ,)(OH) 2 (?). Melanurcnic acid. * Amido - 
cyanuric acid.* Mono-amide of cyanuric acid. 
Liebig made a distinction between ammolide 
and melanurcnic aoid, but his ammelido was a 
mixture of ammeline and his melanurenio acid, 
hence it seems best to transfer the name ammelide 


to melanurenio acid (Klason, J.pr. [2J 33, 295). 

Fonmtion. — 1. From melam and cone. 
H 2 S0 4 (Liebig, A. 10, 30; Gabriel, B. 8, 1166; 
Jager, B. 9,1554).—2. From melam and boiling 
cone. KOHAq or cone. H 2 S0 4 at 150° (K.).— 
3. From ammeline and cono. H 2 S0 4 at 160° or 
by heating ammeline nitrate (Knapp, A. 21, 
244); the change is incomplete.—4, A product 
of the dry distillation of urea (Liebig a. W6hler, 
A. 54, 371; Laurent a. Gerhardt, A. Oh. [2] 19, 
93; Drechsel, J. pr. [2] 11, 289).—5. Among 
products got by boiling mellon-potassium with 

r. O 
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aqueous KOH (Hennesberg, A. 78, 246; Liebig, 
A. 95, 269).—6. From its ethers or their thio. 
derivatives by gentle beat (K.).—7. From thio- 
ammelide and KMnO, (K.).—8. From oyanogen 
bromide and cyanamide at 100° (Cech a. 
Dehmel, B. 11, 25).—9. From urea and oyano¬ 
gen iodide at 150° (Pocnsgen, A. 128, 359; 
Halhvacbs, A. 163, 294 ; Schmidt, J. pr. [2] 5, 
B6).—10. In small quantity by action of COCL 
on NH, (llouchardnt, A. ,164, 355).—11. In 
small quantity from di-cyan-di-amide by heat¬ 
ing with water at 1G0° or with aqueous amnionic 
carbonato at 120“ (Bamberger, B. 16, 1078, 
1708). 

Preparation.— Cone. H..SO, (300 g.) is slowly 
poured upon melam (100 g.) and the solution 
heated for a few minutes to 190°. When cold 
. it is poured into a litre of water, when ammelido 
sulphate slowly crystallises (Striegler, J.pr. [2] 
83, 1G3). 

Properties. —White crystalline powder; v. b 1. 
sol. water, insol. usual menstrua, sol. mineral 
acids, insol. acetic acid, v. sol. ammonia. It 
does not separato when its solution in warm 
aqueous NaOH is cooled (difference from amme- 
line). May be crystallised from boiling water. 
Not attacked by Cl, Ilr, HI, or AcCJ. 

Reactions. —1. Boiling dilute acids or alkalis 
form NH, and eyanuric acid. Baryta-water 
does not effect this change. — 2. Phosphonis 
pentad doridc forms Cy,Cl,.—3. KMnO, in acid 
solution forms eyanuric acid.—4. Water at 170° 
forms CO. and Nil,.—5. Heated in a current of 
moist C0 2 it forms cyanamide. 

Salts.-(H I A" = C„H,N ! OJ.- 
H„A"H,S0.3aq.-H. i A" 2HNO,.—H,A" 2HC1.— 
Na.A" Oaq. - NaHA"5aq. — K.A". — K1IA". — 
(NH,).,A"5aq. — (NH,)HA"lJaq.— CaA'Vaq.— 
BaA"2Jaq. — CuA". — NiA 7 '2aq. — Ag,A",— 
AgHA'llaq (Striegler; Volhard, B. 7, 92). 

Di-methyl ether C,,H|,N 4 0 2 i.e. 
C,N,(NH.)(OMe),, (212°]. Formed by action 
of ammonia on trimethyl cyanurate, and occurs 
as a by-product in the preparation of that body 
(Hofmann a. Olshausen, B. 3, 273). Plates, si. 
sol. cold alcohol, v. si. sol. ether, si. sol. cold 
water.—C,H,N,O.AgNO,; needles. 

Di-ethyl ether C,H 12 N,0 2 i.e. 
C,N,(NH.,)(OEt),. [97°]. By-product in the 

action of CyCl on NaOEt, and formed by 
heating cyanetholin with aqueous Nil, at 100° 
(H.a. O.). Prisms.—C I H„N,O.AgN0 3 ; needles. 
—(C.H.. 1 N,0,)vAgNO,: needles. 

AMMELINE C,H s N,0 i.e. C,N,(NII.,) 2 (On). 
• Di-amido-cyanuric acid,.’ Diamide of eyanuric 
acid. 

Formation.—1. By boiling melam for a long 
time with KOHAq or RClAq or by heating it 
with cone. H..SO, at 100° (Liebig, A. 30, 24; 
Klason, J. pr. [2] 33, 286). — 2. From 
Cy,(NH.),Cl by alkalis (Lament a. Gerliardt, 
A.'Oh. (3J 19, 92).—3. From thio-ammoline and 
' KMnO,.—4, From its ether or its thio derivative 
by HC1. — 6. Formed by boiling the hydro¬ 
chloride of ‘ di-amido-tri-chloro-methyl cyani- 
dine’ (c. Tn-CnnoRo-ACETomritiLE) withNH,Aq: 

Cy,(NH 2 ) 2 (CCl,)HCl + NH, +11 2 0 = 
Cy,(NH.,) 2 (0H) + NH,C1 + HCC1,. Also by heat¬ 
ing tri-chloro-acetonitrile with NH,Aq at 120°, 
or with alcoholic NH, at 170° (Weddige, J. pr. 
(2} 83, 86). 


Properties. — Minute needles in dendntle 
groups (when ppd. from a warm solntion). Insol, 
water, aloohol, ether, and benzene; sol. mineral 
acids; insol. acetio acid; sol. NH,Aq. Sepa- 
rotts when its solution in warm NaOHAq is 
cooled. 

Reactions.— 1. Split up by heat into NH, 
and mellon.—2. Warm H 2 SO, forms NH, ana 
ammelide.—8. Boiling dilute nitric acid forms 
first ammelide, then eyanuric aoid (Knapp, A. 
21, 255). 

Salts.—Its compounds with acids are de¬ 
composed by water.—B'HCl: prisms.—B'HNO,. 
—B'AgNO,. 

Ethyl ether Cy,(NH 2 ) 2 0Et. [190°-200°]. 
From cyanctholine and NH, (Hofmann a. 
Olshausen, B. 3, 275). V. si. boI. alcohol. 

Chloride Cy,(NH 2 ) 2 Cl. 1 Chloro-cyanamide.' 
From Cy,Cl, and NH,Aq (Liebig, A. 10, 43 J 
Laurent a. Gerliardt, A. Ch. [2] 19, 90 ; 20, 98 j 
Bineau, A. Ch. [2] 70, 254). Powder, insol. 
water. Decomposed by heating with HC1 into 
mellon and NH,. Dilute KOHAq converts it 
into ammeline. NH, at 100° forms melamine* 
KHS forms thio-ammolino. 

AMMONIA Nil,. (Volatile Alkali. Alkaline 
air.) Mol. w. 17-01. [-75°. Faraday, Q. J. S. 
19,16]. (-38-5°; pressure less than 760 mm. 
Hegnault.) S.G. J° (liquid) -6231 (Jolly, A. 117, 
181: compare also Andreef, ibid. 110,1). V.D. 8-5. 
S. 0°, 1050; 10°, 813 ; 15°, 727 ; 20°, 654; 
(Bunsen, Gasoinetry, Engl. cd. 169). S. 0°, 
1148 (Itoscoe a. Dittmar, A. 110, 140); S. 0°, 
1270 (Bcrtlielot, C.R. 76,1041). C.F.. (liquid-11° 
to 0°) -00155 (Jolly, A. 117, 181). ltcfractive 
power (gas) compared with air = 1, 1-309. 
[N,JF) = 11,890; [N, H\ Aql = 20,320; [NIP 1 , Aq] - 
8,130 (Th. 2, 68). 

Occurrence. —Ammonia salts occur in the 
atmosphere and in rain water ; in many mineral 
waters; in sea water; near volcanoes; in many 
soils; in almost all plants; in the excrements 
of many animals; among tho products of the 
decay of nitrogenous organio bodies. Free 
ammonia is not known to occur in nature. 
Ammonia was distinguished from ammonium 
carbonate by Black in 1756 ; Priestley obtained 
it approximately pure and named it alkaline 
air ; Bcheele showed it to contain nitrogen; 
Berthollct demonstrated its composition in 
1785. The word ammonia comes from sal 
ammoniacum, the name given in the middle 
ages to ammonium chloride. 

Fomnation. —1. By the action of the in¬ 
duction spark, or tho silent discharge (Donkin, 
Pr. 21,281), on a mixture of N and II in the ratio 
N-.H, a small quantity of Nil, is produced 
(Morren, C.R. 48, 432; Perrot, C. R. 49, 204; 
Chabrier, C. 11.75, 484).—2. AccordingtoRamsay 

а. Young (C. J. 46, 93) a trace of NH, is formed 
when a mixture of moist N and H is passed 
through a red-hot tube containing iron filings; 
3. Ammonium nitrite is formed, a. when 
hydrogen is burnt in air (Zollor a. Grete, B. 
10,2145; but against this v. W right, C. 17.88,240); 

б. by the action of a strong induction-spark on 
a ritixiure of N and H..0 (Thenard, C.R. 76, 983; 
Johnson, C.N. 48, 253 a. 264).. Ammonium 
chloride is produced when electric sparks are 
passed for 8 to 10 hours through a mixture of 
HOI gas, N, and H, the element being in the 
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i»t!o N Mt (Peville, 0*5. 60, 817); or bypassing ammonium chloride and sulphate.] (ill) From 
the flame gases through a red-hot porcelain pure KNO g by the action of Zn and Fe in 
tube containing a metal tube cooled by a presence of KOHAq; the KNO- is prepared 
stream of cold water (Deville, A. 185, 104).— by heating lkiIoKN0 3 with metallic copper,and 
4. By the action of a porous body— e.g. spongy dissolving out the KNO„ in water; this solution 
platinum, pumice, ferric oxide—aided by heat, is digested with 15 Iitres'lvOHAq—S.G. 1-25—3.4 
on a mixturo of II with an oxide of nitrogen or kilos, granulated zinc free from carbon (Zn 
HNO a , NH S is produced.—5. By decomposing a obtained by fusing commercial Zn with 5 p.c. 
compound of H and one of N together, Nil;, is FbO may be used), and \ kilo, iron wire pre¬ 
formed : e.g. by the action of water on nitride viously strongly heated in air and then reduced 
of Si, B, Mg (fee., SiO a , B.0 3 , or MgO is produced, by hydrogen; the liquid is poured oil and 
and the N and H combine to form NII 3 : again distilled with gentle ebullition, 
moist NO passed over hot iron filings yields Nil,. Properties. —A colourless, strongly-smelling, 

6. By strongly heating easily oxidised bodies— e.g. gas, which turns red litmus paper blue, and 
As, Zn, K, tfec.—with alkaline oxides, in presence turmeric paper brown. Taste, hot and strongly 
of air.—7. By strongly heating metallic nitrates alkaline; poisonous when breathed; it destroys 
or nitrites with hydroxides of the alkali or the mucous membrane. Easily liquefied to a lim- 
alkalino earth metals and iron filings or zinc.— pid, colourless, highly refractive, liquid ; best by 
8. By heating metallic cyanides with steam heating solid 2AgC1.8NII 3 in one end of a strong 
(v. Marguerite and Sourdoval, D. P. J. 157, 73 glass tube, closed at both ends, and bent to an 
and 316).—9. By heating solutions of nitrates or obtuse angle, the other end being surrounded 
nitrites with KOIIAq and Zn or Eo, or with a by snow and salt (Faraday, Q. J. S. 13, 16). 
Cu-Zn couple. Ammonium sulphate is formed The silver compound begins to melt at 38°, it is 
when nitric acid is dropped into a vessel con- quite liquid at 90°, begins to boil at 100°, and 
taining Zn and diluto II 2 S0 4 Aq (Kuhlmann, A. the change is complete at 112°. Liquefied at 
G4,233).—10. By the action of water on chloride, -40° to - 50°; this may be effected by passing 
iodide, or phosphide, of nitrogen, or on the the well-dried gas through a U tubo surrounded 
amides; in the last cases it is often neces- by a mixture of crystallised CaCl 2 and snow, or 
sary to use solutions of KOI1 or NaOH.—11. by liquid S0 2 which is rapidly evaporated by a 
By the dry distillation of many nitrogenous current of air (Loir and Drion, J. 1860. 41). 
organio bodies— e.*/. horn,bones, blood, coal, &c. If liquid ammonia is cooled by solid C0 2 and 
Ammonia is produced, according to Johnson, ether in vacuo (Faraday), or by rapid ovapora- 
when N and H are passed over spongy Ft tion over ILSO, (Loir and Drion), white trans- 
(C. J. 39, 128); but this is denied by Wright parent crystals of solid ammonia are obtained, 
(C. J. 35), 359), whoso experiments seem to prove which melt at -75° (Faraday). Liquid 
that the NIL, obtained by Johnson was the pro- ammonia vaporises in a closed vessel, the 
duct of tho mutual action of a trace of NO (in vapour-pressures according to ltegnauit (/. 
what was supposed to bo pure N) and H, in 1863. 66) being as follows 
presence of the spongy Ft (but v. also Johnson’s -80° 866-09 mm. +40° 11,695-30 mm. 
pamphlet Elementary Nitrogen , and on the -20 1392-13 „ 60 15,158-83 „ 

Synthesis of Ammonia [Churchill, 1885]). -10 2144-62 „ 60 19,-182-10 „ 

Preparation— 1. By gently heating a mix- 0 3183*34 „ 70 21,675-55 „ 

ture of 1 part chloride or sulphate of ammonium +10 4575-03 „ 80 30,813-09 „ 

with 2 parts finally powdered slaked lime; 20 0887-78 „ 90 38,109-22 „ 

the mixture is covered with a layer of lime to 30 8700-97 „ 100 46,608-24 „ 

absorb water, and the gas is dried by passage Ammonia gas is very soluble in wator ( v. 
through a cylinder containing limo in small Combinations No. 1), alcohol, and ether; it is 
pieces.—2. By gently heating a solution of largely absorbed by charcoal (u. Hunter, 
CaCl 2 in NII 3 Aq previously saturated witli Nil,; G. J. [2] 9, 76; 10, 649) and other porous sub* 
this mixture may be kept unchanged for long.— stances ; it is absorbed by many saline solutions, 

8. Fure ammonia is prepared by Stas ( Vr. C, the quantity of NIL, absorbed being, as a rule, 
423) by ono of the following methods:—(i.) the less tho more concentrated is tho solution 
From pure NH 4 C1 and KOHAq; 10 litres of a (v. Kaoult, C. It. 77, 1078). Ammonia solution 
boiling cone, solution of NH.,C1 are mixed with is a strongly smelling, caustic, alkaline, liquid; 

X litre HN0 3 Aq, S.G. 1-4; the boiling is con- at — 40 J it forms long needle-shaped crystals; 
tinued so long as Cl comes off, the Nil,Cl which at —49° it solidifies to an inodorous mass; the 
separates on cooling is dissolved in hot water, B.F. and S.G. increase the loss is the quantity 
and again boiled with ^volume of UNO., till of NH 3 present. Many metallic oxides insoluble 
01 ceases to come off, water is then added, in water are dissolved by NII 3 Aq, e.g. 
and NH 3 is obtained by decomposing by KOHAq. CuO, Ag.,0, <fcc.; aqueous Nil, also dissolves 
(ii.) From pure (NII 4 ) 2 S0 4 and KOHAjj ; 2 kilos, many fats and resins. Ammonia resembles 
of (NH 4 ) 2 S0 4 are heated with 1J kilos, cone. FH 3 in its properties and reactions; it is, how- 
H 2 S0 4 to the temperature whereat the sulphate ever, much moro stable and less easily oxidised 
begins to decompose with effervescence, small than that compound; an aqueouB solution of 
.quantities of nitric acid are then added until the NH S , which doubtless contains NH 4 OH, *is 
liquid becomes quite colourless; the salt which characterised by the properties expressed by the 
crystallises on cooling is dissolved in warm word alkali ( v . Ammonium Compounds ; 
water and ^decomposed by KOHAq. [The comp, also the arts. Hydrides, Hydrox- 
objeot of these treatments is to remove tho ides, and Nitrogen Group of Elements.) 
small quantities of substituted ammonias— Reactions. —I. Liquid ammoni a does not 
NH/3H,, NHgCgH, <feo.—which are present in react with H 2 S0 4 at-65°; dissolves alkali metals 
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first with red, then blue, oolour; the metals 
crystallise out unchanged (Gore, Pr. 21, 140); 
alkaline earth metals ana heavy metals do 
not dissolve (Seeley, C. N. 28, 169; concern¬ 
ing solubilities of other elements and salts v. Gore 
I.C.). —II. Ammonia gas. 1. Ileat decomposes 
NH, partially into N and H; when the gas is 
passed through an iron or porcelain tube, de¬ 
composition begins at about 500°; the nature of 
the hot surface exerts a most marked influence 
on the extent of decomposition; the decompo¬ 
sition is, however, never quite complete (Itamsay 

а. )Young, C.,7. 45, 88). A spiral of Pt heated 
by an electrio current also decomposes Nil, 
(Grove, A. G3, 1). — 2. The electric discharge 
decomposes NH,slowly, but induction sparks from 
a large BuhmkorfTs coil more quickly ; the de¬ 
composition is not quite complete (Deville, A. 135, 
104; Buff a, Hofmann, ibid. 118, 132).-3. 
NHj is decomposed, into N and H, by passage 
over several metals at 700° or so ,e.g. Au, l’t, Ag, 
Fe, Cu, Ac.; some metals, e.g. Ti, combine with 
the N; the alkali metals set free \ of the H pro¬ 
ducing compounds of the form NH,M: the com¬ 
pound NH K is decomposed at a red heat giving 
NK S and NH,; water acts on it to produce KOH 
and NH, (v. Potassium). — 4. Mixed with oxygen 
and submitted to the electric discharge, NH,NO, 
andNH,NO, are formed (Carius, A. 174, 31).—5. 
Mixed with oxygen and healed, NH, burns to TT.O, 
H, and N, if the NH, is in excess; and to H]0, 
N, and NlI,NO„ if the O is in excess (v. Hofmann, 
A. 115, 283; Iieintz, ibid. 130,102). The flame 
examined spectroscopically shows characteristic 
lines,especially one near 1) (Dibbits, P. 122,521). 

б . Ozone oxidises NH, chiefly to NH,NO, and 
NH,NO, (Carius, A. 174, 31).—7. A platinum 
wire heated in NI1, mixed with air produces 
NH,NO„ if oxygen is passed into the Nil, red 
fumes of N oxides are also produced.— 8. Am¬ 
monia reacts with N..O, and C!,0, to form H, O, 
N, NH,NO, or NH,NO„ and Cl,-9. Metallic 
oxides reducible by H are usually also reduced 
by Nil, with formation of metal, N, and U.O, 
sometimes with formation of metallic nitrides)— 

10. NH, reacts with many metallic oxides and 
haloid salts to form compounds, either of NJI, 
with the metallic salt — cjj. I’tCLINH,, 
CuS0 4 .2NH„—or compounds in which part of 
the H of NH, is replaced, e.g. NH.IlgCl (v. 
Ammonium Comuounds; also the several metals). 

11. Chlorine, bromine, and iodine react ener¬ 
getically with NII, to produce Nll,X(X ---. Cl, Br, 
or I), and N. NH, combines with cooled I to 
form a brown liquid which is decomposed 
by water with production of NHJAq and explo¬ 
sive iodide of nitrogen [ ? NI,] (v. Nitrogen). — 

12. Sulphur absorbs Nil,; on heating N is set 
free and ammonium sulphide formed (Brunner, 
D.P.J. 150,371).—13. Carbcfii heated in a stream 
of NH, forms NH,CN and H, sometimes also 
CII,.—14. Boron heated in a stream of NH, 
form BN (v. Boron), and H.— 16. NH, combines 
with acids (IL,SO„ HC1, Ac. Ac.) to form am- 
raomum salts ((NH,),SO„ NH,C1, Ac. Ac., q.v. ; 
v. also Combinations , No. 4).—1C. With many 
organic anhydrides NH S combines to form tlio 
ammonium salts of amio acids, q.v. NH a also 
acts on several inorganic anhydrides and acid 
chlorides to form bodies more or less analogous 
to the amio acids; thus with SO a OH.Cl an 


mo£a forma KH{SO*.OKHi)^a MMMtiai 
imido-sulphurio acid NHfSO^H),— 
salts of this acid are obtained salts of ami& 
sulphuric, or sulphamio, aoid—NH 2 (SO 2 0H) 
Again by the action of NH a on the aoid chloridk 
S0 2 C1 2 it is probable that the amide of sulphuric 
acid-(NH,),,S0 2 —is produced. So also NH, 
reacts with C0 2 to produce NH,(CO.ONH 4 )— 
the ammonium salt of amidocarbonio, or car- 
bamio, acid. These compounds will be de¬ 
scribed under the various acids ( v . Carbamio 
ACID j SuLniAMIO ACID ; SULPHUR OXYACIDS, NITRO¬ 
GEN DERIVATIVES OP J Ac.). 

III. Ammonia solution. 1. Heat decom¬ 
poses NH a Aq, the whole of tho NH., being re¬ 
moved as gas.— 2 . Chlorine, bromine , and iodine 
react as with NH S gas ; chlorine produces a little 
NIJ 4 CIO 3 (Fresenius, Fr. 2, 59).-3. Reacts with 
acids to form ammonium Balts ( v . Combinations , 
No. 4, also Ammonium compounds). —4. With 
many metallic salt solutions it reacts (similarly 
to KOIIAq) to form an ammonium salt and 
an oxide or hydroxide of tho metal.—5. Heated 
with sulphur in a closed tube ammonium poly¬ 
sulphides are slowly formed (Fliickigcr, J. Ph. 
[3] 45,453).— 6 . Heated with selcn ion in a closed 
tube, ammonium selenide and selenite are 
formed; with tellurium ammonium tellurite is 
produced (Fliickiger, l.c.). 

Combinations. — 1 . Ammonia gas dissolves 
very freely in water, the action is attended 
i with production of heat; [Nil 3 , Aq] = 8,130 (Th. 2, 
08) ; a concentrated solution of NII,Aq diluted 

! with n II,O develops -- units of heat (Berthe- 
n 

i 'ot, A. Ch. [5] 1, 209). Thomsen (Th. 3, 86 ) 
gives the following data 

NHbiHO.my-'O 

» + *» 15 25 50 

372 
53 
22 


319 


350 

81 


»=3-2 
„ 15 

,, 25 — afl 

, The mass of Nil, absorbed by water at 0° is 
not directly proportional to the pressure; for 
pressures varying from 50 to about 1,000 mm. 
the mass of Nil, is less, and for higher pres¬ 
sures it is greater, than that calculated by 
Dalton and Henry’s law (for data v . lloscoe a. 
Dittmar, A. 112, 319). As temperature in¬ 
creases the mass of Nil, becomes more nearly 
directly proportional to the pressure, until at 100 ” 
the proportion is established (for data v. Sims, A. 
118,315). The S.G. of an aqueous solution of Nil, 
varies from -8844 at 14°, corresponding to 30 p.c. 
NH„ to -9991 (at 14') corresponding to - 2 p.o. 
NII, (Carius, A. 99, 161), Carius gives the 
annexed table. Determinations made at 14° 0. 

A solution containing 32 p.c. Nil, corresponds 
with the quantity calculated on the assumption 
that the liquid consists of the compound 
NII ( OH.E,0 (v. Ammonium Compounds),— 2 . 
Dry ammonium nitrate absorbs NH, at all tem¬ 
peratures from -13° to +25 3 with liquefaotion 
of the salt; heated over 25°, NH, is evolved and 
the substance becomes solid; the liquid at - 10 ° 
and 760 mm. contains 42-5 grams NH, and 100 
rams NH,NO„ these numbers agree with those 
calculated from the formula NH ( Nt>,.2NH,; the 
1 solid at 28°-6 contains NH ( NO, and NH, in tha 
| proportion NH,NO,:NH, (Divers, Pr. 21, 109 j 
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rtPat'S. -vO, BptoMo P. 0. 'Bpecldo P, '0. 
SlSvity' : - HH, ■ gravity NR, gravity NH, 

0-S844' 36 0 10-9183 24 0 0-9520 12 0 

0-8848 85-8 09139 23-8 0-9527 U'8 

0-8862 -35-6 0-9145 23-6 0-9534 11-6 

0-8856 '35-4 0-9150 2:1-4 09512 11-4 

0-8860 35-2 0-9156 23-2 0-9549 11-2 

0-8864 35-0 0-9162 23-0 0-9556 11-0 

0-8868 34-8 0-9168 22-8 0-9563 10-8 

0-8872 34-6 0-9174 22-6 10-9571 106 

0-8877 34-4 0-9180 22-4 i 0-9578 10-4 

0-8881 84-2 0-9185 22-2 0-9586 10'2 

0-8885 34-0 0-9191 22-0 1 0-9593 100 

0-8889 33-8 0-9197 21-8 0-9001 9-8 

0-8894 33-6 0-9203 21-0 0-9608 90 

0-8898 33-4 0-9209 21-4 0-9016 9'4 

0-8903 33-2 0-9215 21-2 \ 0-9623 9'2 

0-8907 33-0 0-9221 21-0 ! 0 9631 9 0 

0-8911 32-8 0-9227 20-8 i 0-0639 8-8 

0-8916 32-6 0-9233 20-6 0-9647 86 

0-8920 32-4 '0-9239 20-4 j 0-9651 8'4 

0-8925 32-2 0-9215 20 2 j 0-9602 8-2 

0-8929 32-0 0-9251 20-0 1 0-9670 8-0 

0-8934 31-8 0-9257 19-8 0-9677 7-8 

0-8938 31-6 0-9264 190 0-9685 7'G 

0-8943 31-4 0-9271 19-4 0-9693 7'4 

0-8918 31*2 0-9277 192 0-9701 7'2 

0-8953 31-0 0-9283 19-0 0-9709 7 0 

0-8957 30-8 0-9289 18-8 0-9717 6-8 

0-8962 30-6 0-9296 180 0-9725 645 

0-8967 30-1 0-9302 18-4 : 0-9733 G-4 

0-8971 30-2 0-9308 18-2 0-9741 C'2 

0-8976 30-0 09314 180 04)719 00 

0-8981 29-8 0-9321 17-8 0-9757 5'8 

0-8986 29-6 0-0327 17-6 0-9705 5 0 

0-8991 29 1 0-9333 17'4 0-9773 B-4 

0-8996 29-2 0*9340 17-2 0-9781 52 

0-9001 290 0-9347 17'0 0-9790 50 

0-9006 28-8 0-9353 16-8 0-9799 48 

0-9011 28-6 0-93)10 16-0 i 0-9807 4'6 

0-9016 28-4 0-9300 16-4 104)815 4 4 

0-9021 28-2 0-9373 16-2 0-9823 42 

0-9026 28 0 0-9380 16 0 i 04)831 4-0 

0-9031 27-8 0-9386 15-8 j 0-9839 8-8 

0-9036 27-6 0-9393 150 04)817 3'6 

0-9041 27-4 0-9400 15-4 041855 3'4 

0-9017 27-2 0-9-107 15-2 04)863 32 

0-9052 27-0 0-9414 15-0 0-9873 3 0 

0-9057 26-8 0-9420 14-8 0-9882 28 

0-9063 26-6 0-9427 14 0 0-9890 2'6 

0-9068 26-4 0-9434 14-4 0-9899 2'4 

0-9073 2C-2 0-9441 14-2 O-9U07 2 2 

0*9078 26-0 0-9449 14-0 0-9915 2'0 

0-9083 25-8 0-9150 13-8 0-9924 1 8 

0-9089 25-6 0-9463 13-6 0-9932 I'd 

0-9004 25-4 0-9470 13-4 0-9941 1 1 

0-9100 25-2 0-9177 13-2 0-9950 1 2 

0-9100 25-0 0-9481 130 0-9959 1-0 

0-9111 24-8 0-9491 12-8 0-9967 0-8 

0-9116 24-6 0-9498 12 6 0-9975 0'6 

0-9122 24-4 0-9505 12-4 0-9983 0 4 

0-9127 24-2 0-9512 12-2 0-9991 0-2 


Eaoult, C. B. 76,1261.—3. Ammonia gas com- 
bines with a great many metallic chlorides, sul¬ 
phates, &a., to form oither double compounds or 
compounds vfhioh aro best regarded as substi¬ 
tuted ammonium salts. (For a slight general 
tkoteh v. Ammontoh Oowoufma. The several com¬ 


pounds are described in the arts, on the different 
metals).— 4. Ammonia gas or solution combines 
with acids to form well-marked salts isomorphoua 
with the corresponding salts of the alkali metals. 
The value of the heat of neutralisation of an 
acid by NII,Aq is always rather smaller than 
the value when KOHAq or NaOIIAq is used; 
thus Thomsen [Tit. 1, 412-121) gives these 
numbers: 

BAq [HhSO'Aq, BAqJ [H' ; Cl ! Aq, BAq] 
2KOHAq 31,288 27,504 

2NaOIIAq 31,3,8 27.4S8 

2NH]Aq 28,152 24,544 

[H-N-0*Aq, BAq] 

27,514 

27,364 

27,644 

Those results are quiie in accordance with the 
view that an aqueous solution of Nil, contains 
tlio compound (NTIJOII, analogous in composi¬ 
tion and properties to the hydroxides of the 
alkali metals ( v . Ammonium Compounds). 

Defection.— Free ammonia is detected: 1. by 
its smell; 2. by its action on IIC1 whereby white 
clouds of NH.C1 aro produced; 3. by its 
action on paper, a. moistened with neutral 
HgNO„Aq, whereby a black stain (IIg,0) is 
formed, b. moistened with CuSO,Aq whereby 
a sky-blue colour (CnSO,.4NK,) is produced, c. 
moistened with MinSO,Aq, whereby brown spots 
(Mn/l ;1 ) arc formed, d. steeped in an ethereal 
solution of alkanna root (Enz, J. 1870. 935), 
whereby a bluo colour isprodueed (Biitiger, J.pr. 
107, 146). Tho presence of ammonia or am¬ 
monium salts can be ascertained by various 
tests; the following may be mentioned.—4. 
Sodium -picrate precipitates yellow ammonium 
picrato.— 5. A solution of sodium molybdate coil- 
tabling phosphoric and nitric acids forms a citron 
yellow pp. (Sonnenschein, J. pr. 56, 302).— 
6. Kessler's solution—a strongly alkaline sola* 
tion of llgl, in KIAq—forms a brown pp., or 
brown colour in extremely dilute solution, of 
NHgJ.H.O (Kessler, C. C. 1856. 529). All am¬ 
monium salts aro at least partly volatilised when 
boated; somo give sublimates of the original 
salt, e.g. NH,C1; others are decompose.!, e.g. 
NH,NO, and NH,NO,. 

Estimation.—1. Ammonium salts are some- 
times estimated in a mixture, all tho other con¬ 
stituents of which are non-volatile, by heating a 
specified quantity and determining tho loss of 
weiglxt. —2. All ammonium salts are decomposed 
by heating with KOUAq (or NaOIIAq) with evo¬ 
lution of Nil,,: if organic N-containing com¬ 
pounds which evolve Nil, by the action of 
alkalis are absent, it is only necessary to add a 
weighed quantity of tho ammonium compound 
to an excess of KOHAq, or NaOHAq, which has 
been boiled and ceded, in a flask connectod 
with a condenser and receiver, and to warm on 
a sand-bath; NH, passes over and is received in 
dilute HClAq; the NH,C1 is then transformed 
into 2NH,Cl.PtCl ( (ti. No. 3), orthe NH, is received 
in a measured quantity—excess— of standardise 
HClAq, H,SO.,Aq, or H,C,0 4 Aq, and the re¬ 
sidual acid is determined by titration with 
standard alkali. [A special apparatus is de- 
! scribed by Harcourt (Fr. 2, 14).) If N-con- 
taining organio compounds are present which 
! evolve NH, by the action of alkalis, Sclilossing 
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(A. Oh. [8] 81,168) reoommenda to plaie Ota 
substance with ezcesa of milk of lima ovay a 
measured quantity of standard H 2 S0 4 Aq, under 
a bell jar, ior 48 hours, and then to determine 
the residual acid by standard alkali. 3. Am¬ 
monium salts the aoids of which are Boluble in 
alcohol may be estimated by conversion into 
2NH,Cl.I’tCl 4 ; an excess of nearly neutral 
PtChAq.free fromIINO.„is added to the solution, 
the liquid is evaporated at 100 °, the residue is 
washed with alcohol, dried at 100 ’, and weighed, 
or it is strongly heated and the residual platinum 
is weighed. This method is applicable in the 


AMMONIUM OOMTOUSlMk Compounds 
produced by the action of ammonia on aoids. 
The conditions of ooourrenoe in nature, and also 
of the artificial syntheses, of these salts are re¬ 
ferred to in the artiole Ammonia, 5 . v. In that 
article some data are givon regarding the ab¬ 
sorption of ammonia by water (Combinations, 
No. 1), and regarding the thermal values of the 
neutralisation of acids by NH a Aq ( Combina¬ 
tions , No. 4). The products of tlio mutual 
actions of NlIjAq, and HCIAq, H„SO,Aq, and 
other acids—the ammonium salts—arc for the 
most part wliito crystalline bodies, easily soluble 


is weighed. This metuoa is appneamu in me . 

presence of sails which form double compounds in water, and many of them soluble also in alco- 
with Pt soluble in alcohol; it is best that sueli j bol; they exhibit marked analogies with the 
ralts should be chlorides, to insure this tho j salts of potassium. Corresponding ammonium 
mixture is evaporated with excess of cone. | and potassium salts are isomorphous, hence thoy 
HCIAq (it is best to remove sulphuric acid by probably have similar compositions. The am- 
Ba(OII) 2 , excess of Ba(Oll)., being afterwards ; monium salts are distmguislmd by *oir com- 
removed by CO..). In the case of KOI, which ; paratively great volatility ; heated, as solids, 
forms a salt 2KCl.PtCl, insoluble in alcohol, the they ore completely volatilised, if the acid of the 
mixed Pt salts are weighed, then strongly heated ; salt is volatile; if the acid is non-volatile (e.g. 
and again weighed, the KOI is dissolved out in borate or phosphate), ammonia is evolved. They 
water, and the residual Pt is weighed.- -4. Am- j do not exist as gases; when volatilised they are 
monium salts are decomposed by alkaline hypo- ; either decomposed c.g. NH,NO ; „ or dissociated 
chlorites or hypobromites giving oil all their N, ' e.g. NH 4 C1 q. v . ( v . also Dissncur ion ) When 
which may he collected and measured. , gaseous N B, acts on gaseous HC , HBr, or HI, 

(2NII ClAq + SNaClO Atj ® j combination occurs with production of mucli 

N„ + 3 NaCl ,\q* + .'t'll.0 1 2TIC1 Aq). ! heat and formation of solid compounds NH,HX, 

Wohler employed calcium hypochlorite for the thus (Th. 2, 7u): 
purpose; Knop (Fr. 9,225) used barium or sodium A 

liypobromito (prepared by the action of Br on 
Ba(OH)..Aq or on NaOIIAq); Schiif has descvilied 
a special apparatus {Fr. 7, 430); Kroelo r a. 

Dietrich (Fr. 3,64; 5, 40) decompose by excess of 


X 

Cl 

Br 

I 


(NIP, 11X) 
41,900 
45,020 
43,460 


Dietrich {Fr. 3,64; 5 , 40) decompose uy excess 01 If tho solid products of these actions, NHjHX, 
brominatcdNaOClAq, and determine the residual are heated to about 4o0 , a vapour is obtained 
hypochlorite by titrating with an alkaline solu- containing Nil, and HX; on cooling this vapour 
tion of arsenious oxide. (Comp, also Poster, C. J. the compound NH.HX is ro-fomied Gascons 
33, 470.)—5. Minute quantities of NH, are do- Nil, does not combine with HCI HBr, or HI, at 
terminod by the colorimetric process of Nessler- ■ temperatures above about 450 . Those facts 
ising; a measured quantity of Ncssler’s reagent establish a difference between the ammonium 
-Hgl, in KIAq made strongly alkaline by and potassium compounds. Ibis difference is 
KOHAq—is added, and the colour is compared further exhibited 111 tlie reactions of the two 
with that produced by an equal quantity of classes of compounds; tho ammonium salts are 
Nesslcr's solution in an equal volume ol water easily decomposed, e.g. by alkalis and alkaline 
containing a known quantity of ammonia. j earths with production of NH„. O 11 the other 

M. M. P. M. ! hand the properties of NH,Aq (v. Ammonia, 1 ro- 
AMMONIA, ACTION ON ORGANIC BODIES. 1 pertics of) are so similar to those of KOHAq, 
1 Ammonia converts alkyl salts of inorganic and the reactions of acids with these solutions, 
aoids into amines (a. v.).-2. It converts alkyl ; whether considered thermally or chemically, are 
salts of carboxylic acids into amides ( 7 . v.).— so analogous, that there can be little doubt that 
3 It converts the oxides of acid radicles into the composition of ammonium salts is similar 
amide and ammonium salt; Ac,O+ 2 NH,- | to that of potassium salts. This similarity is at 
AcNH + AcONII,.—4. It converts chlorides of once rendered apparent by formulating tne 
acid radicles into amides of the correspond- : former class of salts as compounds of the. hy- 
ing acids; AcCl + 2 NH s = AcMh. + NTI.Cl.-S. It i pothctical group of atoms Nil,, ammonium. 
unites with cyanio ethers forming ureas.— 6 . i Thus we have : , . 

It unites with thio-carbimides forming tliio- j NII,.C1 isomorphous with and chemically analo- 

- - • .. 1 gous to K.C1, 

NH,.NOj isomorphous with and chemically 
analogous to K.NO s , 

(Nil,).,.HO, isomorphous with and chemically 
analogous to K a .K0 4 , 

(NH 4 ) 2 .C,0 4 isomorphous with and chemically 
analogous to K 2 .C.,0„ 

NH t .C.,H : ,0 2 isomorphous with and chemically 
analogous to K.C 2 H a Oj. 

If fliis analogy of properties Js in all cases 
supposed to accompany analogy of composition; 
then NIIjAq must bo formulated as NH,.OHAq. 
The oompound NH,OH has not been separated 


ureas.— 7. It nnitos witht aldehydes, but in 
the case of the higher fatty aldehydes and the 
aromatic aldehydes water is simultaneously split 
off.— 8 . It unites with ketones and qiiinoncs.— 
f. Alcoholic NIJj sometimes removes HCI; thus, 
U converts isobutylidene chloride Me.CH.CHCl 2 , 
chloro-iso-butylene Me 2 C:CIICl, and di-chloro- 
propane CH,.CCl,.Cn„ into cliloro-propylcne 
CH,CCl:CH..(Oeconomides, C. B. 92, 1235).—10. 
For its action on oxy compounds see Amines, 
Formation 10.—11. Ammonia can displace O 
by NH. 

AMMONIAC GUM v. Gum. 




from the eolation of NH, in water ; bat this does 
not prove the non-existence of the oompound in 
this solution. A chemical compound may, and 
sometimes almost certainly does, exist as a 
member of a system, and yet it may be incapable 
of existence apart from the other members of 
the system. The existence of every compound 
is conditioned by other factors than the 
elements which compose it ; among those 
factors, temperature, and the presence or absence 
of other compounds, are very important. Com¬ 
pounds closely resembling NH,OH, and un¬ 
doubtedly derived from NH,OH, arc known as 
definite solid bodies; they are obtained by re¬ 
placing tlio four hydrogen atoms in the com¬ 
plex NH,OH by alcoholic radicles C n H>„,, or 
CJI*,.,; thus N(CTI,) ,.011, N(C a HJ 4 .OH, and 
K[(C. i jII 5 ). <: (C (i II 5 ). j! ]OH, have been prepared. Thcso 
bodies closoly resemble NaOH and KOH in their 
properties; their existence and properties are 
strong arguments in favour of the existence 
of the compound NII,OH in aqueous solutions 
of NII 3 . The formula) NII..OH, NH..C1, (NH ,).,S0, 
&c., then better summarise tho properties 
and reactions, and suggest the analogies, of the 
ammonium compounds, than the alternative 
formulas NH 3 .H,0, NH 3 .IIC1, (NIl ;1 ),.H,SO, Ac. 
The name ammonium is given to the compound 
radiclo, or group of atoms, NIT,. We do not 
know that the composition of the molecule of 
ammonium chlorido is represented by the 
formula NH,C1; indeed we do not oven know 
the molecular weight of this, or of any other, 
ammonium compound. These compounds seem 
to exist only as solids, or in solution. We aro 
scarcely justiliodin applying the term molecule to 
tho chemically reacting small particles of solids 
or liquids, unlc*s tho term is used in a wider 
and vaguer sense than is given to it when we 
speak of tho moleculo of a gas (v . Atomic and 
molecular Wiliams). But in saying that the 
complex or collocation of atoms which forms 
tho reacting weight of ammonium chloride is a 
combination of an atom of chlorine with the 
radicle, or group of atoms, ammonium, wc 
mean to imply that, when this complex of 
atoms reacts with various other kinds of matter, 
it behaves as if tho four atoms of hydrogen were, 
in some way, more directly and closely related 
to tho atom of nitrogen than to tho atom of 
chlorine. The fact, that when the same complex 
of atoms is heated it separates into two distinct 
molecules, HCi and NH 3 , neither proves nor dis¬ 
proves tlie correctness of the formula Nil,.Cl, 
and tho conception which that formula em¬ 
bodies. Neither docs the fact, that no gaseous 
molecule is known containing a single atom of 
nitrogen combined with more than tlireo mono¬ 
valent atoms, disprove tho formula NU,.01; for 
the solid compound ammonium chloride presents 
us with phenomena to which tin conceptions 
regarding tho valencies of atoms, which have 
keen gained by the study of gaseous molecules, 
are not strictly applicable. 

In connection with the constitution of am¬ 
monium compounds it is of interest to observo 
that the compound produced by Ijio union of 
N(CH 3 ) 3 0f.H a with appears to bo identical 
with the compound produced by the union of 
N(C 3 H S ).,CH, with CH„I; it seemB as if this 
compound N^OH^GgHa)*]! belongod to tho 


same fohfc or type NH ( .C1,NH,.0H, <fea 

(V. Meyer and Lecod, B. 8, 233 a. 936). 

The group of atoms, NH„ is evidently chemi¬ 
cally comparable with the atoms K, Na,Li, Cs, or 
lib; but these are the atoms of strongly positive 
metals; hence if the group NH, could be isolated 
it might be expected to exhibit properties similar 
to those of the alkali metals. Experiments have 
demonstrated the impossibility of the existence 
of NH, uncombincd with other atoms; but 
certain reactions are known which suggest the 
existence of an aOoy of this hypothetical metallic 
radicle with mercury. 

Ammonium Amalgam. If an electric current 
is passed through cone.NH.,Aq, or NH,ClAq, the 
negative electrode consisting of mercury and the 
positive of a platinum wire, the mercury swells up, 
sometimes to 20 times its original volume, and 
becomes pasty so that it may be lifted by the 
hand, while nitrogen is evolved at the positive 
electrode. The same result is obtained as 
regards the mercury, if a piece of solid NH,C1 
is used; also if sodium-amalgam, containing 
about 1 p.c. Na, is placed in cone. NH,ClAq— 
in this caso NaClAq is produced. Tho peculiar, 
pasty, lustrous, metal-like, substance formed in 
these experiments is called ammonium-amal¬ 
gam; at a very low temperature, obtained by 
solid C0 3 and ether, it is a dark-grey, solid, 
crystalline, mass ; even at — 2U° it begins to 
evolve NH 3 and H, and this change proceeds 
rapidly at moderate temperatures; the two gases 
always come oil in the ratio Nil.,: II. 

An amalgam of K with Hg is produced by 
electrolysis under conditions very similar to 
those which attend the production of ammonium- 
amalgam; the analogy between ammonium 
and potassium is thus carried out here also. 
Ammonium-amalgam, it is said, docs not 
reduce salts of Ag, Cu, or Fe, as K amalgam does 
(Landolt.il. Suppl. 6,340). When tho amalgam 
is subjected to increased pressure its volume 
is found to change almost inversely as the 
pressure; in this respect then it behaves like 
a gas rather than a semi-solid compound. 
The followiug data are given by Boutledge 
(C. N. 20, 210) 


c.o. of Hg 
in 

amalgam. 

c.c. of 

amalgam, 
pressure 
762 mm. 

Increased 
pressure 
applied, in 
mm. of Hg. 

C.O. of 
amalgam 
under in¬ 
creased 
pressure. 

c.c. of 
amalgam 
calculated 
by Boyle’g 
law. 

14-5 

21-0 

1524 

18’0 

179 

24-4 

36-2 

1524 

310 

80-9 

10-4 

18-0 

18(53 

14’7 

13-7 

23-8 

42-2 

1026 

38-8 

38-5 

23-8 

42-0 

2015 

32-2 

31-6 

23-8 

36-2 

1495 

32-6 

30-6 

22-2 

39-5 

1989 

34'4 

35-4 


As the pressure increases, tho surface of the* 
amalgam becomes brighter, until under large pres¬ 
sures it has the appearance and liquidity of 
mercury (Seeley, C. N. 21, 265). These results 
point to the existence of gaseous NH, or H, 
or, it may be, gaseous NH„ in the Hg; but 
they do not disprove the existence of the' 
atomic group NH, in some kind of loose com¬ 
bination with Hg. An alloy of Fe and NH, 
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SOS 

b Mid by Meidinger (0.0.1863. 78) to be formed 
when PeSO ( Aq or FeOljAq, to which a con¬ 
siderable quantity of NH^ClAq has been added, 
is electrolysed by a strong current, the negative 
electrode consisting of a copper wire. 

By electrolysing aqueous solutions of ammo¬ 
nium salts using carbon electrodes, Bartoli a. 
Fapasogli((?.13,281) obtainedbeuzcnecarboxylio 
acids and a compound of C, II, 0, and N, re¬ 
sembling mellogcn. 

Of the ammonium compounds we have here 
to consider the bromide, chtoridc, fluorides, 
iodides, selenides, tclluridc, and sulphides ; tho 
others will be considered under the headings 
Carbonates, Nitrates, Sulphates, Ac. The hy¬ 
droxide, known only in aqueous solution, has 
been already treated of in the art. Ammonia. 

Ammonium bromide. NH,Br. Mol. w. un¬ 
known ; does not exist as a gas, but is disso¬ 
ciated by heat into HBr + NH 3 . S.G. 2-379 
(Sohroder, P. 100, 212). S. G. Y° 2'327 (Kder, 
Sits. W. 82 (2), 1281). V. D. at 110° to 860'24-4 
(Deville and Troost, G. 11. 49, 230; 50, 881), 
S. (10°) GO-2 ; (10°) 72 ; (30") 81-1; (50°) 91-1 ; 
(100°) 128-2. S. (alcohol, S.G. -800, 15°) 3-1; 
(76°) 10-5. S. (ether S. G. -729)-12 (Eder, l.c.). 
[NIG, HBr]= 45,020; [N, II 1 , Br] = 05,318 
(Th. 2, 75). [Nil Br,Aq] = - 4380 (Th. 3,197). 
S.V.S. 41-7. 

Formation.—1. By adding IIBr or IIBrAq to 
NH, or NH,Aq. 2. By the action of Br on 
NH,Aq; 4NH 3 Aq + 3Br=3NH,L!rAq + N : on 
evaporation, crystals are obtained. 

Properties and Reactions.— White crystals; 
soluble in water; the act of solution is attended 
with absorption of much heat. Exposed to moist 
air turns yellow, and acquires an acid reaction. 
An aqueous solution gives oil ammonia at mode¬ 
rately low temperatures. 

Troost (C. R. 92, 715) describes three com¬ 
pounds, NH,Br..rNIIj, a- = l, 3, and C, obtained 
by the action of excess of Nil, on warm NH,Br; 
the dissociation-phenomena of these compounds 
have been studied by llooseboom (lt.T.G. 4,3C1). 

Ammonium chloride. NH,C1. (Sal ammo¬ 
niac.) Mol. w. unknown; does not exist as 
gas, but is dissociated by heat into Nil, + IIC1. 
S.G. 1-52 (Schroder, P.100, 212). V.D. at 350° = 
14*4, at 1040°= 14-5 (Deville a. Troost, C. It. 49, 
239 ; 66, 891); but vapour consists of equal 
volumes of Nil, and HC1 (v. Reactions, No. 1). 
S.H. (16° to 45°) -373 (Kopp, T. 155, 71). S.H. 
{23° to 100°) -3908 (Neumann, P. 120,123). C.E. 
(oubical, 0° to 40°) -00018764 (Fizcau, C. R. 61, 
814). S.V.S. 35-2. S. (0°) 28-4; (10") 32-8; (110°) 
77-2; S. increases approximately 4-4 parts for 
each 10° (Alluard, C. R. 59, 500). S. (alcohol 
S.G.-939, 8 s ) 12-6; (56°) 301 (Gerardin, A. Cli. 
[4] 5, 129). [NH’, HC1J = 4 *,900; [NIGAq, 
HClAq] -12,270; [N, II\ Cl] =75,790 (Th. 2, 
76): (NH‘Cl,Aq] = —3,880 (Th. 3,197). 

' [NH’Cl. n II ! 0, m H-O] (Th. 3,109). 

^+ m « 25 50 100 200 

10 —87 -121 -120 -129 

„ 25 — - 34 - 42 - 42 

„ 50 — - 8 - 8 

»» 100 — — 0 

Occurrence,— In small quantities, in the 
neighbourhood of voloanoes, and in fumaroleB; 
in some animal secretions, eq, saliva. 


Formation,—1. By mixing HOI and NH* in 
equal volumes. 2. By the aotion of HC1 on N 
and H, under the influence of the eleotric dis¬ 
charge, or whem heated and quickly cooled (for ' 
details v. Ammonia, Formation , Nos. 1, 2, and 
3).—3. By the decay, or destructive distillation, 
of various N-containing organic matters. 

The name Sal ammoniacum seems to have 
been given by the earlier chemists to rock-salt; 
Gcber, probanly latter part of 8tli century, pre¬ 
pared ammonium chloride from urine and com¬ 
mon salt; towards tho end of the seventeenth 
century tho name Sal ammoniacum came to be 
applied to ammonium chloride. The salt was 
prepared in Egypt by sublimation from tho 
sooty deposit obtained by burning camel’s dung. 
Tho first manufactory of sal ammoniac in 
this country was established at Edinburgh in 
175G. 

Preparation. —Crude ammonium carbonate 
obtained by the dry distillation of bones, horn, 
blood, A r c., or gas coal, is decomposed by hot 
milk of lime, and tho NH 3 produced is led into 
HClAq, the liquid is boiled down, and the crude 
NH 4 C1 is purified by solution, filtration through 
animal charcoal, re-crystallisation, and sublima¬ 
tion. For details of preparation of pure NII 4 C1 
v. Ammonia, Preparation No. 3. 

Properties .—Pure ammonium chloride is a 
white, inodorous, salt, with a pungent taste; it 
crystallises from aqueous solutionsin small cubes 
or octahedra which gather together into feathery 
masses ( v . further, Naumann, J.pr. 50,11 and 
310). By sublimation and rapid cooling it is 
obtained as a loosely cohering powder consisting 
of minute octahedra; the ordinary sublimed salt 
has been partially fused and appears as a semi- 
translucent mass of fibrous crystals. It is very 
tough, and cannot bo powdered; sal ammoniac 
is best obtained in fine powder by evaporating a 
solution to dryness with constant stirring. It is 
easily soluble in water ( v . data at beginning of 
article); a cone, aqueous solution boils at 115*8° at 
708 mm. (Alluard, C. R. 50,500); .S.G. of cone. 
NH 4 ClAq containing 2G p.c. NII,C1 is 1-0752 
(Michel a. Krafft, A. Ch. [3] 41, 471). Tables of 
S.G. of NII,ClAq are given by Gerlach (J. 1850. 
42), and ScliifT (A. 110,74). On heating NTI 4 ClAq 
of 10G p.c. to 37° NI1 3 is given off in the 
water-vapour (Leeds, Am. S. [3] 7, 197); as 
temperature increases the decomposition of NH ,C1 
probably increases also ( v. Eittig, A. 128, 180 ; 
Dibbits, B. 5, 820; Briicke, J.pr. 101, 481). 

Reactions. —1. When NH,C1 is heated it 
vaporises, but tho vapour is found to consist of 
IiCl and NH., ( v. Pebal, A. 123, 100; Than, A. 
131, 129; Wanklyn, P.M. [4], 29, 112; Wurtz, 

J. 1850. 30 ; Deville a. Troost, G. H.49, 239 ; 56, 
891; Tommasi, B. 14, 353). The density of tha 
vapour is 12-0 according to Bineau (A. Ch. [2] 
G8, 41G); 14-4 at 350°, and tho same at 1010°, 
according to Deville and Troost [C. R. 40, 239; 
5G, 891). Than (Z.c.) has shown that HC1 doos 
not combine with NH 3 at 850° or higher 
temperatures. — 2. NIl.ClAq is decomposed by 
chlorine with formation of IIC1 and nitrogon 
chloride ( q . v.).—3. Heated with iron, zinc, or 
better with* potassium, NII 4 01 is decomposed . 
with production of metallic chloride, NH S , and H; 
in presence of air and moisture the reaotion pro¬ 
ceeds rapidly with formation of metallic chlwdde 
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Of oxychloride and NH,.—4. Many metallic easily soluble in water; slightly deliquesoent: 
oxides decompose NH 4 C1 with formation of chlo« easily volatilised, vapour being very acrid, 
rides, and NH S ; in some cases— e.g. oxides of Ammonium iodides. 

Hg, Pt, Au <feo.—the ohloride combines with a I. NH 4 I. Mol. w. unknown; does not exist 
portion of the NH 4 C1 to form a double compound, as gas, but is dissociated by heat into NH S + HL 
6. Alkaline carbonates decompose NII 4 C1 when S.G.ii° 2*498. S.V.S. 58. V.D. (440° to 800°) 
heated with volatilisation of ammonium car- 38*8, but vapour consists of equal volumes of 
bonate. Calcium carbonate , especially when HI and NH 3 . [NH 3 , HI] ^43,462; [N,H 4 ,I]=» 
freshly precipitated, dissolves readily in NH 4 ClAq; 49,313 (Th. 2,75). [NH 4 I,Aq] = - 3,550 ( Th. 3, 
on heating, ammonium carbonate is evolved.— 197). Formation. —1. By mixing equal volumes 

6. Crystallised sodium sulphate partially of III and NH„ or by acting on HIAq with 
decomposes NH 4 Cl when the two are mixed NH.,Aq. —.2. By decomposing FcJ^Aq by 
together by rubbing, NaCl and (NH 4 ) 2 S0 4 being (NH 4 ) 2 C0 3 Aq, or BaTAq by (NH,) 2 SO,Aq. Pre¬ 
formed and partly dissolving in the water which paration. —1. IIotsaturatedsolutionsof(NH 4 ) 2 S0 4 
comes from tlio sodium sulphate crystals.— and KI, equal equivalents, are mixed; after 

7. Sulphuric anhydride vapour is absorbed by cooling, alcohol equal to 15 p.c. of the water 
powdered Nil,Cl, on warming HCl is evolved used is added; tho liquid is filtered after 12 
and S0 2 NH.,0NH 4 is formed; if water is added hours, and evaporated with addition of a little 
(NH 4 ) 2 S0 4 is produced.—8. The reaction between NH 3 Aq from time to time (Jacobsen, G. C. 1864. 
acids and NH.,C1 follows the ordinary courso of 192).—2. A solution of 27parts KI in 48 parts 
the interaction of acids with salts of other acids. H 2 0 is mixed with a solution of 22 parts tartaric 

Combinations. — 1. NH 4 C1 combines with acid in 48 parts water, the mixture is placed in a 
many metallic chlorides to form double com- freezing mixture to separate KIIC 4 II 4 0 8 , the 
pounds ; e.g. PtCl 4 .2NH,Cl; IIgCl 2 .2NII 4 Cl; filtrate is evaporated at 100° with addition of 
CuCl 2 .2Nn 4 Cl &g. (v. the several Metai^s).— 2. a little (NH 4 ) 2 CO s (Beyer, D. P. J. 171, 467). 
With an aqueous solution of ICl.„ the compound Properties. —Colourless cakes, very soluble in 
NH 4 C1.IC1 3 is produced ( v. Ammonium iodide ; water and alcohol; deliquesces in moist air, and 
Reactions , No. 2).—3. According to Troost (C. R. becomes yellow through separation of I, and loss 
88,578) when NH 4 C1 is heated with a large excess of NIL,; may be sublimed unchanged in absence 
of pure dry ammonia , at least two compounds of air. Reactions. —1. NH,IAq is easily decom- 
aro formed: HC1.4NH,, melting at 7°; and posed by dilute acids ; the solid compound is 
HC1.7NH a , formed at — 31° and 750 mm., melting decomposed by dry HCl gas at high temperatures, 
at —18°. at 360° about *Jjth, at 410° about ,‘tli, at a dark 

Ammonium fluorides (Marignac, Ann. M. [5] red heat about £tlis, of tho Nil,! being decom- 
15, 221). posed (nautcfeuillc, C. R. 61,701).—2. Chlorine 

I. Neutral Salt. NH 4 F. Mol. w. unknown, led into saturated NII 4 IAq produces long, golden- 
[NH s Aq, HFAq] =. 15,200 [NH 3 , HF] = 30,100 yellow, needles of NH.Cl.ICl, (Filhol, J. Ph. 
(Guntz, C. It. 97, 1483). Formation. —1. By : 25, 441); this compound is decomposed by 
mixing HF and # NH 3 .—2. By heating KF or gentle heating into ICl 3 and Nil,C1.—3. By heat- 
NaF with NH 4 C1. Preparation. —1. By gently | ing in ammonia , the compounds NH,I.a:NH s 
heating a dry finely powdered mixture of 1 part \ x - 1, 3, and 0, are obtained according to 
NH,C1 with 3£ parts KF in a platinum crucible Troost ( G. R. 92, 715). 

covered with a lid, which is kept cold by drop- II. According to Guthrie ( C . J. [2] 1, 239) a 
ping water on to it; tho NH,F sublimes on to compound of Nil,1 with I—Nil,1.1—is obtained, 
the lid.—2. Ordinary HFAq is saturated with as a brownish-black liquid, soluble in alcohol, 
NH,,Aq, a littlo (NH 4 ) 2 C0 3 Aq is added, the clear ether, CS 2 ,and KIAq, less soluble in CHC1 3 , when 
liquid is decanted and evaporated in a platinum I is added in small quantities to a cone, solution 
dish with repeated additions of small pieces of of NH 4 N0 3 with which £ equivalent of KOH has 
solid ammonium carbonate. Properties. —Ilexa- been mixed. NH,I.I easily separates in dry air 
gonal prisms with strong saline taste; unchanged into NIL, and I; water or dilute alkali produces 
in dry air, but deliquescent in moist air; oasily iodide' of nitrogen, NII 4 I, and HI; mercury acts 
soluble in water, less soluble in alcohol; an on it to form Hgl. and NH,; aqueous solutions 
aqueous solution gives off NH S and acquires an of acids produce NIT, salts and separate I. 
acid reaction; the dry salt absorbs NH a but gives Johnson ( C. J. 33,397) describes a compound 

it off again on heating; sublimes readily with of NH 4 I and I the composition of which agrees 
previous fusion; etches glass, and must be kept with the formula NH,I 3 . It is produced by 
in platinum, silver, or guttapercha, vessels. Re- adding I to N1I 4 I in presence of a little water 
actions. - 1. When moist, or in solution in until no more I dissolves. It forms dark-blue, 
water, Nil ,F decomposes silicates with formation somewhat deliquescent, prisms; S.G. 3*749 ; 
of BiF 4 ; the saino decomposition is effected by soluble in a little water, decomposed on dilution 
tho dry salt by heating it with silic^fes.—2. An with precipitation of I. _ This compound seems 
aqueous solution is decomposed by heat , with to form a double salt with KI, viz. 5NH 4 I S .KI, 
formation of the acid salt NH 4 F.HF and evolution obtained by passing NH 3 into the mother liquor 
of NH a (v. infra). from which KI, has separated. 

II. Acid Salt. NH 4 F.HF. Mol. w. un- Ammonium selenideB (NH 4 ) 2 So, and (NH 4 )8eH 
known. S.G. 1*21. Formation.— 1. By evapora- (Bineau, A. Oh. [2] 67, 229). Neither has been 
ting an aqueous solution of NH 4 F at 36° to 40° gasified and therefore mol. ws. are unknown, 
in a platinum dish.—2. By adding*excess of NH S has no action on Se, but readily combines 
NII 3 Aq to a solution of fiuosilioio aoid, and with H 2 Se; when excesB of NH a is used 2 vols. 
evaporating; as thus obtained the salt is mixed oombiue with 1 vol. H ? Se and produce (NH 4 ) a Se, 
with silica, Propertiw.— Colourless prisms; when excess of H a Se ib used equal vole, of the 
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gases combine and Ionia NH,.HSe. These com-*' 
pounds are white solids which soon turn red by 
exposure to air or when dissolved in air-contain¬ 
ing water ; both smell of NH, and ILSe and appear 
easily to undergo change; their aqueous solu¬ 
tions probably contain polyselenides although 
none of those has been isolated; the products 
of the distillation of K_.Se with NH,C1 probably 
■also contain ammonium polyselenides. 

Ammonium telluride NH,.HTe. White loaf- 
shaped crystals; easil/soluble in water, vola¬ 
tilised at 80°. Formed by tRe direct union of 
NH, and H,Te (Bincau, A. Ch. [2] 67, 220). 

Ammonium sulphides, and Sulphydrate or 
Hydrosulphide. Five solid sulphides, and a 
hydrosulphide, of ammonium are known; their 
oompositions aro expressed by the formula) 
NH.HS, (NHJ.S, (NII 4 ),S 2 , (NI1,),S 4 , (NH^S* 

(NH 4 );,S 7 ; none of these exists in the gaseous 
state; the first and second, which have been more 
studied than the others, are dissociated by heat, 
into NH, + H,S, and 2NH 3 + ILS, respectively. 
All the ammonium sulphides are soluble in water, 
they very easily undergo change at ordinary tem¬ 
peratures, usually giving off Nil.,, and ILS which 
is often partly decomposed with precipitation of 
S. They aro all decomposed by dilute acids 
with precipitation of white amorphous 8, evolu¬ 
tion of ILS, and formation of an ammonium salt 
of the reacting acid. These sulphides act as 
salt-forming or basic compounds towards 6uch 
acidic sulphides as As.^Sg, As.Sg, SLS, &c. ( v . 
infra : also Arsenic, and Antimony, thio-acips). 
According to Berzelius any one of the ammo¬ 
nium sulphides, except (NH 4 ) 2 S 7 , can be pre¬ 
pared by gently heating the corresponding sul¬ 
phide of potassium with sal ammoniac; in every 
case except that of K.S., the NH,Cl must be in 
excess, else part of the ammonium sulphide 
formed is decomposed with production of 8 (Nil, 
and II) which combines with the potassium sul¬ 
phide to form K a S a . Little or nothing is known 
of the physical constants of these compounds; 
the following thermal data are given, but, by 
reason of the instability of the sulphides and 
the indirect methods by which the numbers have 
been obtained, they must be accepted with cau¬ 
tion ;— 

H.F. of solids from gaseous N and H, and solid S. 

{raj! s!=csjcoo j ( Salmtier > G - R - ul > C3 ) 

(NHjj S, - 69,400 (Sabatier, A. Ch. [5] 22, 73). 

The telra- and peuta-sulpbidc dissolve in 
water with absorption of about 8,000 gram-units 
of heat per formula-weight of the sulphide. 

The sulphides of ammonium have been 
studied chiefly by Fritzsoho ( J. pr. 24, 460; 
82, 313 ). , 

Preparation. —NH,H8 is prepared by the 
reaction of equal volumes of NH, and H 2 S at the 
ordinary temperature, or at temperatures not 
lower than -10°. An aqueous solution of NH,IIS 
is obtained by saturating NH,Aq with H 2 S in 
absence of air. 

(NH,),,8 is prepared by cooling a mixture of 
2 vols. NH, and 1 vol. H.,8 to-18° ; or by dis¬ 
tilling K 2 S with excess of NH.Cl and cooling the 
distillate to -18°. 

(Nil p.S, is obtained by passing vapour of 8 
and of NH.Cl through a hot porcelain tube and 


then into a well edoled receiver. An aqneoui 
eolation may be prepared by dissolving 8 in 
(NHJ.,8 Aq in the proportion (NHJ 2 S:S. 

(NHJjS,: when NH.HSAq (v. supra) is di¬ 
gested with 8, the solution saturated with NH„ 
and then with H.,8, more 8 added, and saturation 
with NH, and then with H 2 S repeated, the whole 
liquid sots to a crystalline mass; if this is heated 
to 40°-50° a clear liquid is produced from whioh, 
on gradual oooling, largo orystals of (NHJjS, 
separato out. 

(NlIjJ.S,: if the mother liquor from the 
orystals of (NHJ.S, is surrounded by a froezing 
mixture, and treated first witli NH, and then 
with H.S a crystalline magma is formed; on 
wanning a clear liquid is produced from which 
crystals of (Nil,),8, aro deposited. 

(NH,).S, is obtained by the gradual decom¬ 
position of (NHJ.S, in dry, slightly warm, air; 
it is also formed when a solution of (NH,) 2 S, in 
its mother liquor (??. supra ) is placed under a 
largo boll jar for some time. 

Properties and licaclions.— NH,SH : hard, 
white, plates or needles; very soluble in water, 
and easily volatilised. V.l). at 66° 12*8, which 
corresponds with equal vols. of H.S and NH, 
(Neville a. Troost, C. It. 60, 891). Aqueous solu¬ 
tion is colourless, but soon changes in air from 
absorption of O, which decomposes a part of 
the NH,HS with formation of H A), Nil,, and 8; 
some of the 8 acts on the remaining NH ( HS to 
form (Nlt,).S., another part of the 8 is oxidised 
to ILSA, and a portion of it is usually de¬ 
posited. This process proceeds if exposure to 
air is prolonged; the (Siri,),H. is slowly decom¬ 
posed, until finally a solution of (NII,) 2 SA ‘ a 
NlIjAq, mixed with solid S, is tho result. 
NH.llSAq reacts with most metallic salts in 
solution to form sulphides of the metals ; it also 
reacts with acidic metallic sulphides to form 
ammonium thio-salts, with evolution of II..S, 
e.ij. As ; 8, + 2NH,RHAq = 2NII 4 AsS 2 Aq + 1L8 
(s. Ausksic, Tino-ACins or). 

(NH,).S; while,lustrous,crystals; casilysoluble 
in water, forming a colourless liquid which easily 
decomposes with evolution of Nil, and formation 
of NH,IIS. V.D. 18’2 (calculated for 2 vols. 
NH, + .1 vol. H 2 S = 17-0) (Deville a. Troost, 
C. It. 56, 891). lteacts as a strongly marked 
base towards acidic sulpirides to form ummonium 
thio-salts. 

(ra,) 2 S,: sulphur-yellow crystals, easily 
soluble in water and alcohol. Stable only in an 
atmosphere saturated with NH, and I1 2 S ; easily 
decomposed in air with evolution of NH, and 
H.,8. A saturated aqueous solution is fairly 
stable; more dilute solutions, and solutions in 
alcohol, soon precipitate 8. When heated, 
NH,1IS and S are formed. 

(NH|) 2 S,: orango-rod prismatic orystals, 
easily soluble in water and alcohol. These 
solutions *are very unstable, decomposing into 
(NH|) 2 R,„ 8, H.S, and NH,, and after some time 
also (NHJ.S.O,. In dry air the crystals give off 
NH, and NH.HSand are changed into (NH,),S r 

(NHJjS,: ruby-red crystals, muoh more 
stable than any of the lower sulphides; decom¬ 
posed atV about 300° ; soluble in water forming a 
fairly stable liquid which is only ijowly deoojfc- 
posed by HClAq. 

The liquid known as fuming liquor of Boj/U, 
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or volatile Mm of sulphur, chiefly consist* of ft 
mixture, of various ammonium polysulphides; 
obtained by distilling a mixture of 1 part S, 

2 parts NH 4 C1, and 3 parts OaO. It is a dark 
yellow, strongly smelling, and strongly fuming, 
liquid. _ It dissolves sulphur and then no longer 
fumes in air. 

Ammonia reacts with many metallic salts 
to form compounds, several of which behave as 
if they were derivatives of ammonium chloride, 
Bulphate, &c. t rather than double compounds of 
ammonia with the metallic salts in question. 
Thus NH, and PlCl 2 form the crystalline com¬ 
pound PtCl 2 .4NII 3 ; by the action of ILSO, on 1 
this, IIC1 is evolved, and there is produced ! 
PtS0 4 .4NH 3 ; decomposed by Ba(0H) 2 Aq this 
compound yields PtfOHJ^NH,, which loses HX) 
when heated, with production of Pt0.4NH : ,. The 
compound Pt(OII) 2 .4NH 3 is a markedly alkaline 
body, resembling NaOII or KOII; it neutral¬ 
ises 2 equivalents of a monobasic acid. The 
compounds PtCL4NH 3 , PtS0 4 .4NH 3 , and 
Pt(OII).»4NH 3 , can scarcely be regarded as double 
compounds of ammonia and platinum salts ; 
their reactions are better suggested by supposing 
them to be derivatives of ammonium compounds, 
obtained by replacing part of the hydrogen by 
platinum. The name platinammonium has 
been given to the hypothetical radicle 

The chloride of this radicle would beN 2 H ri PtCl 2 ; 
if two hydrogen atoms in the group N.JI 0 Pt arc 
supposed to be replaced by two ammonium 
groups (NH,) we get the hypothetical radicle am- 
m onium-p 1 ati nam monium NJI,(NH,).Pt. 
The compounds PtClo.4NH 3 , PtS0 4 .4NH 3 , 
and Pt(OII).,.4NH 3 may be regarded as com¬ 
pounds of this radicle; thus N..n 4 (NII,)..Pt.Cl.. f 

n 2 h,(nii,) 2 pt.so 4 , nji^nh,) pt.(oii).,. ' 

Compounds are obtained by the action of 
NH 3 Aq on Hg.CL and HgCL, respectively, which 
have tho composition IIg 2 NJI._.Cl and IlgNILCl; 
these react as derivatives of Nil,Cl in which IL 
is replaced by Hg 2 and by Hg, respectively. The 
name mercuro-ammonium is sometimes 
given to the hypothetical radiclo NHJIg : , and 
the name mercuri-ammonium to the hypo¬ 
thetical radicle NILHg. 

A great many bodies are known the reactions 
and relations of which can be gathered together 
into one point of view by considering them as 
compounds of various hypothetical radicles de¬ 
rived from NJI 4 , N 2 H 8 , N 3 H,. Jt &c., by replace¬ 
ment of part of the hydrogen by various metals. 
These compounds will be described under the 
headings of tho various metals (a. more par¬ 
ticularly the C1IKOM-AMMONIUM-,COBALT-AMMONIUM-, 
COPPER-AMMONIUM-, MERCURY-AMMONIUM-, ftlld PLA¬ 
TINUM-AMMONIUM-, compounds; in tho articles 
Chromium, Cobalt, Copper, Mercury, and Pla¬ 
tinum respectively). 

Ammonium salts, i.e. derivatives of acids 
obtained by replacing H by the group Nil,, 
are described under the various headings 

CARBONATES, NITRATES, SULPHATES, £c. &C. The 

principal salts are the following :-Anti- 
monate;' arsenate, arsenite; borate; bromatc , 
Ac. ; carbamate; carbonates; chlorates , chlorite, 
Ac,; chromates; cyanates; cyanide; wdate,per¬ 


iodate, Ac.; molybdates ,* nitrate, nitrite, Ac.; 
phosphates; selenite, Ac.; silicates; sulphamate, 
Ac.; sulphates , sulphites, Ac.; tautalate; tellu - 
rates ; thioarsenates, thiocyanates, thiosulphates, 
Ac. For an account of the general properties of 
these salts v. beginning of present article. 

M. M. P. M. 

AM0XY-. Contraction for amyl derivative 
of Oxy-. 

AMYDECTiLENIC ACID v. Decenoic acid. 

AMYGDALIC AClU C 2fl H 2(i O i2 or C^H^O,* 
Formed by boiling' amygdalin witli baryta. Deli¬ 
quescent crystalline mass, insol. alcohol, and 
ether. By boiling with H 2 S0 4 and Mn0 2 it 
yields formic acid, C0 2 , and benzoic aldehyde 
(Liebig a. Wohler, .<4.22,11; GG, 240; Schiff, A . 
154, 318). 

Acetyl derivatives C 20 H 21 Ac 4 O, 8 and 
Ca.IL.AcA, (S.). 

AMYGDALIN C., 0 IL 7 NO n 3aq. [200°]; after 
solidifying it melts at 125°-130° (Wdhler, A. 41, 
155). Mol. w. 511. S. 8-5 at 12°. [a] = 3o*5°. 

Occurrence — In bitter almonds (Robiquet a. 
Boutron, A. Ch. [2] 44, 352); to a small extent 
in sweet almonds; in laurel leaves ( Cerasus 
lauro-ccrasus) ; in the leaves, blossoms, and 
bark of the birdcherry ( Prunus padus) ; in young 
shoots of the apple tree; and in the kernels of 
apples, pears, and peaches (lliegcl, A. 48, 3G1; 
Wickc, A. 79, 79 ; 81, 241; Lehmann, N. B. P. 
23, 449). 

Preparation. —The almond-cake from which 
the fatty oil of almonds has been removed by 
pressure is extracted with boiling alcohol; the 
filtrate is concentrated and tho amygdalin ppd. 
by ether. 

Properties. —White pearly scales or thin 
prisms (from water). Insol. ether. 

Beactions. —1. Under the influence of emul- 
sin or of boiling dilute II..S0 4 it is split up 
into benzoic aldehyde, prussic acid, and glucose 
(Liebig a. Wohler, A. 22,17): 

C, rt H.. ; NO n + 2II..0 = C,H„0 + CNH + 20,2,00,.— 

2. KMnO, forms cyanic and benzoic acids.— 

3. Potash or baryta form amygdalic acid.—4. 
Cone. HC1 gives mandclio acid, glucose, aud 
N1I 3 . — 5. PC1 3 gives CyCl and benzylidene 
chloride.—6. Zn and dilute hydrochloric acid 
give C h H,.CH...CH.,.NH 2 (Fileti, B. 12, 297). 

Acetyl derivative C a ,H 20 Ac,NO„. Long 
needles (from alcohol); iusol. water (Schiff; A. 
154, 338). 

Amorphous amyrjdalin lias been described 
by Wineklor (B. J. 20, 428), Neumann (B. J. 23, 
503), Simon (.4.31, 203), andLehmann ( loc. cit). 

AMYL C & H,,. Pentyl. A monovalent basyl- 
ous radicle which can occur in eight form*: 
n-amyl, (JH 3 .0H.,.CH...CH...C1L; 
iso-butyl-carbii*vl (CH^CH.CIL.CH,; 
sec-butyl carbinyl, (CIljCII(C 2 HJ.CH 2 ; 
tcrt-butyl-carbiiiyl (Cll 2 ) u C.CIT 2 ; 
methyl-?i-propyl-cftrbinyl,CH 3 .CII.>.CH 2 C(CH s )H; 
methyl-isopropy 1-carbinyl, (CH 3 ) 2 CH.C(CH S )H; 
di-ethyl-carbinyl (C 2 H ;> )..CH; 
and di-methyl-ethyl-carbinyl (CH 3 ) 2 (05H 3 )0. 
Ordinary amyl alcohol is a mixture of iso-butyl- 
carbinol and sec-butyl carbinol, and it is from 
this mixture that most of the amyl compound* 
have been prepared. The term ‘iso-amyl' com¬ 
pounds will, for tho sake of brevity, be used in 
this dictionary to denote the mixture of amyl 
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compounds prepared from this eource. Inasmuch 
as th« proportion ol the two constituents of 
‘ isoamyl ’ alcohol varies with its source, ‘ iso¬ 
amyl ’ compounds prepared by different chemists 
can hardly be expected to possess identical 
physioal characters. Amyl derivatives of hy- 
droxylio carbon compounds are described under. 
the compounds of which they are the ethers. 
Bi-amyl (C,H„), or 0 le H„ v. Decane. 
AMYL-ACETYLENE «. IM-tinene. 

AMYL ALDEHYDE v. Valekic aldehyde. 
AMYL ACETATES C,H,,0,.' Pentyl acetates. 
Mol. w. 130. 

Preparation. — Similar to that of ethyl 
acetate, p. 14. 

n-Amyl acetate. (147'G°) (Gartenmeister, 
A. 233, 260); (148-4°) at 737 mm. (Liebcn a. 
Eossi, A. 150, 74). S.G. jj -8048 ; B -8774 (G.). 
C.E. (0°-10°) -00106 (G.). S.V. 173-8 (G.). 
Prepared from M-amyl iodide and silver acetate. 

Iso-amyl acetate. (137-6°) at 745 mm.; 
(188-9°) (It. Schiff, A. 220,110). S.G. y -8762 
<Mendel6eff, J. 1800, 7); ¥ -8501 (Briihl). 
fts 1-4088 (B.). It® 59-7 (B.) S.V. 174-0 (S.). 
Is largely used as a flavouring agent to imitate 
jargonelle pears. 

Methyl-propyl-carbinyl acetate. (133°_135°) 
(Wurtz, A. 148, 132); (134 8 -137°) (Sohorlem- 
mer, A. 161, 209). S.G. s -922 (W.). 

Methyl-isopropyl-carbinyl acetate. (125°) 
(Wurtz, A. 129, 307). 

Di-ethyl-carbinyl acetate. (132°) at 741mm. 
S.G. 2 -909 (Wagner a. Saytzeff, A. 175, 300). 

Tert-amyl acetate. (124°) at 750 mm. 
S.G. - -891 (Flawitzky, A. 179, 348). Decom¬ 
posed by heat into amylcne and acetic acid 
(Menschutkin, G. It. 95, 618). 

AMYL ALCOHOLS CJI,,0. Mol. w. 88. 
Theory indicates 8 amyl alcohols ( v . Amyl), viz.; 

4 primary, 3 secondary, and 1 tertiary. One of 
these, tert-butyl carbinol, is unknown. 

n-Amyl alcohol CII 3 .CH 2 .CII 2 .CH 2 .CII 2 .OH. 
(137°) at 740 mm. (Liebcn a. Rossi, C. It. 71, 
370); (137-9° i. V.) (Zander, A. 224, 81). 
S.G. g -8282 (Z.). C.E. (0°-10°) -00091 (Z.) 
S.V. 123-4 (Z.). 

Occurrence. —In fusel oil (Wyschncgradsky, 
A. 190, 350). 

Formation. —1. From n-valeric aldehyde and 
Sodium amalgam (L. a. It.).—2. From »-amyl 
chloride (Schorlcmmcr, A. 161, 208). 

Inactive amyl alcohol 

(CH 3 ) 2 CH.CH 2 .CH.OH. (130-5°-131-2°) (Lacho- 
wicz, A. 220, 171); (131-5° cor.) (Perkin). 
'S.G. « -8135 ; §5 -8078 (P.). M.M. 5-959 at 
18-6° (P.), Fusei oil is a mixture of active and 
Inactive amyl alcohol; they can be more or 
less separated either by passing HC1 into the 
boiling alcohol, when the inactive alcohol is 
converted into amyl chloride more readily than 
its isomeride (Le Hoi,C. It. 77,1021) -, or by means 
fit the barium salts of the two amyl-sulphuric 
acids, CJI (1 SO,II, the active salt being the 
more soluble in water (Pasteur, C. B. 41, 296). 
The simplest way to obtain an inactive amyl 
alcohol is carefully to fractionate fusel oil (h.). 
The same alcohol can bo prepared from iso -1 
butyl alcohol by converting it first into valeric I 
kola (Balbiano, G. 6, 229). / 

bo-amyl alcohol. 

mixture <rf (0iy ! CH.0H J .0H > 0H ana| 


(CHj)OH(0 2 H,).OHjOH. Fermentation amyl 
alcohol. Fusel oil. [o.—134°] (Olszewski, 
M. 6, 128). (130'5°-131°) (B. Sohiff, A. 220, 
102). S.G. f -8104 (Briihl, A. 203, 23). S.H. 
•679 (Diaconoff, Bl. [2] 38, 172). Latent heat 
of vaporisation 123-8 (D.). S. 2-5 at 16°. 
H.F.p. 74,890 (Thomsen). H.F.v. 71,700 (T.). 
He 1-4124. R* 43-08. S.V. 122-7 (S.). Critical 
temperature 307° (Pawlewski, B. 16, 2634). 

Occurrence.— Formed in small quantity in 
the alcoholio fermentation of saccharine liquids. 
Isoamyl angelate and isoamyl tiglato occur in 
Roman oil of chamomile (Kobig, A. 195 99). 

Properties. —Poisonous liquid with powerful 
odour. Its detection in alcohol is described on 
p. 96. It burns with smoky flame. 

Decomposition.— 1. Its vapour led through a 
red-hot tube produces acetylene, ethylene, propy¬ 
lene, and butylene (Wurtz, A. 101, 212).—2. 
S.CL gives amyl chlorido and amyl sulphite 
(Carina a. Fries, A. 109,1).—3. PCI, and PCI, 
form amyl chloride.—4. Potash-lime at 220° 
gives hydrogen and potassic valerate.—5. ZnCl, 
produces amylcne (q.v.). Hot If .SO, and P.,0, 
act similarly.—6. Poured upon bleaching powder, 
it reacts in loss than an hour; the distillate 
decomposes with evolution of CL and IICI, and 
then contains amyl alcohol, valeric aldehyde, 
and amyl valerate (Goldberg, J.pr. [2] 24,116). 

Compounds. —(C,H l2 0) 2 SnCl,. Deliquescent 
crystalline plates, decomposed by water (Bauer 
a. Klein, A. 147, 219).—C,II, 2 0,SbCl i .-Crystal- 
line.—(C s II, 2 0)jCaCi 2 (Heindf, M. 2, 209). 

Sodic amylate, C s TI n Na0,2CJI l2 0 (Froh- 
lich, A. 202, 295). At 165° it combines with 
CO forming sodic isovalerato and the sodium 
salt of an acid C ]0 H 1B O r CO passed over a mix¬ 
ture of NaOC a H u and NaOAo ait 180° produces 
sodic formate and the sodium salts of a variety 
of acids, the principal being iso-heptoio acid 
(q. v.) formed by substitution of H of acetic acid 
by C s Il n . Another product is oxy-vinyl-hcptoio 
or oxy-ennenoio acid ({. v.). An acid crystallising 
in needles C,,H ls O, [139°J is also formed; its 
empirical formula is that ol di-acetyl-heptoio 
acid (Poctscli, A. 218, 5G). 

Potassitim amylate C 5 H,,0K. Whito 
silky crystals (do Forcrand, C. It. 104, G8). 

Thallium amylate C s H„OTl. S.G. 2-5. 
An oil obtained by heating thallium ethylate 
with amyl alcohol. 

Aluminium amylate A^OCjH,,),. [70°]. 
S.G.4 -9804. Formed by action of All, and 
iodine (Gladstone a. Tribe, C. J. 39, 7; «. 
Aluminium Iodide, p. 148). 

Active amyl alcohol CEtMeH.CH 2 OH. (128°) 
(Pedler, A. 147, 243); (127°-128°) (Just, A. 220, 
149). a u -2-3° (J.); -4-4° (Le Bel; Pierre a. 
Puehot). 

Occurrence.— In fermentation amyl alcohol, 
which is thus sendered more or less lievorotatory. 

Preparation— Described under inactive amyl 
alcohol. 

Properties. —In a sample for which a was 
only -1-14°. Perkin (C. J. 45,470) found S.G. 
>-? -8150; || -8091; and M.M. 5-94 at 20°. A rota¬ 
tion otmorejhim 4-4° to the left (in a tube 100 
mm. long) has been observed by Lor (*-11-5°), 
and by I’odlcr (—8-6°). 

Beactions. —1. A dilute solution mixed with 

yeast, ponioUUum glattcum, and a little B^S0 4 
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becomes dextrorotatory. The new dextro¬ 
rotatory amyl alcohol forms a laavorotatory 
iodide (Le Bel, Bl. 81,104).—2. On oxidation it 
yields a dextrorotatory valeric acid, boiling at 
170° (Pedler).—3. Hot NaOH renders it inactive. 

References. —Pasteur, C. R. 41, 2%; A. 96, 
255; Popoff, B. 6,560; Ley,£. 6, 1302; Erlen- 
meyer a. Hell, A. 100, 257; Pierre a. Puchot, 
C. R. 76, 1332; Bakhoven, J. pr. [2] 8, 272; 
Le Bel, B. 6, 70; 9, 358, 732; C. li. 82, 562; 
Bl. 26, 545; Pedler, A. 147, 243; Chapman a. 
Smith, Pr. 17, 308. 

Methyl-n-propyl-carbinol Pr.CMeH.OII 
(119°). S.G. e-824. S. 13-7. 

Formation— 1. From its iodide.—2. By re¬ 
ducing methyl propyl ketone with sodium- 
amalgam (Belohoubck, B. 9, 924). So prepared 
it is inactive, but if it be dissolved in 20 pts. 
water and penicillium glaucum bo introduced, it 
becomes Irevorotatory (a —5*5°) (LoBel, C. R. 89, 
312).—3. From acetyl chloride and zinc propyl 
(Markownikoff, Bl. [2] 41, 259). 

Reactions. —1. Oxidation gives methyl propyl 
ketone.—2. Gives the iodoform reaction. 

Methyl-isopropyl-carbinol. I'r.CMeH.OH. 
(113°). S.G. 2 *833 (Wischnegradsky,d. 190,338). 

Formation.— 1. From methyl isopropyl ke¬ 
tone with sodium-amalgam (Munch, A. 180, 
339).—2. By adding water to the product of the 
action of zinc methide on bromo-acetyl bromide 
(Winogradoli, A. 191, 125), or chloro-acotyl 
chloride (Bogomoletz, A. 209,86; Bl.[ 2] 34,330). 

Reactions. —1. Cone. ILSC^ forms tri-mcthyl- 
etliylene, Me a C;CMeH, which may be converted 
by warm cone. HI into the iodide of tertiary 
amyl alcohol.—2. Oxidation gives methyl iso¬ 
propyl ketone, acetone, acetic acid, and C0 2 .— 
3. PCl 4 forms a chloride (87°). 

Di-ethyl carbinol Et/JH.OFI. (117°). S.G." 
•832. Formed by adding water to the product of 
the action of zinc ethide on ethyl formate 
(Wagner a. Saytzeff, A. 175, 351). The first 
reaction may be written HCO.OEt + 2ZnEt..= 
HCEt(OZnEt)Et + ZnEt(OEt). Water then dis¬ 
places OZnEt by OH. It gives di-cthyl ketone 
on oxidation. 

Tertiary amyl alcohol Et.CMn 2 .OH. 
Di-methyl-cthyl-carbinol. Amijlene hydrate. 
[—12°]. (102° cor.) (Perkin, C. J. 45, 471). 

S.G. if -8144; |f -8070 (P.). M.M. 5-99 at 
19°. H.F.p. 84,510. H.F.v. 81,320 (27*.). 
S.V. 121-3 (K. Schiif, A. 220, 102). 

Formation. —1. From tertiary amyl iodide 
(q. t>.).—2. From zinc methide and propionyl 
chloride (Popoff, A. 115, 292; Jermolajeff, Z. 
1871, 275 ; Wysclinegradsky, A. 190, 330). 

Preparation. — Amylone (1 vol.), prepared 
from ordinary amyl alcohol, is shaken with an 
ice-cold mixture of water (1 vol.) and H 2 S0 4 
(1 vol.). 

Reactions.— 1. On oxidation it gives riso to 
acetone and aoetio acid.—2. When introduced 
into the stomach (of a rabbit) it is excreted as a 
glycuronate, C n II 20 O 7 , which is split up by acids 
into the alcohol and glycuronic acid (Thierfelder 
a. Mering, II. 9, 515).—3. Slowly decomposed 
by heat at 22J0° into U 3 0 and amylene f this de¬ 
composition does not take place unless traces 
of HOI or HI aze present (Wolkoff a. Bougaieff, 
J. R. 1885, 276). 


AMYUMINES O s H lt N. 

Normal Amylamine 
GH a .CH 2 .CH 2 .CH 2 .CH 2 .NH 3 (103°). 

Formation.— From the amide of normal hexoio 
aoid by the action of bromino and potash (Hof¬ 
mann, B. 15, 770). A mixture of 1 mol. pro¬ 
portion amido and 1 mol. bromine is run into 
excess cf 10 p.c. solution of potash at C0°. 

Amylamineb from Amyl Alcohol of Fer¬ 
mentation ;— 

Ordinary Amylamine* 

(CII 3 )...CH.CH.,.CIP..NH 2 (95°-9G°). S.G. 13*7503. 
S.V. 126-84 (Schiffj. 

Formation. —1. Amyl cyanate or oyanurate 
with potash (Wurtz, A. Oh. [3] 30, 447 ; Brazier 
and Gosslcth, A. 75, 252).—2. Dry distillation of 
animal substances (Anderson, A. 105, 335).— 
3. Dry distillation of leucine (Schwanert, A. 102, 
225). -4. Amylsulphate of potassium with alco¬ 
holic ammonia at 250° (Berthelot, A. 87, 372).— 
5. Distillation of horn with aqueous potash 
(Limpricht, A. 101, 296).—6. Caustic potash on 
llannel (Gr. Williams, Ghem. Gaz., 1858, 310).— 

7. Amide of isohexoic acid (isobutylacetamide) 
with bromine and aqueous potash (Hofmann, B. 
15, 770).—8. In the decomposition of yeast 
(Muller, J. 1857, 403). 

Preparation. —Amyl bromide is heated to 
100° with alcoholic ammonia in large excess, 
tho alcohol evaporated and tho residual hydro¬ 
bromides decomposed with potash. Tho oily 
layer which consists of mono-, di-, and some 
tri-, amylamine, is dried with caustic baryta and 
fractionated. Or, potassium amyl sulphate is 
distilled with potassium cyanate ; the resulting 
amyl cyanate and cyanurato distilled with 
strong potash; tho distillate neutralised with 
hydrio chloride, evaporated and crystallised; 
and the amylamine obtained by distilling tho 
hydrochloride with lime (Wurtz; Silva, Bl. [2] 

8, 3G3). 

Properties— Colourless liquid, miscible with 
water and alcohol. 

Reactions. —1. Oxidised by chromic acid to 
isovaleric acid (Chapman a. Thorpe, A. 142, 
177).—2. With ClC0 2 Et yields ethyl-amyl-car¬ 
bamate, CjH^NIiCOaEt (amylurethane) (Custer, 
B. 12, 1329). 

Salts.—BTIC1: scales; sol. alcohol.— 
B' 2 H 2 PtCl„: scales; sol. hot water, insol. alcohol. 
—Auroohloride: scales. 

Combination.— With carbonic disulphide it 
forms C n H'* 8 N-S-(2C :, II 1:, N + CS-) while shining 
scales, insol. water and ether, sol. alcohol 
(Hofmann, C. J. 13, 60). 

Active Amylamine.—The amylamincs ob¬ 
tained from active amyl alcohol, probably 
(C.JIJ(CH 3 )CH.CH#Oil (Erlcnmcyer; v. Amyl 
alcohols; Sauer, B. 8, 1037), are optically active, 
and their salt3 are much moro dillicult to crys¬ 
tallise than are those of the corresponding 
inactive compounds (Plimpton, C. J. 39, 332). 
Amylamine from alcohol rotating 4° for 10 cm. 
rotated 3° 30' to the left; (96°-97°) *, S.G.® £ 
•7725.— Ilydrochloride: deliquescent; fcobly 
dextrogyrate.— Platino-chloride: scales; sol. 
hot water. S. 2-4 at 14°.— Aurochloride; sol. 
alcohol; separates on slow evaporation in 
lozenge-shaped crystals with the acute angle! 
truncated. 
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Inactive AmylMnlne from Inactive amyl 
chloride. (96°-97°). S.G. 2 '7678; £? '7S01. 
—Hydrochloride: crystallises well.— Pla- 
tinochloride S. 1-7 at 14°: scales.—Attro- 
chloride: sol. aloohol; lozengo-shaped crystals 
with one acute angle truncated. 

Diamylamine (C.H..LNH. {180°-187 : ’). 
S.O.s-7825 (Silva). 

Formation. —1. From ord. amylamine and 
ord. amyl bromido (Hohpann, A.79,21).—2. From 
amyl cyanide and potash (Silva, Z. 1807, 457). 
8. From amyl bromide and alcoholic ammonia 
(Custer, B. 12, 1329; Plimpton, G. J. 39, 332; 
Bell, B. 10, 1867).—4. From amyl chloride and 
aqueous NH a at 140°-165° (Mallot, C. II. 104, 
998).—5. From the nitroso-oompound (Custer, 
B. 12,1333). 

Properties.— Oily liquid; si. sol. water. Re¬ 
acts with Cl.CO.Et yielding diamylurethauo 
(Custer). 

Salts.—B’HCl: lamina); crystallises well 
Irom hot water.—(B'EtClJ-PtCl,: sol. alcohol, si. 
sol. water. Auro-ohlorlde: sol. alcohol, insol. 
water. 

Aotive Di-amylamine. (182 0 -184°). S.G.J 
•7878. From active amyl bromido. ( V. active 
amylamine) (Plimpton, loc. cit.) Dextrorotatory 
(5° 15' for 10 cm.). 

Hydrochloride: soluble in water, alcohol, 
and ether. Much more soluble in cold water 
than the inactive salt. Solution rotates to the 
right. Platinochloride : sol. alcohol, insol. 
water. Crystallises from dilute alcohol in 
octahedrons. Aurochloride : insol. water, 
sol. alcohol. 

Inactive Di - amylamine. (180°-187°). 
S.G. J -7878 j ’* -7770. From inactive amyl 
chloride (Plimpton). 

Hydrochloride: lamina); rotates when 
thrown on the surface of water. Insol. ether.— 
Platinochloride : sol. alcohol, insol. water. 
Crystallises easily from dilute alcohol iii 
rectangular prisms. 

Triamylamine (C,n n ) :l N. (237°). From 
diamylamine and amyl bromide or from amyl 
bromide and ammonia (Hofmann, A. 79, 22). 
Amyl cyanato and potash (Silva, Z. 1867, 458). 
Oily liquid, insol. water. 

Salts. — B'HCl: crystalline mass with 
lustre of mother-of-pearl. Platinochloride: 
rhombic prisms; insol. water, sol. alcohol. 

Active Triamylamine. (230 -237°). 
S.G. *7964. Prepared from active amyl 
bromide (3°) and active diamylamine (5° 15'). 
Rotates 44° 15' to the right for 10 cm. (Plimpton, 
be. cit.). 

Hydrochloride : syrup which solidifies 
over sulphuric acid. Solution strongly dextro¬ 
gyrate. u 

Aurochloridc: needles; insol. water,sol. 
alcohol. 

Inactive Triamylamine. (237°). S.G. -788. 
?rom inactive amyl chloride and ammonia. 
ir Hydrochloride', crystallises from water 
n prismatic needles, from ether in pearly 
wales.— Aurochloride: needles; sol. alcohol, 
inactive triamylamine may bo separated from 
nactive diamylamine by treating the hydro- 
jhlorides with ether which dissolves the triamyl- 
imine salt. 
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iodide and triamylamine or amyl iodide and 

ammonia (Hofmann, O.J. 4 , 816). The mixture 
of triamylamine and amyl iodide is boiled and 
after three or four days solidifies on cooling 
into an unctuous crystalline mass. Monoolinio 
lamirne (Lang, J. 1867, 491). Dissolve* 
sparingly m water forming an extremely bitter 
solution from which it is ppd. in a crystalline 
form by alkalis. Boiled with silver oxide it 
yields a very bitter alkalino solution of 
Tetramylammonium hydroxide. On 
mixing the liquid with potash or on concentra¬ 
ting, the hydroxide separates as an oily layer, 
which gradually solidifies. By evaporating a- 
solution of the hydroxide in an atmosphere free 
from carbonic acid, crystals containing several 
molecules of water are obtained. When heated, 
these crystals melt and give off water, tri- 
amylaminc, and a hydrocarbon which is pro¬ 
bably amylcno. 

(O i H,,) < NGl: lamina? with palm-like ramifi¬ 
cations. — ((C A II„) 4 NCl) a PtCl,: orange - yellow 
needles .—SuIphatei long capillary threads.— 
Nitrate: needles. — Oxalate: large deli¬ 
quescent plates. 

Amylamine. Corresponding to methyl pro¬ 
pyl carbinol. (CH 3 )(C 3 H.)CHNH 2 . (89°-91°). 
By reduction of methyl propyl ketone phenyl 
hydrazido in alcoholic solution with sodium, 
amalgam and acetic acid (Tafel, B. 19,1924). 
Mobile liquid, smelling strongly ammoniacal, 
miscible with water, alcohol, and ether. 

Hydrochloride : silky needles. — 
Platinochloride: yellow needles; sol. water 
and hot alcohol, less so in cold alcohol.— 
Oxalate: crystallises from hot alcohol in scales. 

Tertiary amylamine. (CH,).,(C.,H,)CNH„. 
(77*o°-78°). S.G. £ -7611; -7475. Formerly 
considered to bo (CH 3 ).,CH(CH 3 )CHNH 2 on 
account of its formation from the cyanato 
corresponding to Wuvtz’s amylene hydriodide 
and amylono hydrate, then regarded as iso¬ 
propyl-methyl carbinol, and now shown to bo di¬ 
methyl-ethyl carbinol (Flavitzky, A. 179, 310). 

Formation. —1. From pseudoauivluroa and 
strong potash (Wurtz, Bl. [2] 7, 143).—2. By 
the action of dimethyl ethyl carbinol iodide on 
tho cyanides of po<assium and mercury, and 
treatment of the nitrile so obtained with hydrio 
chloride (Wyschnogradsky, A. 174, 00).—3. By 
treating the product of tho action of tho sarao 
iodide upon silver cyanato with strong hydrio 
chloride (Rudnow). 

Properties .—Odour 'unmoniacal; pps. copper 
salts but does not rcdissolvo the ppd. cuprio 
hydrate. 

Hydrochloride : efflorescent scales, or 
octahedrons, from alcohol and ether. — 
Platinochloride : fine crystals derived from 
a monoclfnic prism, easily soluble water and 
alcohol. — Aurochloride : large yellow 
crystals, monoclinic. 

Reactions. — With bromine it forms brom- 
amyl-amine C a H J2 BrN which can be distilled with 
steam (Wurtz). R. T. P. 

AMYL-ANILINE O n H 17 N i.e. 0,n v NH0 4 H n . 
(258°). Mol. w. 163. From aniline" and isoamyl 
bromide (Hofmann, C. J. 3, 297). Smells, when 
cold, like roses. When its hydrochloride iff 
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heated at 880® It ohanges to the hydrochloride 
Of amido-phenyl-pentane, C l H„.0,H l ,SHj (Hof¬ 
mann, B. 7, 589). 

Isoamyl-aniline OjHj.NHOjH,. (243°) at 
720 mm. Colourless oil. V. sol. alcohol, ether, 
and benzene, insol. water. Is a by-product of 
the action of isovaleric aldehydo and HC1 upon 
aniline. Salts.—B'HCl: colourlessprisms.v.sol. 
water. The nitrateand oxalate arc sparingly 
soluble. The picrato is a reddish-yellow oil. 

Acetyl derivative CjHj.NfCjH.JAo, 
(278°) at 720 mm., colourless fluid, v. sol. alcohol 
and ether; insol. water. 

Nitrosamine C # H s .N(C s H n )NO: oil; vola¬ 
tile with steam; v. sol. alcohol and ether, insol. 
water (Spady, B. 18, 3376). 

Di - isoamyl - aniline C a H s N(C s H n ) 2 . 
(275°-280°) (Hofmann, A. 74,150). -B',Il,PtCl a . 
Iso - AMYL - ANTHRACENE C U H 20 i.e. 

0„h/| >*H, [59°]. From amyl- 

'CH ' 

hydro-anthranol by boiling alcoholic HC1. 

Preparation. —Anthraquinone (30 g.), zinc 
dust (100 g.) NaOH (50 g.), water (150 g.) arc 
boiled together for 5 hours and then amyl 
bromide is added. The liquid is poured off, and 
the pp. dissolved in alcohol, reppd. by water, 
and boiled with alcoholic HC1 (Liebcrmann, 
A. 212, 101; B. 14, 796). 

Properties .—Long sea-grccnnccdleswith blue 
fluorescence (from alcohol). Cone. IPSO, gives a 
green solution. V. sol. ben'zone, CS 2 , chloroform, 
or benzoline. Picrate forms rod needles 
[116°], Cr0 3 in IIOAc gives amyl-oxanthranol. 
Forms a bromo compound 

C « H KcBr iH “ ) >. C * H *- [78 ° ] - K ° rate C11 °° ] - 

Forms also a corresponding chloro-deriva- 
tive [71°]. l’icrate [108°). 

Iso-Amyl-anthracene-di-hydride 

C„H a i.e. (350°) ; 

(292°) at 670 mm. S.G. (*-1-031. Prepared by 
reduction of amyl-oxantliranol with P and HI 
(Liebermann, B. 14, 457; 15, 1000; A. 212, 70). 
Clear fluorescent liquid. Miscible with alcohol, 
ether, benzene, and acetic acid, in all proportions. 
On oxidation with HNO, anthraquinone iB 
formed. 

Iso-AMYL ARSENATE (CjHJjAsO, (Crafts, 
Bl. 14,101). 

Jso-AMYL ARSENITE (0 4 H 11 ) J As0 3 . (288°) 
(Crafts, Bl 14,105). 

n-AMYL-BENZENE. Phenyl-pentane. C„H„ 
i.e. I'h.C1I,.ClIj.Cltj.OHj.ClI.,. Mol. w. 148. 
(201° uncor.) at 743 mm. S.G. -8602. From 
benzyl bromide, n-butyl bromide, and sodium 
(Schramm, A. 218, 388). Pleasant smelling oil. 

Reaction. — Bromine vapour at 150° gives 
►Ph.CHBr.CHj.CHj.CHj.CH, (?) •which on 
distillation gives Ph.CH;OH.CHj.CH .CII, 
(210°-215°) which combines with Ur, forming 
Ph.CHBr.CHBr.CHj.CHj.CH,. [54°]. 

Isoamyl-bonzene (193°) at 736 mm. S.G. ! -2 
•859. From bromo-honzene, isoamyl bromide, 
and Na (Fittig a. Tollens, A. 129,.369; 131, 
813; Bigolf a. Fittig, A. 141, 160; Schramm, 
A. 218, 890). Also from isoamyl ohlorido, bon- 
zene, and AIC1, (Friedel a. Crafts, A. Oh. [6] 
1,454). 

Von. I. 


Reaction.—Bromin* vapour at 150° give* 
“Ph.CKBr.CHrCHfCH.Jjt?) which on distillation 
gives HBr and Ph.CH;CH.OH(CHj)„ phenyl- 
isoamylene, which forms a dibromide [129°). 

Di-ethyl-oarbinyl-benzene Ph.CHEtj. (178°). 
S.G. -873. 

Formation.— 1. From benzylidene chloride 
and zinc ethide (Lippmann a. Luginin, Z. 
1867, 674).—2. Frombcnzo-trichloride, Ph.CCl,, 
and zino ethide (Dafef t, M. 4,153, 616). 

T<?»f-amyl-benzene Ph.CMe.jEt. (o. 187°). 
S.G. 2 -874. From tert-amyl chloride, benzene, 
and AlClj (Essner, Bl. [2] 36, 212). 

Di-isoamyl-benzene C„,H. 0 i.e. (CjH n )jC a H,. 
to. 265°). S.G. 2 -887. From benzene, isoamyP 
chloride, and A1C1, (Austin, Bl. [2] 32, 12). 

AMYL-BENZENE SULPH0NIC ACIDS- 
C 11 H,jSOji.e.C 1 H,,C s n ( SOjH. 

Isoamyl-benzene Bulphonic acid. Deliques¬ 
cent crystalline mass (Fittig a. Tollens, A. 
131,315). Salts.—KA' aq.-BaA'j: hair-lilte- 
needles. 

Di-ethyl-carbinyl-benzene sulphonic acii 
CnEt.,.C.H,.SOjH. Salts.—BaAClJaq : poarly 
leaflets, si. sol. water and alcohol (Dafert, M. 

4, 017). 

p /so-AMYL-BENZOIC ACID C,jH,„Oj t.e. 
CXfCjH.J.COjH [1:4] [158°]. Formed by 
saponification of tho nitrile. Sublimes in flat 
colourless needles. Sol. alcohol, ether, and hot 
water, si. sol. cold water. Salt: AgA': small 
colourless needles, si. sol. cold water (Kroysler, 
B. 18,1710). 

p-Iso -AMYL-BENZONITRILE 

C a H 4 (CJI n ).CN (2G0°-2G3° uncon-.). Colourless 
oil. Formed by healing tri-isuamylphenyl- 
phosphate with dry KCN; yield —20 p.o. (Kroys¬ 
ler, B. 18,1709). 

Iso - AMYL BOEATE C.JIjjBO, 4 a 
(C.H„0),B. (254°). S.G. 2 -872. 

Iso-amyl borate (C.,TI„0)B0. S.G. 2-971. Oil. 
71-AMYL BROMIDE C s H„Br i.e. 
Cn,Cn.j.CH...CHj.CHjBr. Mol. w. 151. (129°). 

5. G. 2 1-246. From n-amyl alcohol (Liobon a. 
Eossi, A. 159, 73). 

Inactive amylbromide (Cn,).,CH.CH,.CH,Br 
(120-6° i. V.) at 734 mm. S.G. 1-026 (Laeho- 
wicz, A. 220,171). 

Isoamyl bromide (118-5°) at 756 mm. (R. 
Schiff, B. 19, 563). II.F.p. 34,000 (Bertholot). 
S.V. 138-6 (S.); 143-8 (Ramsay). For a speci¬ 
men which rotated + -52° in 100 mm. Perkin 
(O. J. 45, 458) found: (120-5° cor.); S.G. if 
1-2193; p 1-2083; M.M. 9 01 at 17°. 

Active amyl bromide (117°-120’); S.G. U 
1-225 (Le Bel, Bl. [2] 25,645). Dextrorotatory; 
a= +3-75°. 

7t-S<!c-amylbromidoCH,.CH.j.CHj.CHBr.CH 1 . 
(113°) (Wnrtz, A. 125, 118). Formed when 
isoamyl bromide is heated at 230° (Eltekow, B. 
8,1244). 

Iso-sec-amyl bromide (CHJj.CH.CHBr.CHp 
(116°) (Wyschnegradsky, A. 190, 357). 

Tert-amyl bromideCII 3 .CH.,.CBr(CHj)j.(108°). 
AMYL-BR0M0- v. Bkomo-autl. 
Iso-AMYL-CARBAMIC ETHER C,H„NOj iA. 
C s H n NHCO.jEt. Amyl-urethane. (218°). S.G. 
•93. From isoamyl-amine and ClCOjlit (Ouster, 
B. 12, 1323). Oil; sol. alcohol and ether. 

Di-isoamyl-carbamic ether (C,H,,)jN.C0jEt. 
(247°). From di-isoamyl-amine and ClCOjEt(C.), 
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IjoAMYL CARBAHINE 0,H„N i.». 0,H n N0. 
(187°). Mol. w. 97 (Hofmann, A. 146,109). 

Iso-AMYL CARBONATE 0,^0, i.e. 
(0,H„)jCO s (229° cor.). S.G. « -91. 

Iso-AMYL CETYL OXIDE Cj,H„0 U. 
0,H„00, b H„. [30°]. Plates. 

n-AMYL CHLORIDE CjH„Cl i.e. 
OH 1 .CH 2 .CH 2 .CH. i .CH 2 Cl. Mol. w. 106-5. (106°). 
S.G. 42 - 873 (Lachowioz, A. 220, 191); '883 
(L. a. B.). Formed from ii-amyl alcohol (Lieben 
a. Eossi, A. 169, 72; (!. 1, 31^) or by tho chlori¬ 
nation o£ n-pcntane (Schorlemmer, A. 161,268). 

Inactive amyl chloride (CH 3 ) 2 CH.0H. r CH,,Cl. 
(99'8°--100-5°). S.G. 22 -870. From iso-pentane 
(Lachowitz). 

Iso-amyl chloride (99'5°) (R. Schiff, B. 19, 
662). S.V. 134-1 (S.); 136-5 (Ramsay). In a 
specimen which rotated +5-8° in 100 mm. 
Perkin (C. J. 45,452) found: (97°-99° cor.); S.G. 
$ -8801; '8716; M.M. 7;17 at 19-5°. 

Formation. —1. From isoamyl alcohol and 
HC1 (Balard, A. Ch. [3] 12, 294), S 2 C1, (Carius a. 
Fries, A. 109,1), or PC1 S (Cahours, A. 37, 164). 

Reactions. —1. Converted into amyl alcohol 
by water at 100° (Butlerov, A. 144, 34), or better 
at 120° (Niederist, A. 186, 392).—2. H 2 SO, 
forms HC1 and 0,H,,SO,H (Oppeniicim, J. j or. 
102, 339). 

Active amyl chloride 

CH,.CH-.CH(CH S ).CH 2 C1. (99°). «-+l'24°. 

B.G. ^ -886 (Lo Bel, Bl. [2] 25, 546). 

n-Scc-amyl chloride CH J .CH 2 .CH..CHC1.CH J . 
(104°). S.G. 11 -891. From n-pentane by chlori¬ 
nation (Schorlemmer; Lachowioz). From 
CHj.CH.,.CH:Cn.CH, and HC1 (Wagner a. Sayt- 
teff, 4.179, 321). 

Iso-sec-amyl chloride (CH,) 2 CH.CHC1.CH,. 
(91°). S.G. 2 -88. From (CHj) 2 CH.CH:CH 2 and 
HC1 (Berthelot, G. R. 56, 700; Wurtz, A. 129, 
368 ; Wyschnegradsky, A. 190,357). 

s-Scc-amyl chloride Et s CHCl. (103°-105 J ). 
S.G. -895. From the alcohol (W. a. S.). 

Terf-amyl chloride EtCMe.,01. (86°). S.G. 13 
•870. By action of PCI, on tort-amyl alcohol 
.or on methyl-isopropyl-carbinol (Wyschnegrad- 
eky, A. 190,336; 191,331). 

AHYL-CHLOBO- v. Ciiloro-amvl. 


Iso - AMYL CYABATE C,H„NO i.e. 
QHyN.CO. (135°). Prepared by distilling 
amyl-carbamio ether with P. 2 0, (Custer. IS. 
12, 1330), or from C s H„SO,K and potassium 
eyanate (Wurtz, A. Ch. [3] 42, 43). With 
ammonia it yields amyl-urea, and with potash it 
.yields amylaminc. 

AMYL CYANIDE v. Amyl Cabbamine and 
nitrile of Hexoio Acid. 

AMYLENE C,H 10 . Pentene. Mol. w. 70. 

n-Propyl-ethyleue CHj.CH 2 .CH 2 .CH:CH 2 . 
(40°). 

Formation— 1. Together with amyl acetate 
when KOAc and Ao 2 0 act on n-amyl ohloride at 
200° (Schorlemmer, A. 161, 269).—2. Together 
\dith di-allyl (principal product), pentane, and 
other bodies, in the action of zinc ethide on aliyl 
iodide (Wurtz, A. 123, 203; 127, 55; 148,131). 

Properties. —Liquid; insol. H,SO, (2 vols.) 
dilated with water (1 vol.). 

Reactions.— 1. Gives Pr.CHI.Me with HI.— 
2. Alkaline KMnO, gives succinio, butyric, 
oxalio, and formio acids (Zoidler, A. 197.253). 


Isopropyl-ethyiene (CH,)«CH.CH:CH 2 . (21°). 
Formed together with EtCMeiCHj by action of 
alcoholio KOH on isoamyl iodide (WysohnS- 
gradsky, B. 10,81; A. 190, 328). 

Properties. —Liquid; insol. at 0° in H a SO, 
(2 vols.) mixed with water (1 vol.). 

Reactions— Does not oombino with HI at 
— 20°, but at 20° it combines slowly forming 
(CHJ.CII.GHI.CH,. 

s-Mothyl-ethyl-ethylene CH 3 .CH:CH.Et. 

(36°). 

Formation. —1. From CH 3 .CH 2 .CHI.CH,.CH, 
(Wagner a. SaytzetT, A. 175, 373; 179, 302), or 
CHj.CHLCHj.CHj.CH, (Wurtz), and an alcoholio 
solution of KOH.—2. From cthyl-crotonio aoid, 
CII,.CH:CEt.C0 2 H, by combining it with HBr 
and neutralising the resulting 0-bromo-di- 
cthyl-acetio acid: CH 3 .CHBr.CEtII.C0. 2 Na«> 
NaBr + C0 2 + CII ; ,.CH;CEtH (Fittig, A. 200, 27). 

Reaction .—III forms CHj.CHI.CH-.CHj.CHj. 

a-Methyl-ethyl-ethylene Et.C(CHj):CH 2 . 
(32°). S.G. 2 -670. From active amyl iodide 
and alcoholic KOII (Lo Bol, Bl. [2] 25, 546). 

Properties. —Liquid; dissolves in H 2 S0 4 
(2 vols.) diluted with water (1 vol.). 

Reactions .—III forms CiIj.CH.,.CI(CHj).CHj. 

Tri-methyl-ethylene (CH,)..C:CH.CH S . (36°). 
S.G. 1? -6704; 35 -6614. M.M. 6-121 at 13-2° 
(Perkin, C. J. 45) 448). 

Formation. —1. From CH,.CH 2 .CI(CH S ), 
(Ermolajcff, Z. [2] 6,275) or CHj.CHI.CH(CII,), 
(Wy.) and alcoholic KOH.—2. From ethyl 
isoamyl oxide and P. 2 O s (Flavitzky, A. 109, 206). 

Properties. —Liquid; soluble at 0° in H 2 SO, 
(2 vols.) diluted with water (1 vol.) 

Reaction .—HI forms (CHj) 2 CI.CH,.CH,. 

Iso-amylene. (36 s ). S.G. -661; "648. 

H.F.p. 10,600 (Berthelot); 18,970 (Th.). H.F.V. 
16,650 (Th.). V.D. 2-47 (for 2-12). S.V. 110 
(E. Schifl, A. 220, 89); 110-8 (Ramsay). 

Up 1-3813. Rjo 39-29 (Briihl). A mixture of tri- 
mcthyl-ethyleno (90 p.e.) and a-methyl-ethyl 
ethylcno (10 p.c.) with a small quantity of 
isopropyl-ethylene (Flavitzky, A. 179, 310). 

Preparation .—From isoamyl alcohol and 
ZnClj, many other hydrocarbons being also 
formed (Etard, G. R. 86, 488 ; Wyschnegradsky, 
C. R. 80, 973). 

Properties .—Absorbed at 0° by H 2 SO, (2 vols.) 
diluted with water (1 vol.), with production of 
tertiary amyl alcohol. A more dilute aoid (2 
pts. H-SOj to 1 ft. water by weight) forms 
methyl-isopropyl-carbinol (OssipofF, 13. 8, 542, 
1240).—NOC1 forms a compound C s H l0 NOCl 
which may be reduced to amylamino (Tonnies, 
B. 12, 169).—3. C,H„|K 2 PtCl, aq i3 formed by 
boiling isoamyl alcohol with PtCl, and then 
adding KC1 (Bimbaum, A. 145, 73); deliquescent 
plates. 

Other References .—Balard, A.Ch. [3] 12,320; 
Frankland, C. J. 3, 35 ; Bauer, Sits. B. 44 [2] 
87 ; Z. 1866, 380, 667 ; Bauer a. Klein, Z. [2] 4 , 
386; Guthrie, A. 121, 108; Lippmann, A. 129, 
81; M. 5,559; Eltekoff, B. 6, 1258; Linnemann, 
A. 143, 350; Bull, A. Suppl. 4, 143; 148, 349; 
Thorpe a. Young, A. 165, 7 ; Flavitzky, A. 165, 
157; Le Bel, Bl. 17,3; 18, 186; Berthelot, 
A. Ch. [4] 9,442; G. R. 44,1350; Eenard, A. Ch. 
[6] 1, 227; Markownikofl, Z. [2] 2, 502. 

, Oxidation of amylenes.— Examined by Zeid- 
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lei, A. 186, 245; 197, 958 ; Truohot, 0. B. 63, 
374; Berthelot, 0. B. 64, 86. 

Di-amylexe C I0 H„. (156°). S.G. ¥ *780. 
Ba, 76-58 (Nasini a. Bemheimer, O. 15, 93). 

B. V. 211-18. Occurs in the product of action of 
ZnCl„ HjS0„ or P,0 5 , on isoamyl alcohol; and 
is also formed by shaking amylene with H 2 S0 4 . 

Reactions— 1. Bromine forms C l0 H M Br : .— 
2. Chromic acid mixture produces amethenie 
acid C,H, 4 0 2 (Schneider, A. 157, 213; Pawlow, 
J. R. 9, 75). 

Combinations.— C| 0 H.,„S 2 C1.,; from amylene 
and S a Clj (Guthrie, C. j. 12, 112; 13, 35; 14, 
128). Distilled over KOH it forms CuII^S.,, 
(112°), S.G. M -880. ZnEt, gives C 14 H s „S 2 
(240°-250 c> ). 

References. —Balard, A. Ch. [3] 12, 320; 
Bauer, Bl. 1863, 332 ; 1867, 841; Berthelot, C. R. 
66,1242; Walz, Z. (2) 4,315 ; W. v. Schneider, 
A. 157, 185; Wyschnegradsky, B. 8, 434 ; Lebe- 
deff, J. R. 7, 246 ; Tugolessoii, B. 12, I486. 

Triamylene C [V H,„. (248°). S.G. -81. V.D. 7'6 
(for 7-4). Among products of action of 
ZnCl 2 on isoamyl alcohol (Bauer, Sits. B. 44 
[2J 87; A. 137, 249; 147, 254). Forms a bro¬ 
mide, CuHjjBr., converted by alcoholio KOH 
into benylonc, C,.,H 2 „ (223°- 228°). 

Tetra-amylene C, 0 II <0 . (390°-400°). S.G. 2 
•871. Among products of action of ZnCl. 4 on 
iBoamyl alcohol (Balard; Bauer). 

AMYLENE DI-ACETIN v. dt-OxY-PENTANE. 

AMYLENE BENZOATE v. (M-Oxy-pentane. 

AMYLENE BROMIDE v. (K-Bromo-pkopank. 

AMYLENE TRI-CARBOXYLIC ACID 

C, H,„0„ i.e. Ca,:CH.CH 2 .C(CO,H),.CH 2 .C0 2 H. 

Ether. —Et a A'". [151°]. Obtained by intro¬ 
ducing allyl into ethane tri-carboxylio acid 
(Iljelt, B. 16, 33$). At 160° it splits up into 
CO, and allyl-succinic acid (q. v.). 

AMYLENE CHLOKHYDRIN v. CilLono- 


AUVL ALCOHOL. 

AMYLENE CHLORIDE v. di-CnLono-PENTANE. 
AMYLENE - CHLORO ■ SULPHIDE v. di- 
Amylenk, Combinations. 

AMYLENE IS-ETHIONIC ACID v. Oxv- 


PENTANE SCLPnOHIO ACID. 

AMYLENE QLYCOL v. di- Oxv-pentane. 
AMYLENE GUANAMINE C,H, 5 N S . [178°]. 
Formed by heating guanidine caproate (hexoate) 
at 226° (Bandrowaki, B. 9, 243). Crystals ; v. si. 
sol. water, v. sol. alcohol. Salt.—B'HCl. 
AMYLENE HYDRATE. Tertiary Amyl 

ALCOHOL (j. «.). 

AMYLENE HYDRIDE. Pentane (q. v.). 
AMYLENE HYDROCHLORIDE. Amyl 


CHLORIDE (q. ».). 

AMYLENE NITRITE C s H 10 N 2 O 4 i.e. 
O,H 10 (NO,) 2 . From amylene by treatment with 
NO, or fuming HNO, (Guthrie, 0. J. 13,45,129). 
Tables -, decomposed at 95°. 6 

AMYLENE OXIDE C s H, 0 O. 

Isopropyl-ethylene oxide Pr.CII^ | 

(82°). By action of potash on chloro-amyl alco¬ 
hol, Pr.OHCl.CHjOH or 3?rCH((jH).CH.,Cl 
(Eltekofl, Bl. (2) 40, 23 ; J. R. 14, 355). Heated 
with water for 60 hours at 100° it forms 
Pr.CH(OH).CH,OH. Does not combine with 
NaHSO r 


yO 

Tri-methyl-ethylene oxide Me,CK I 

(76°). S.G. 2 -829. 'CHMe 

Preparation—By aotion of potash on the 
chloro-amyl alcohol obtained by the union of 
Me 2 C:CHMe with HC10 (E.). 

Properties. — Liquid ; readily unites with 
cold water to form di-oxy-pentane. Does not 
combine with NallSO,. 


Methyl-ethyl-echylene oxide MeCH 


< 


CHEt 


(80°). Prepared by action of potash on the 
chloro-amyl alcohol resulting from union of 
Me.CH:CIIEt with IICIO (TO.). Unites at 100“ 
with water forming MeCHfOH).CHEt(OH). 


Di-amyleneoxide C|„H ;0 O. (170“-180°). From 
di-acetyl-di-oxY-DECANE (q. v.) (<li-amylene di, 
aeetin) and solid KOH (Bauer, Site. B. 45, 276) 
Oil. Keduocs ammoniacal AgN0 3 . 


Di-amylene oxide (198°-203°). V.D. 5-3 
(for 5-4). Obtained as an oil by the action of 
potash on a mixture of amylene and Bz,0, that 
has been heated at 110° (Lippmann, M. 5, 562). 
Does not reduce ammoniacal AgN'O, or combine 
with NaHSOj. 

Di-amylene oxide (180°-190°). From di, 
amylene and chromic mixturo (Schneider, A. 
157, 221). Reduces ammoniacal AgNO,. Oxi. 
dised to amcthenic acid, C,H, t O.,. 

Di-amylene oxide (193°). From di-amylene 
bromido (». (Ji-Buomo-decane), water, and PbO 
(Eltekoff, J. 1878, 374). 

Two or more of the preceding di-amylene 
oxides may bo identical. 

AMYLENE SULPHIDE C s H,„S. (c. 200°). 
S.G. is -907. Formed by boiling O ]0 H. a SjCl t 
(t>. Diamylene) with zino (Guthrie, C . J . 14, 
128). Colourless oil. 

Amylene sulphide (?) C s H„S. (130“-160°). 
V.D. 3-2 (cale. 3-5). Formed by action of acids 
or of heat upon the product of the union of 
ZnEt 2 and CS, (Grabowsky, A. 138,165). Aloo- 
holic HgCl, forms plates of C,,H, 0 S HgSHgCl,; 
alcoholic AgNOj forms C s H l0 OAg,OAgNO,. 

AMYL ENNONYL KETONE (?) 0,^,0 U. 
Et 2 CH.CO.C,H 4 (OjH,), (?). (280°-300°). One 

of the products got by passing CO over a 
mixture of NaOEt and NaOAc at 250° (Geuthep 
a. Frohlicli, A. 292, 312). 

AMYL ENNYL KETONE 0,,H„0 i.e. 
C 4 H„.CO.C,H 1 „ (?). Amyl - valerone. (209°). 
S.G. — -845. One of the products of the passage 
of CO over sodium iso-amylate at 100° (Geuthep 
a. Frohlieh, A. 202, 301). Liquid; smells like 
quinces. Does not combine with NaHSO,. 

AMYL ETHER v. Amyl oxide. 

AMYL FLUORIDE «C S H„F. (72“-92°). A 
mixture of amyl fluoride and polymorides of 
amylene is formed by saturating amylene at 0* 
with HF (S. Young, O. J. 39,489). • 

AMYL-GLYOXALINE C,H 14 N, i.e. 
CH-^Qg jj^-C.CjH,, (?). Qlyoxal-ananthyline. 

(84°). From oenanthol-ammonia and glyoxel 
(Radziszewski, B. 16, 748). Thin glistening 
needles. Sol. alcohol, si. sol. ether, insol. 
water. 

s r» 
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Lto-amyl-glyoiallne C,H i4 N, It. 

Cn^CH - N^ CH <*)• ( 210 °- 2 45 o ). 

8.0. u - 94. From glyoxaline and amyl bromide 
(Wallaoh, A. 214, 322; B. 15, 651). Liquid; 
V. si. sol. water, sol. even in vory dilute alcohol. 

Salt.—B'jHjPtCl,: plates (from atcoholio 
HOI); v. si. sol. cold water or cold alcohol. 

Iso-AMYL HEPTYL OXIDE 0,^0 i.e. 
C 5 H,,.O.C,H ls . Amyl-ananthyl ether. (221°). 
S.G. *3 -668. V.D. 6-57 (cr.lc. 6-45). From 
sodium heptylate and isoamyl iodide (Wills, 
0. J. 6, 310). 

(Py. 2:3)-AMYL-HEXYL-QUIN0LINE 
-CH:C(C s H n ) 

CmH^N i.e. C,H t < | . (320°-360°). 

\N : C(C„H, 3 ) 

Oily fluid. Formed by the action of mnanthic 
aldehyde and HC1 upon aniline (Docbner a. 
Miller, B. 17, 1719). 

Salts.—B jHjCljPtCl,: large yellow plates. 
—B'CjH 2 (NO.i) 3 OH : yellow needles; si. sol. 
water and cold alcohol. 

AMYL HYDRIDE v. Pentane. 
Zso-AMYL-HYDRO-ANTHRANOL C.Jl^O or 

c . h .<Ch ; H " )(Q1I) > c J 1 .. [74=]. Formed, as 
a by-product in the treatment of anthraqui- 
none with zinc-dust and amyl bromide (Lieber- 
mann a. Tobias, B. 14, 801; A. 212, 102). 
Crystalline solid. Insoluble in water, extremely 
soluble in other solvents. On boiling with 
alooholic HC1 it gives amyl-anthracene. 

Iso- AMYL-HYDROOUINONE. From iso- 
amyl-arbutin and dilute H..SO,, glucose being 
also formed (Seliill a. Pellizzari, A. 221, 3GS). 
Needles. Gives a crystalline nitro-dcrivative. 

AMYLIDENE - ACETO - ACETIC ETHER 
V. p. 24. 

Iso-AMYLIDENE-m-AMIDO-BENZOIC ACID 

C, 2 H,jN0 2 i.e. Cjr., CH:N.C t II,.CO.,H. [c. 130°). 
From valeric aldehyde and m-amido-benzoic 
acid (Schiff, A. 210, 119). 

AMYLIDENE ANILINE C„H, S N i.e. 
Me. ; 0H.CH-.CH:NPh. [97°]. From valcrio 
aldehyde and aniline in the cold (Lippmann 
a. Streckcr, B. 12, 74). Prisms. — I1T1C1.— 
B'jHjI’tCl,. Valeric aldehyde and aniline at 
100° form di-amylidene-di-phenyl-diainino, a 
neutral oil, C...,H M N 2 (Schiff, B. 12, 298). 

AMYLIDENE BIURET C,H, 3 N,0 2 . From 
valeric aldehyde and cyanio acid (Baeyer, A. 
114,164). 

AMYLIDENE BROMIDE v. di-Baosio-FENT- 

ANE. 

AMYLIDENE-DI-CARBAMIC ETHER 

C n H„N 3 0 4 i.e. Mo 2 CH.CH 2 .CH(NH.C0 2 Et),. 
Amylidene urethane. [126°]. From carbamic 
ether, valeric aldehyde, and cone. HC1 (Bischoff, 
B. 7, 633). Needles. Split up by hot dilute 
acids into valeric aldehyde and carbamic ether. 
AMYLIDENE CHLORIDE v. dt-CuLono. 

Fi.tiTA.NE. 


O AMYLIDENE OLYCOL v. ortho-YiL'ERio al- 

cinvDE. 


AMXL IODIDES C,H„I. Mol. w. 198. 
n-Amyl iodide CH 2 .CH 2 .CH 2 .CH 2 .CH 2 I. 
(156° cor.) S.G. a 1 - 544 ; ><< 4 . 517 , p rom { 
•hloride and HI (Lieben a. Rossi, A. 159, 74). 

iso-amyl iodide. (148°). S.G. U 1-61 
IS 1*498. M.M. 13-20 at 19-6° (Perkin, C.J.- 


m). B.Y. Ml-08 (B.Soh», S,-19,8641. From 
isoamyl alcohol (4 pts.), iodine (5 ptsj, and P 
(Oahours, A. Oh. [2] 70, 81; Grimm, J. pr. 62, 
885). From amyl-chloride and Cal,81aq at 
100° (Van Rombnrgh, It. 1,161). Partially con¬ 
verted by heating with EtOH into Etf and 
isoamyl alcohol (Friedol a. Crafts, A . 130, 198). 

Aotive amyl iodide EtCHMe.CIU. (144°- 
145°). S.G. « 1-5425 (Just, A. 220, 152). 
a=3-76°forl00mm.atl6°(J.) ; 5-2°(LeBel, Bt. 
[2J 25, 542). From the alcohol by HI. Reduced 
in alcoholic solution by Sn and cone. HC1. to 
inactive isopentane (J.) 

u-n-Sec- amyl iodide CH 3 .CH.„CHj.CHI.CH 3 . 
(lll^-llS"). S.G. 3 1 . 539 . Formed by union 
of HI with CH n .OH 2 .CH 2 CH:CH, (Wagner a. 
Saytzeff, A. 179, 313; Wyschnegradsky, A. 190, 
347) or CH 2 .CH 2 .CH:CH.CH 2 (Wurtz, A. 148, 
132). 

Iso-sec-amyl iodide (CH,),CH.CHI.CH 3 . 
(137°~139°). From (CH,) 2 CH.CH:CH 2 and HI 
(Wy.). Water and PbO convert it into 
(CH,) 2 C(OH).CH 2 .CH s . 

s-n-Nec-amyl iodide CH,.CH„.CIII.CH 2 .CH > . 
(145 =-140°). S.G. 2 1-528; M 1 : 60. From di- 
ethyl-carbinol and HI (W. a. S.). 

2’ert-amyl iodide (CH 3 ) 2 .CI.CH 2 .CII 3 . (129°). 
S.G. 9 1-524; 19 1-50. From iso-scc-amyl iodide 
and HI (Winogradoff, A. 191, 132); also from 
fcrf-amyl alcohol and HI (Wy.). By shaking 
with water for 1 J- hours it is almost completely 
converted into ferf-amyl alcohol (Bauer, A. 
220, 158). With MeOH at 100° it forms Mel 
and lert-amyl alcohol; MeOAo at 110° gives 
amylonc, Mel, and HOAc. 

DI-n-AMYL KETONE C M H- 2 0 i.e. (C 5 H lt ) 2 C0. 
Caprone. [15°]. (226° cor.). S.G. 12 -826. Pre¬ 
pared by distilling calcic ca'proate. Does not 
combine with NnllSO,. 

itcactions. — 1 . Cone. HN0 2 forms caproio 
nitro-valerie, and oxalic acids.—2. CrO a forma 
caproic and valeric acids (E. Schmidt, B. 5,601; 
Lichen a. Janecek, A. 187, 134; Hercz, A. 180, 
263). 

n - AMYL - MALONIC ACID C,H,.0, i.e. 
(C i H M )CH(C0 2 H) 2 . [82°]. Formed by saponify¬ 
ing the product of the action of KCy upon 
o-bromo-licptoic ether (Hell a. Schiile, B. 18, 
626). Split up at 14(Pirito C0 2 and n-hoxoic acid. 

Salts.—CaA": S. -04 at 18°.—SrA": S. -09 
at 16°.—BaA": S. -6 at 10°.—CdA".—PbA": 
S. -008 at 20°.—Ag 2 A". 

TRI-Iso- AMYL-MELAMINE C„H 28 N a i.e. 
CjH„ (C,IX„) 3 N 0 . Formed by desulphuration of 
isoamyl thiocarbimide (Hofmann, B. 3, 264). 
Thick oil.—B"H 2 PtCl„. 

Iso-AMYL MERCAPTAN C.H, 2 S i.e. 
C s H|,SH. Mol. w. 104. (120° i.V.) (Beckmann); 
(118°) (Nasini, G. 1883, 302). S.G. -8348. 
It® 31-94 (N.). From isoamyl chloride and KHS 
(Bulard, A. 62, 313) or C,H n SO,K (KrutzBcli, 
J. pr. 31,1). 

AMYL MUSTARD OIL v. Asm, tmo. 

OABBIMIDE. 

AMYL-NAPHTHALENES C n H„. 

(a) -1st, -amyl -naphthalene (J I0 H J .C S H 11 [1], 
Formed by heating an ethereal solution of (a), 
bromo-naphthalene and isoamyl bromide with 
Na (Leone, 0. 12, 209).—Piorate, [85°-9Q°lfc 
palo yellow needles. 
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(fl) * Iw-wnyl- uphth*l*n» G„H,AH„ ni¬ 
ls. 490°). Prom naphthalene, isoamyl ohloride, 
•nd A1C1, (Boux, Bl. [2] 41, 879).-Piorate 
Oi,H„ 0,Hj(N0,),0H. [105°-110°]. 

Amyl-naphthalene (?). (305°). From lapaohio 
acid, HI and P (Paterno, Q. 12, 369). — Pier ate 
[141°] : orange needles. 

Iso-AMYL NITRATE <3,11,,NO,. Mol. w. 133. 
(147°). S.V. 153 59 (H. Schiff, B. 19, 567). 
Prom urea nitrate (10 g.), isoamyl alcohol (40 g.) 
and HNO, (30 g.) (P. \V. Hofmann, A. Ch. [3] 
23, 374). Liquid, smelling like bugs. 

Iso-AMYL NITRITE 0 4 H n N0 a . Mol. w. 117. 
<96°) (B.). (99°) (Guthrie, A. Ill, 82). S.G. -9. 
H.F.p. 48,140. H.F.v. 44,660 (Th.). 

Preparation. — 1. Nitrous vapours (from 
ASjO, and HNO, of S.G. 1-52) are passed into 
isoamyl alcohol (Balard, A. Ch. [3] 12, 318; 
Hilger, Ar. Ph. [3) 4, 485; Williams a. Bmith, 
Ph. [3] 16, 409). — 2. By distilling together 
KNO„ isoamyl alcohol, and dilute H,SO, 
(Rennard, Buss. Zeitschr. Pharm. 1874, 1). 
Yellowish liquid, smelling like nitrous ether. 

AMYLNITEOUS ACID, so-called. C s H 1(1 N 2 O t . 
Obtained by action of HNO, on di-amyl ketono 
(Chancel, C . li. 94, 399). Liquid; may be 
reduced to n-valeric acid. 

Salt.—C jIIjKNjO, : greasy-looking plates. 
AMYLODEXTBIN v. Dbxthin. 

AMYLOID v. Starch. 

AMYLONITROPHOSPHORODS ACID, so- 

called. C lo lI, d’M), (?). An oil, got by action of 
P a O, on isoamyl nitrite (Guthrie, A. Ill, 85). 
AMYL OXALATE v. Oxalic acid. 

Iso- AMYL OXAMIDE C,H u N.,0, i.e. 
NH,.CO.CO.NHCjH n . [181°]. From isobutyl- 
isoamyl glyoxalino and H,0., (Radziszewsky a. 
Szul, B. 17, 1296). 

Di -iso-amyl oxamide C^H-^N./), ix. 
C 1 H„.NH.CO.CO.NHC 1 H„." [12<J“] (Wallacha. 
Schulze, B. 13, 516). [139''] (Wurtz). Silky | 
needles; insol. water. From isoamylamine and 
ethyl oxalate. \ 

AMYL-0XANTHRAN0L v. Oxxnthranol. j 
AMYI.OXIDEC iu l 1] 0. Amylethcr. M.w.158. 
Iso-amyl oxide (C s H„).,0. (173°). S.G. 1? 
•7807 ; g -7741. M.M. 11-168 at 15-6° (Perkin! i 
O. J. 45, 474). From potassium isoamylato and 
amyl iodide. 

Iso-sec-amyl oxide (Pr.CMellJjO. (163°). 
From 1’r.CMeHI and Ag,0 (Wurtz, A. 129, 366). 

Iso-AMYL-PHENOL C„U la O i.e. 
C,H„.C„H,.OH [1:4], [93°J. (250°). Formed by 
heating phenol with isoamyl alcohol and ZuCl, 
at 180° (Liebmann, B. 15, 151) or by the action 
of nitrous acid upon amido-phenyl-isopentane 
(Calm.B. 15,1640). Long needles; si. sol. water. 

Beneoyl derivative C, 0 H ls OBz. [81°]. 
(349° cor.). Flat needles, formed by distilling 
tri-isoamyi phosphate with NaOBz (Kroysler, B. 
18,1717). 

AMYL-PHENYL, v. Phenyl-amyl-. 
Iso-AMYL-PHENYL PHOSPHATE 
0„H„PO, i.e. (CjH ll .C < H ) .0),l’0. (above 400°). 
Formed by heating isoamyl-phenol with POC1, 
(Kreysler, B. 18,1701). Thick oil; v. sol. ether, 
sol. alcohol. , 

Iso-AMYL-PHENYL SILICATE G„H so SiO, 
i.e. (0,H n .C„H,.0),Si. (c. 394°) at 118 mm. 

From isoamyl-phenol and SiOl, (Hertkorn, B. 
18,1602). 


AMYL PHOSPHATES. 

Iro-amyl-phosphorio aoid ;0,H n O).PO(OH) r 
From syrupy phosphoric aoid and amyl alcohol 
at ordinary temperature (Guthrie, O. J. 9,134). 
Deliquescent crystalline mass ; v. sol. water, 
and aloohol, insol. ether. Salts.—K-A".— 
(NH,)^".—BaA".-PbA".-OuA".—Ag^T 

Di-iso-amyl-phosphoric acid 
(C,H n O) a PO(OH). From amyl alcohol and 
bromide of phosphoric (Kraut, A. 118, 102). 
Salts.—CaA',: S. 1-6 at 18°.—AgA'.—AgHA' P 

AMYL-PHOSpHINES V. Phosphines (Hof¬ 
mann, B. 6, 297). 

Iso-amyl phosphine O s H,,PHj. (107°). 

Di-iso-amyl phosphine (C,H M ),PII. (o. 213°). 

Tri -iso-amyl phosphine (C„H n ),P. (300°). 

Oxide (C 5 H„),PO. [c. 65°]. 

Iso-amylo-iodide (C s H n ),PI. 

Iso-AMYL PHOSPHINIO ACID C,H„PO, 
i.e. C s H n .PO(OH),. Pentane phosphinic acid. 
[160°]. From isoamyl phosphine and HNO, 
(S.G. 1-35). Pearly plates (from water). 

Salt.—AgjA": amorphous pp. (Hofmann, 
B. 6, 305). 

AMYL PHOSPHITES. 

Iso-amyl phosphorous acid (C,H„0)P(0H), 
Formed together with di-isoamyl-phosphoroua 
acid by shaking with water the product of the 
action of PCI, on isoamyl alcohol- Dilute 
Nil CO, dissolves mono- but not di-, amyl 
phosphite (Wurtz, A. Ch. [3] 16, 227). 

Chloride C^.O-PCl,. (173 ). S.G. *1-109 
(Mcnschutkin, A. 139, 348). 

Di-iso-amyl-phosphorous acid 
(C^O^P^H). S.G. is '97. 

Tri-iso-amyl phosphite (C,H n O),P. (236°), in 
hydrogen. From PCI, and NaOC,H„ (William¬ 
son a. Railton, C. J. 7, 218). 

AMYL-PIPERIDINE C I0 H„N i.e. 
C S H I0 N(C S H„). (188°). Colourless liquid, nearly 
insoluble in water. Formed by digesting piperi¬ 
dine with amyl bromide and aqueous KOH. 

Methylo-iodide. B'llel. [195°]. Thick 
prisms. By moist Ag.,0 it gives an alkaline 
hydrate which on dry-distillation yields methyl- 
amyl-piperidine (Sehotten, B. 15, 421). 

Iso-AMYL-PYRROL C„II 1S N i.e. 0,11,.NC.H, 
(c. 182°). S.G. -IS '879. Formed by distilling iso- 
amylaminc muoate (O. A. Bell, B. 10,1866). 

Iso- amyl-pyrrol carboxylio aoid, isoamyl. 
amide C i H„.NC,H,,.CO.NH0 5 n„. [77°]. Prisms. 
Formed along with the isoamyl-pyrrol (B.). 

Iso-AMYL SILICATE C..,H lt SiO, i.e, 
SifCjHuO),. (324°). S.G. -868. V.D. 15-2 
(calc. 13 0). From SiCl, and isoamyl alcohol 
(Bbelmen, A. 57, 331). Oil, very slowly decom¬ 
posed by water. 

AMYL SULPHATES. 

Iso-amyl sulphurio acid CjHuSO, i.e. 
C s H„SO i H (Cahours, A. Ch. [2] 70, 86} 
Kckuld, A. 75, 275). 

Salts.— NH,A'.—NaA'llaq. — KA' laq.— 
MgA', 4aq.—CaA' 2 2aq.—SrA ,2aq.—BaA, S#q; 
flat tables, S. 9'7 at 10° (Balbiano, B. 9,1437); 
S.G. 1-623 at 21-2° (Clarke, B. 11, 1506).— 
ZnA',2aq.—HgA'.2aq.—PbA'.aq.—MnA'.4aq.~ 
NiA',2aq.—CuA', 4aq.—AgA'. 

Iso-amyl sulphate (0 4 H,.),S0,. Formed by 
passing SO, into warm amyl nitrite (Chapman, 
B. 3, 920). 
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At(T£ SULPHIDES. 

Di-iso-amyl-«ulphide (0,H„) 2 S. Mol. w. 174. 
(214° i.V.). S.G. \° -8431. B ® 54-2 (Nasini, 
G. 13, 802). Amyl alcohol (131°-132°) is con¬ 
verted by PCI, into amyl chloride ana this is 
mixed with alcoholic K..S (Jrom half saturation 
of alcoholic KOII with H 2 S) and heated in 
dosed vessels for 10 hours at 100 °. Product 
fractionated (Beckmann, /. pr. (2J17, 440). Also 
from potassium amyl-sujphate and K..S (Balard, 
A. Gh. [3] 12, 303). 

Dl-iso-amyl disulphide ( 6 jI„).S,. (250°). 
S.G. 1* ‘918. From potassium amyl-sulphate and 
K,Sj (O. Henry, A. Gh. [3] 25, 216; Bpring a. 
Legros, B. 15,1938). 

Iso -AMYL SULPHITE (G,II u O).SO. (230°- 
250°). From SOCl 2 or S CI, and isoamyl alcohol 
(Carius, -4. 10G, 291; 'ill, 97). Oil; decom¬ 
posed by water or KOHAq into amyl-sulphurous 
acid and amyl alcohol. 

AMYL SULPHOCYANIDE C,.II„NS i.e. 
C ? H„S.CN. (197°). S.G. M -905. Got by 
distilling potassium amyl-sulphate with potas¬ 
sium sulphocyanide (Henry, A. Gh. [3J 25, 218; 
Medlock, A. 09, 214). 

Di-iso-AMYL SULPH0NE (C,H„)-SO... 
[31°]. (295’). Di-iso-amyl sulphoxido (5 pts.) is 
heated with water (20 pts.) till it melts, a solu- j 
tion of KMnOj (3 pts.) in hot water (.30 pts.) is ; 
added with constant agitation. The sulphonc i 
is extracted with ether. The yield is that indi¬ 
cated by theory (Beckmann, J. pr. [2] 17, 411). j 

Properties. Long needles, grouped in tufts. 
81. sol. hot water; sol. alcohol, ether, benzene, 
CHClj and CS,. Soluble in ILSO,, HNO, and 
acetic acid, but precipitated by water from these 
solutions. Not reduced by Zn and H.SO,, by 
sodium-amalgam or by HI. 

AMYL-SULPHONIC ACID v. Penta.se 


AMYL THI0-PH08PHATE8. 

Iso-amyl thio-phoiphate (0,H 11 )R J PSO,. 
From isoamyl aloohol and PSC1, (Chevrier, Z . 
18G9, 413). 

Tri-iso-amyl thiophosphata (C,H„),PSO- 
S.G. 13 -85. From C v H„ONaand PSC1, (G.). Oil. 

Di-iso-amyl di-thio-phoaphate 
(C 5 H n ) 2 IIPS.O.,. Salt. —PbA' 2 [70°). 

Tri - iso - amyl - tetra - thio - phosphate 
(CsHnJjPS,. Formed, together with the pre¬ 
ceding, when P 2 S s acts on isoamyl alcoliol (Kowa- 
lewsky, A. 119, 310). 

Iso- AMYL THIOSULPHATE. The salt 

Na(C i H n )S. J Oj2aq is formed by acting with 
isoamyl iodido on sodium thiosulphate. It 
crystallises in lumimc (Spring a. Legros, B. 15, 
1938). 

iso-AMYL THIO-USEA C„H,,N.,S i.e. 
C H n i\H.CS.NIL. Monoclinic crystals (Arzruni, 
P. 152, 281). 

AMYL-TOLUENE C,,H„ i.e. C11 ! .C„1I 1 .C 1 II 11 . 

Melhtjl-amyl-bcnzenc 

o-Iso-amyl-toluene (?). (204°). S.G. 2 ‘895. 
From toluene, isoamyl chloride, and zinc dust 
(Pabst, B. 9, 503). 

)«-iso-amyl-toluone. (208°). S.G. 22 -868. 
From toluene, isoamyl chloride, and A1C1, 
(Kssner a. Gossin, Bl. [2] 42, 213). KMnO, gives 
isophthalic acid. 

p-iso-amyl-tolueno. (213°). S.G. 2 ’8G4. 
From p-bromo-toluenc, isoamyl bromide, and 
Na (Bigot a. Fittig, A. 141, lGti). CrO a produces 
terephthalic acid. 

AMYLUM r. Starch. 

AMYL-UREAC,,11, ,N a O i.e. C,H„NH.CO.NH 2 . 
Iso-amyl-urea [ill 0 ]. From amyl cyauato 
and hot alcoholic Nil, (Custer, I). 12, 1330; 
cf. Wurtz, G. B. 32,417; Bl. [2J.7,141). Crystals; 
si. sol. water. 


BULPHONIC ACID. 

DI-iso-AMYL-SULPHOXIDE (C ; ,H„),.SO. 
[37°). From di-amyl sulphide (1 pt.) "and 
fuming HNOj (2 pts.). Crystallised from ether 
(Saytzeff, A. 139, 354; Beckmann, J. pr. [2j 
17, 441). Flexible fatty-looking crystals. 
Chlorine acts on it in presence of water forming 
pentane sulphonic acid, chloro-pcntanesulphonic 
acid, di-isoamyl sulphone, valeric acid, cliloro- 
valeric acid, tri- and tetra-chloro-pentanes, Ax. 
(Spring a. Wiussinger, Bl. [2J 41, 307). 

AMYL - SULPHURIC ACID v. Asm, 

SCLPITATE. 

Iso-AMYL TELLUHIDETe(C,n,,) 2 . (o.l98°). 
Got, in impure state, by distilling calcium 
amyl sulphate with TeK, (Wohler a. Dean, A. 
97,1). 

Iso - AMYL. DI - TH!0 - CARBAMIC ACID 
C.IIijNS, i.e. C s H„NH.CS.SH. <Isoamylamine 
salt CjI^jNHJlA'. From isoamylamine and 
. CS 2 in ethereal solution (Hofmann, I. 1859, 
379). Laminae. 

AMYL THIOCARBIMIDEB C„H„NS ».e. 
Ci^nN.CS. Amyl mustard oils. Mol. w. 129. 

Iso-amyl-thio-carbimide (183’). S.G. D -942. 
Obtained by boiling the preceding compound with 
aqueous HgCl 2 (Hofmann, B. 1, 173 ; Bull, B. 
1 , 200 ). 

■ Tert-amyl thio-carbimide EtCMe 2 N.CS. 
(160°). From EtOMe 2 NH 2 by successive treatment 
with CS, and HgCl, (ltudneff, Bl. [2] 33, 300). 


Is o- Ilex op l-derivative 
C i H„NH.CO.Nil.CO.C,U„. [94°). From the 
amide of isohexoic acid, 1’r.CH .CIL.COll, by 
means of Br and NaOII (Hofmann, It . 15, 758). 

IVrt-amyl-urea. [151°]. S. 1-2(1 at 27°. 
From tert-amyl evanate and NH, (Wurtz, A. 139, 
328). 

n-IIexoyl derivative. [97°]. Formed by 
action of potash on a mixture of n-hexamide 
and bromine (II.). Plates; sol. alcohol, and 
ether, insol. water. 

Di-iso-amyl- urea CjIIuNII.CO.NHCjH,,. 
[39°J. (270°). Formed by boiling isoamyl 

cyanate with isoamyiaminc and alcohol (C.). 
Needles; insol. water, sol. alcohol and ether. 

Di-fcrt-amyl-urea. Formed by action of 
KOH upon tert-amyl cyanate (W.). Needles; 
may be sublimed. 

Tri-iso - amyl - nrea (CjHuJjN.CO.NH.CjH,,. 
(2fiO°). From isoamyl cyanate and di-isoamyl, 
amine (C.). Liquid. 

Tetra-isb-amyl-urea (CJIn^N.CO.NfCjH,,),. 
(241°). Obtained by the action of Cl.COJlt 
upon a mixture of di- and tri- isoamylamine (6.). 
AMYL URETHANE v. Amvi^oardamic btheb. 
AMYL-YALERONE v . Bdtvi, ennyl ketone. 
Lo-AMYL-XYLENE C„H m i.e. 
C t H,Me 2 .C s H„. Di - methyl - isoanfyl - bemen*. 
(233°). S.G. 2 -895. From bromo-xylene, iso¬ 
amyl bromide and Na (Fittig a. Bigot, A, 141, 
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AMYBIH. A crystalline resin, difficultly 
soluble in alcohol, contained in some specimens 
of elemi, and in arbol-a-brea resin (Buri, 
Neues Repert. filr Pharm. 25, 193; Hesse, A. 
192, 179). According to Hesse its formula 
is C 47 H 7 „(OH ) 2 and its acetyl derivative is 
C 4 r H 7 U (OAc) 2 . Bromine forms a complicated 
bromo-derivative. 

ANACAJtDIC ACID C Z 2 H 32 0 8 . [26°]. Occurs 
in the fruit of Anacardium occidentals (Stacde- 
ler, A. 03, 137). Crystals ; insol. water, v. sol. 
alcohol and ether. Salts.—CaA"aq.—BaA".— 
TbA". —HA'TbOAc. — A"FeOH aq. -AgHA". 

ANALYSIS. To analyse a thing means to 
resolve it (ava\veiv) into its components. This 
term, however, has a very wide meaning, which 
stretches far beyond the outermost limits of our 
resources of even virtual analysis. So 'well is 
this understood by all that even when we speak 
of a complete analysis wo refer only to as com¬ 
plete a solution as the science affords of one or . 
other of three special problems. One of these I 
is tho actual or virtual resolution of the body 
into its component chemical species or perhaps j 
genera; another, the determination of its elc- | 
ments ; the third, the determination of what, in ! 
tho sense of some imagined general inode of ; 
decomposition, aro its primary radicles. This 1 
(the last named) problem has received a partial 
solution in the sense that we havo ready-made ' 
methods for the determination of the acids and 
bases that may bo contained in a solution of 
salts of a certain low order of complexity. These 
methods include only a minority of tho non- ■ 
metallic salt radicles, but they includo all the ! 
better-known elements as such; and as we 
have general methods for converting any kind 
of substance into salts of low order of com- : 
plexity, these latter methods, conjointly with the 
former, constitute a complete solution of the 
problem otultimaic analysis. In regard to the first 
problem, our powers are very limited. That wo 
have methods for tho proximate analysis of cor- , 
tain classes of substances need not be specially ; 
affirmed; without these, vegetable aud auitnal 
ohemistry could have no existence—but a general ; 
exposition of their principles would resolve itself j 
into tho retailing of commonplaces. We prefer j 
to give a brief summary of what we have of [ 
means and ways for seeing whether a substance 
presumed to bo pure really is one substance oris 
a mixture. In a sense there is only one method: 
wo subject the substance to some physical or 
chemical process of fractionation, which, while 
Bure not to produco transmutations, gives the 
several proximate components a chance of part¬ 
ing from one another; and we then compare the 
several products with one another and with tho 
original substance. Tho form which the 
mothod assumes depends largely oh tho state of 
aggregation of tho substance under operation. 

I. Oases. The oneness of a gas can in 
general be proved by (a) fractional diffusion 
through a septum of gypsum or graphite; if 
the gas is a mixture of, say, two species, the 
lighter one diffuses out faster thaft the other; 
with mixtures of gases of the same specific 
gravity, the method, of course, breaks down: 
(6) partial absorption . This method is dia- 
oussed fully under ‘ gas-analysis 'J&. «.). 


II. Solids. These may be susceptible of 
fractionation by fa) partial fusion ; (b) partial 
solution in suitable solvents; (c) partial freezing 
of the liquefied body ; (d) partial crystallisation 
out of solutions ; ( e) partial volatilisation. 
(See lit.) For tho comparison of the several 
fractions, tho determination of the fusing points 
comes in as a handy, and in general sensitive, 
test. 

III. Liquids. Fo* these the methods given 
under ( b ) and (c) for solids may be available. In 
the case of distillable liquids wo generally resort 
to fractional distillation, taking caro to observe 
the temperature of the (saturated) vapour, during 
the progress of the operation. A mixture may 
have a constant boiling-point, and may besides 
remain undecomposcd on distillation ; as a rule, 
however, it is not so. The volatility of each 
component depends chiefly on the value for it of 
the product mp, where m is the molecular weight 
(or vapour density), and p tho vapour-pressure 
at the prevailing temperature of ebullition. For 
two components, tho respective products w,p, 
and m/p 2 have in general different values. 
Hence it is not necessarily the lowest boiling 
component which comes over first; because a 
large m may mako up for a small p. As a mere 
test for purity, the determination (at a series of 
suitable temperatures) of the vapour-pressure by 
the statical method goes considerably further 
than tho determination of the boiling-point 
curve. In a pure substance, tho pressure, p , at 
t° is a function of t only ; in a mixture of (say) 
two liquids, p depends (in a given trial) on the 
volume of vapour produced, because the ratio of 
the weight of the vapour to that of the un- 
volatilised residue changes with this volume. If 
this ratio is very small, we have an approxima¬ 
tion to the vapour-pressure of tho more volatile 
component; if the ratio is large, the pressure 
approaches the value characteristic of the 
mixture as such. Any of the many mixtures of 
constant boiling-point, when subjected to this 
test, at a suitable temperature, is sure to reveal 
its complexity. Unfortunately the operations 
involved are somewhat troublesome, and the 
results are liable to be largely vitiated by the 
presence of absorbed air in the sample. 

The second and third of our three general 
problems, qualitatively considered, form the body 
of what is customarily being taught as 

Qualitative Analysis. 

The resources of qualitative analysis—apart 
from mere methods of identification of named 
species, which we leave on one side—may be 
arranged under three heads :— 

I. Flame Tests. A set of methods for the 
detection of elements as such, which, being all 
founded upon ultimate or penultimate dissocia¬ 
tions at high temperatures, are in a high degree 
independent of the constitution of the substance • 
operated upon. Another specific feature in these 
tests is that they are easy and rapid of execution, 
and demand only very small quantities of sub> 
stance. 

II. A set of what we will call methods of 
chemical disintegration (each general in refer¬ 
ence to a large olass of bodies), by means of 
which compounds of high chemical complexity 
can be, so to say, opened up, and their element! 
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a t within the mum of our tontine method* 
malysis (t). infra). These methods might, 
eaoh, be indexed, by referenoe to a certain 
element, generally of high valenoy; as a rule it 
i* a non-metallio element, and in the analyst's 
sense, sui generis, *.«. not susoeptibleof detection 
as one of a group. 

m The systematic methods for the radioal 
analysis of a solution of salts which were 
referred to in the introduction. In addition to 
these analytical methods, the analyst naturally 
discounts all that may help him towards the 
solution of his problem. Our three classes of 
methods alone, it is true, if judiciously employed, 
would enable one in general to perform an ex¬ 
haustive ultimate analysis ; but a purely 
ultimate analysis, in the majority of cases, is 
not what we want. The ideal which we aim at 
in all analyses made for practical purposes is (as 
good an apology aB is attainable for) a proximate 
analysis; a recipe, so to say, for composing the 
substance from things of known constitution. 
Hence, if the substance presents the aspect of 
amixture—mechanical orphysical—wenaturally 
begin by trying to effect a separation of the 
several things from one another: by mere pick¬ 
ing out, or elutriation, in the case of an obvious 
mixture; by distillation in the case of a solution 
in a volatile solvent. We will assume, however, 
that this division of the given substance into 
two or more substances has been effected (if 
called for, and possible), and that the substance 
to be analysed is a solid (which virtually includes 
the case of a liquid); gases demand special 
methods, which lie beyond our programme. In 
this, as in any analogous case, wenaturally begin 
by a close observation of at least the general 
properties of the body; it may be expedient to 
supplement this observation by the exact deter¬ 
mination of certain physical properties, such as 
hardness, speeilio gravity, crystalline form, 
optical constants, <Jtc., &c. Everything here 
depends on the nature of tho case, and—of the 
operator. A mineralogist, for instance, by such 
determinations, may be able virtually to analyse 
» mineral; but everybody cannot do this. After 
the more purely observational stage, it is ex¬ 
pedient to study the behaviour, at a graduated 
succession of high temperatures, of (o) tho sub¬ 
stance itself, ( 6 ) the substance and atmospheric 
oxygen, (c) the substance plus added reagents. 
We therefore begin by heating a few centigrams 
of substance in a sublimation tube over a Bunsen 
lamp—first gently, then more and more strongly 
—on the chance of obtaining a readily recognis¬ 
able sublimate, gas or vapour, or residue. Of 
the identifiable residues, charcoal is tho most 
important, because its formation proves the pre¬ 
sence of organic matter in the sample, although 
all organio matter docs not yield charcoal. If 
37 $ substance presents a metallic, or semi- 
^Uic, aspect, it is expedient to roast a frag- 
kO H N* n a draught-tube, on the chance of 
a sublimate of mercury, oxide of 
iso-ati w hjt e arsenic, iodine, &c., or an 
'mtained by su ]j,], uroaB ac ;g j ,t c . j( the sub- 
i/lnn * 8 118,8 P artiaU J volatile or partially 
• we prepare a supply of the fire-proof 

rf ®? 1 west sufficient temperature), and, 
Ifq? j r0 “~i the first as we would a fire-proof 
°it J *' s « * n Sbject it to a selection of , 


t Kurt fasts. . 

By “ flame-tests ’’ we mean dry-way tests, in 
which the substanoe, or substanoe plus reagents, 
is heated direotly in the flame. These tests 
were introduced by Gahn, and subsequently ex¬ 
tended and brought to high perfection chiefly by 
Berzelius and Plattner. In accordance with the 
modes of operating which theso authorities 
found it convenient to adopt, a blowpipe flame 
used to bo universally employed as a heating 
medium. But Bunsen, some twenty years ago, 
showed that most blowpipe tests can be done 
more easily and conveniently in the flame of the 
gas lamp which bears his name, and that this 
flame can also be employed for certain new tests 
introduced by him, which tests could not be 
conveniently done with the blowpipe. Many 
chemists prefer the Bunsenian modus operands , 
but the blowpipe has not by any means become 
obsolete; it will continue to be used, because it 
offers certain specifio advantages of its own. 
For the purposes of this article it will bo 
sufficient to give the following enumeration of 
tho more important of the characteristic flame- 
test operations: 

(1.) A few mgms.of the substance are placed 
on an asbestos-stick, and exposed to the several 
regions of a Bunscn-flame, proceeding from 
lower to higher temperatures, to determine 
degrees of fusibility and volatility. 

(2.) A few mgms., fixed to one end of a hair- 
fino platinum wire, are exposed first to colder, 
and then to the hottest, part of the flame-mantle 
of a Bunsen, in order to see, whether tho flamo 
is thereby coloured. If a colour is produced, it 
is analysed optically (by means of a spectro¬ 
scope), with tho view of thus effecting a 
chemical analysis of tho glowing vapour. Of 
elements identifiable by their spectra (or flame 
colours), the following may be named;—Tl, In, 
Itb, Cs, K, Na, Li, Ba, Sr, Ca in most of the 
ordinary states of combination, Cu as haloid 
salts, B as boric acid or fluoride, P as tree phos¬ 
phoric acid or PH 3 . 

Spectrum analysis, as everybody knows, was 
invented by Bunsen and Kirchoff. Some years 
ago Bunsen brought it into a ncwforin, in which 
a spark current, produced by means of an 
induction-coil is used for tho volatilisation of 
the substance’; at the very high temperatures 
thus produced, a great many elements, besides 
those named, become identifiable by their 
spectra. 

Flame Tests with Reagents— Of these 
sodium carbonate is most extensively employed; 
either platinum wire or charcoal being used as 
a support. 

On platinum; (1) as a mere flux, it 
identifies SiOj, given as such or as highly acid sili- 
cate; (2) iff conjunction with oxygen used ns 
air, or introduced as nitre—it detects Cr andMn 
with certainty, converting the former into 
(yellow) chromate, the latter into (green) man- 
ganate. 

When used on oharconl; in the reducing 
flamo, it may bring to light, (1) 9, Se, Te. Any 
non-volatile form of these yields a fused mass, 
containing Na 3 S &c., recognisable by the black 
stain (Ag.,9 dte.) which it produces when plaoed 
on s silver coin, and moistened with a drop of 
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water.—(2) Ont or mart ofths following metals-, 
At, Hg, Zn, Od, Pb, Bi, Sn, Cu, Ag, Au, Fe, Mi, 
Go, Ft. The oxides and man; of the salts of 
these metals when subjected to the operation 
under discussion, are reduced to the elementary 
state. The metal thus liberated may assume 
the form of a visible fused bead, or remain con¬ 
cealed in the form of fused scales or an unfused 
powder or sponge; these, however, can in all 
oases be isolated and brought to light by elutria- 
tion with water in an agato mortar. Part of 
the metal, in general, volatilises, and in passing 
through the flamo becomes oxide. If the re¬ 
duction is effected in the blowpipe flame on 
a block of charcoal (old style), part of the oxide 
in general settles down on the charcoal as a 
ring, and by its colour may aid in identifying 
the metal. When operated upon as described, 
compounds of As yield only vapour of oxide, 
whioh in most cases is lost altogether. Hg; 
vapour of metal, which is also lost. Zn, Cd; 
little or no metal, but abundant oxide rings; 
(ZnO is white, CdO brown). Pb, Bi; easily 
fusible metal, and tangible quantities of yellow 
oxide. Sn; easily fusible metal, and little 
(white) oxide. Cu; not easily—Ag; more easily 
—-Au ; not easily—fusible metal or scales, and 
no oxide. Fe, Ni, Co; unfused powdery, or 
spongy, metal, which follows the magnet. Mo 
oxide. Pt; like Fe, but the metal is not mag¬ 
netic and is unacted on by HNOjAq. 

In Bunsen's modo of operating—which con¬ 
sists in heating the mixture of substance and 
soda on a slender stick of charcoal in the re¬ 
ducing part of the 1 zone of fusion,' the oxide is 
lost, but all the respective metals fall within tho 
range of 

Bunsen's Film Tests. —When tho air¬ 
holes of the Bunsen are partially closed, a 
luminous tip forms somewhere near the apex of 
the flame. Many oxides suffer reduction when 
held in the contro of this tip on an asbestos stick; 
and the reduced elementary substanco can bo 
collected on a Berlin basin (filled with water to 
keep it cold), held over tho sample across tho 
flame. Tho elements thus appear ns films 
resembling tho stains of As and Sb produced in 
Marsh's test. Tho following elements chiefly 
yield films: As, Sb, To, So; hardly attacked by 
nitric acid of 20 p.c. Bi, Hg, T1; very slowly 
dissolved by nitrio acid of 20 p.c. Pb, Cd, Zn, 
In; instantly dissolved by nitrio acid of 20 p.c. 
By a very obvious modification of the process, 
oxide films can bo produced in lieu of metallio 
ones; but wo cannot go any further into this 
matter. 

Borax is always used as a bead fused to 
tho end of a platinum wire. Such a bead dis¬ 
solves most motallio oxides at a moderately high 
temperature, forming glasses, the oolours of 
many of which are characteristic of *tho metal. 
Often one metal gives two colours according to 
whether tho fusion is eileoted in the oxidising 
or in tho reducing flame; this affords additional 
means of discrimination. 

Microcosmic salt (or rather tho fused 
NajO.P./), groduoed by its decomposition by 
heat) acts on metallio oxides pretty muoh as 
torox does; but its specific funotion is the 
detection ol silica. If a splinter of a silicate is 
boated in a fused meta-phosphate bead, the 


m 

! base* dissolve out, the lilies remains in the 
characteristic form of an unfused • skeleton ’ of 
the splinter. 

Whatever the flame-tests may have brought 
out by way of positive results, their negative 
results count for very little. 

II. Methods of Chemical Disintegration. 

Substances may be divided into two classes, 
as regards the operations required to bring them 
within the range of our systematic methods of 
salt-analysis. (1) Such as are simple salts (we 
mean salts whioh can be analysed by our routine 
methods), or can be made into solutions of such 
by the application of the ordinary mineral sol¬ 
vents, such a 3 water, diluto mineral acids (qua 
acids), nitrio acid or aqua regia (qua oxidants). 
This class comprises manyminorals, and ordinary 
chemical bodies, but unfortunately (and naturally) 
we have no general test for the recognition of 
these bodies as a class. (2) Such as demand 
special methods of disintegration. Of the more 
commonly occurring chemical genera, the fol¬ 
lowing may be named as falling within this 
class:—(a) Fluorides ; these although perhaps 
of the simplest constitution, demand special 
methods because hydrofluorio acid and all 
acid fluoride-solutions attack glass and porce¬ 
lain. (b) Most silicates : silico-Jluoridcs. (c) 
Cyanides, especially metallocyanides. (d) Salle 
of certain complex organic acids (not cyanides); 
in the sense that they exhibit abnormal metal- 
reactions. (e) Organic compounds generally; in 
the sense of ultimate analysis generally, (f) 
An-orthophosphates. (g) Certain classes of sul¬ 
phur compounds. 

This list does not pretend to be complete, but 
it includes most bodies which tho practical 
analyst is likely to come across. For tho second 
class of substances as a class, we of course have 
not a general test any more than we have for 
tho first, but wo have general tests for the several 
genera, in this sense at least that we have 
general methods for the detection of their cha¬ 
racteristic elements. 

The following section is compiled partly with 
tho view of supplying the necessary information 
in this direction. 

General methods for the detection of 
certain elements (mostly non-metals ) 
and for the ultimate analysis of their 
compounds. 

Silicon is always isolated in its highly cha¬ 
racteristic form of silica, SiO s , which is easily 
identified by tho blowpipe tests given above, and 
by its convertibility into volatile SiF, by the ac¬ 
tion of HF. Silicon and metallic silicides, when 
fused with caustic alkali, yield alkaline silicates 
(q. v.). Alkaline silicates (even if so acid as 
ItjO.ISiO.J dissolve in water, forming alkaline 
solutions. Mineral silicates, Slags, Glasses, < to. 
fall within two classes according to whether they 
are, or aro not, decomposable by hydroohlorio 
acid. Those of the first class are finely pow. 
dered and digested in oono. hot HClAq until 
disintegrated, evaporated to complete dryness (to 
convert the colloidal part of the silica into the 
insoluble form), drenohed with HClAq, allowed 
to stand (to re-ohlorinate (he A1,0, and Fe,0 
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produced}, treated with water, and filtered. The 
lilica remains on the filter; the solution contains 
the metals as chlorides. Of those of the second 
class, some are disintegrable by hot semi-cone. 
H.,SO,Aq (ex. the clays). The general method 
is to fuse the finely powdered silicate with 
KNaCO, until all is dissolved, and to analyse 
the fused residue as a silicate of the first class. 
Alkalis must bo tested for in another portion of 
the silicate, after evaporation with NH,FAq, 
whereby Si is removed as SiF, and the bases 
remain as fluorides easily convertible into sul¬ 
phates by H..SO,,Aq (comp. Fluorine). 

Aluminium.—Only the forms of A1,0, in¬ 
soluble in acids need be considered here; these 
if finely enough divided, all dissolvo at a red- 
heat in fused KOH, becoming aluminates soluble 
in water. 

Chromium.—All non-volatile compounds, 
when fused (in silver) with KOH and KNOj, 
yield alkaline chromate, recognisable by its yellow 
colour and the very intensely yellow colour of 
its aqueous solution. This operation constitutes 
a general method of disintegration for the forms 
of Cr 2 0, and chromites insoluble in acids; it 
goes a certain way even with chrome iron ore, 
but the complete disintegration of this mineral 
demands special methods. 

Titanium.—TiO, stands between SiO. ; and 
Al.Oj. Unlike the former it is not volatilised 
by evaporation with HFAq. Titanates are de¬ 
composed by fusion with KHSO,; the cold 
aqueous extract after fusion includes the TiO s 
which is precipitated on boiling, as such. 

Tin.—The forms of SnO._, (including tin¬ 
stone) which are insoluble in acids yield Sn 
when fused on charcoal with NallCD, and KCN. 
They may be disintegrated (1) by fusion with 
KOH; the SnO» becomes stannate soluble in 
water: (2) by fusion with six pts, S and six pts. 
Na 2 CO,; the aqueous extruct after fusion con¬ 
tains the Sn ( also any As and W that may be 
present) as thiosalt, and consequently falls in 
with a certain stage of the routine method of 
metal-analysis ( v. infra). 

Carbon in any state of combination is con¬ 
vertible into C0 2 , which is readily identified. 
It is distinguished from HC1 and S0 2 by its 
scanty solubility in water, and inertness towards 
oxidising agents; from N, H, &e. by its abundant 
solubility in solutions of basic hydrates; with 
Ca0 2 H,Aq and BaO-RAq it gives a character¬ 
istic white pp. of carbonate. Carbonates (almost 
without exception) arc decomposed by mineral 
acids with evolution of C0 2 . Elementary carbon 
(in all forms) burns in oxygen to C0 2 . 

Combustible Carbon Compounds. — The 
methods of organic analysis (q. v.) are easily 
translated into general methods for the detection 
of combustible carbon as C0 2 . It is necessary 
to purify the CuO or PbCrO, immediately before 
use by heating it to redness in air until it ceases 
to give off CO.,. 

• All non-volatile carbon compounds can 
be burnt by heating them with none. BL.SO.Aq 
ai , , Cr0 - . Many volatile organic bodies unite 
readily with cone. H„SO,Aq to form non¬ 
volatile compounds, and thus fall within the 
tango of the method which obviously suggests 
itself for the detection of combustible carbon 
beside carbonate. 


Analysis of Carbon Compounds.— 
I. Organic acids proper (COOH compounds) 
need here be considered only in regard to the 
extent to which they interfere with the routine 
methods for the detection of the metals in a 
solution of salts. Some (including formic, 
acetic, sucoinic, and many others) interfere only 
in this sense that, in their presence, the preci¬ 
pitate obtained by H,S in tho presence of free 
acid, may include Zn, Co, Hi, and perhaps 
other metals of the iron group. This difficulty 
is easily overcome. A large class of non-volatile 
acids, ineluding the ordinary fruit acids, prevent 
the precipitation of Fe 2 O s , A1 2 0„ Cr 2 O s , CuO, 
and other metallic oxides by alkalis, ami that of 
A1 and Cr even by sulphide of ammonium. In 
nil difficult or doubtful cases, it is best to 
destroy the organic part of the salt, whioh 
can lio done in two ways :—(1) By incineration: 
which, of course, had better be postponed until 
after the elimination of the copper and arsenio 
groups by sulphuretted hydrogen; if this lias 
been effected, Zn, of all tho metals left, is tho 
only one which may be lost by volatilisation.— 
(2) By treatment (of the dry salts) with oil of 
vitriol. Tho ultimate product contains tho 
metals in the form of sulphates. 

II. Cyanides, a. Hydrocyanic acid; easily 
recognised by its volatility and specific smell 
and reactions ; regarding tho latter, see b. 
b. Tho simple cyanides of the more positive 
metals (K to Ca inclusive). These are all soluble 
in water. The solutions are alkaline, ami give 
off IICN with acids. AgNO.Aq in excess pre¬ 
cipitates AgNC, insoluble in dilute IINOjAq. 
When mixed with (1) excess of alkali, (2) ferroso- 
ferric salt, (3) excess of IIClAq, they yield a blue 
precipitate (or green suspension) of Prussian 
blue. c. Cyanide of moroury, Hg(NC).,. Soluble 
in water. Exhibits anomalous reactions both as 
a mercuric salt and as a cyanide. But is de¬ 
composed by H 2 S into a pp. of HgS and a soln- 
tion of IICN. d. Heavy metallic cyanides, and 
metallocyanides. Some give off part of their 
cyanogen as HNC, when distilled with dilute 
HCIAq or H 2 SO,Aq. Many {e.g. prussiates) re¬ 
cognisable by specific tests. Solutions of metallo- 
oyanides mostly givo pps. with AgXO,Aq, in. 
soluble in dilute HNO,Aq, in which the charac¬ 
teristic metals of tho radicles can be detected 
(p. Halogens). 

A general method for the detection of the 
metals in cyanides, oyanates, anil thiocyanates, 
is to heat the dry substance with cone. ILSO.Aq 
until completely decomposed. Tho cyanogen 
becomes ammonia-salt, and CO; the metals 
remain as sulphates. About the detection of 
non-metallic elements in carbon compounds, see 
sect, on S, P, &c. 

Borop occurs chiefly in the form of borate. 
The presence of boric acid does not interfere 
with the routine methods of metal analysis. 

Phosphorus is always isolated and identi¬ 
fied as orthophosphate. I. Orthophosphates, as 
far as not soluble in water, are mostly soluble in 
HCIAq. To searoh for phosphorio acid, we 
supersaturate the solution strongly with am¬ 
monia, and (after filtration, if necessary) add 
magnesia mixture (NH,C1 and MgCL, in NH,Aq), 
crystalline P0,MgNH ) .6H a 0 gradually forms, 
insoluble Ip dilute NH,Aq. A pp. formed by 
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NH,Aq generally contains part, sometimes the 
whole, of the phosphorus acid. To detect the 
latter we dissolve the pp.in HNO,Aq, add excess 
of a nitrio solation of molybdate of ammonia, 
and allow to stand at 40°C. All the phosphoric 
aoid comes down gradually as a yellow powdery 
pp. of phospho-molybdate of ammonia, insoluble 
in excess of reagent, but soluble in excess of 
acid phosphate; soluble in ammonia. Both re¬ 
actions are very delicate, and, in the absence of 
arsenic acid (which in the circumstances be¬ 
haves liko phosphoric), highly characteristic. 
Phosphates in any other state of combination 
can bo brought into tho orthophosphato form 
•>y suitable operations. II. Meta - and pyro¬ 
phosphates (which besides being different in their 
own reactions from orthophosphates, exhibit 
anomalous metal-reactions); by long-continued 
boiling with mineral acids, or (what is better) 
fusion with carbonate of alkali. III. Elemen¬ 
tary phosphorus, and all oxidisablo phosphorus 
compounds; by treatment with HNO ; ,Aq of the 
proper strength at the proper temperature. 
Many organic phosphorus compounds, it is 
true, cannot be thus completely oxidised, but in 
their case, we need only neutralise the nitric 
liquor produced with potash, evaporate to dry¬ 
ness, and fuse the residue with KOII, to convert 
all the phosphorus into orthophosphate. 

Su 1 pli ur.—Analytically speaking, sulphuric 
acid is to sulphur what orthophosplioric acid is 
to phosphorus. I. Sulphates, in an aqueous or 
IICl solution, are separated out completely by 
llaCLAq, as white, powdery, BaS0 4 , insoluble in 
aqueous mineral acids, and thus distinguished 
from all the baryta-pps., except the selcnatc and 
fluosilicate. BaSe0 4 is decomposed by boiling 
HClAq with fornnttion of Cl and SeO v ., while 
KaS0 4 is not so decomposed. The fluosilicate 
yields no sulphide on fusion with Na 2 C0 3 on 
charcoal; and dissolved fluosilicates give no pp. 
with SrCLAq, while sulphates yield a pp. of 
SrS0 4 , slightly soluble in dilute acids. II. Acid- 
insoluble sulphates are disintegrated by fusion 
with alkaline carbonate, and treatment with 
water; a solution of alkaline sulphate, and a 
residue of the respective carbonate, oxide, or 
metal, are obtained. III. Metallic sulphides .— 
Many are decomposed by HClAq with evolution 
of H Z S. IV. The salts of the lower sulphur 
acids, when heated (in solution) with alkaline 
permanganate are completely oxidised with ppn. 
of manganitc, Mn0 2 .R,0. The excess of oxidant 
used is brought into the same form by addition 
of a few drops of alcohol. The filtrate contains 
all the sulphur as sulphate. Only dithionic 
acid does not yield readily to this process of 
oxidation. All the sulphur compounds III. and 
IV., including dithionates, and many organic 
sulphur compounds, are oxidised completely by 
hot, sufficiently cone. IINO s Aq. Volatile com¬ 
pounds (such as CS,.) must be manipulated in 
a sealed glass tube. From some organic bodies 
only sulphonio acids are produced; but these, 
when fused with KOH and KNO, all yield up 
their sulphur as sulphate. 

All oxidisable sulphur compounds fcre com¬ 
pletely oxidised to sulphates by the action of 
basic reagents (like Na 2 CO„ CaO, &o.), and KNO„ 
or even oxygen-gas, at a red heat. All non¬ 
volatile sulphur compounds yield alkaline 


sulphide when fused with Na 2 CO, on charcoal in 
the reducing flame (v. Flame Tests). 

Selenion and Tellurium are closely 
allied to sulphur, but must be passed over. 

Nitrogen, in all states of combination, is 
susceptible of elimination as nitrogen gas, 
recognisable by the methods of gas-analysis. 
Another less general, yet widely applicable and 
more convenient, method is based upon the 
conversion of the clement into ammonia. 

I. Ammonia ; -ccognisablc by its smell, its 
great solubility in water, its ready union with 
IIC1 to form solid NH 4 C1, <fcc. The least traces 
of NJI 3 , or Nil, salt in water, are detected by 
Nesslcr’s reagent (a solution of Hgl 2 and KI 
in KOHAq) ; iodide of mercurammonium 
separates from moderately dilute solutions, as a 
brown pp., and even in the most dilute solutions 
is visible as a brown or yellow colour. II. 
Ammonia salts ; many amides (including all 
acid-amides) when distilled with caustic alkali, 
yiold NH 3 which passes into tho distillate. III. 
Nitrates and nitrites in alkaline solutions are 
reduced by nascent hydrogen (KOHAq and Al) to 
NH 3 . IV. Metallic nitrides, and all organic 
nitrogen compounds not containing their nitrogen 
in tho form of oxygenated radicles or in the 
diazo-form, when burnt with soda lime yield 
their N as NII 3 . 

Fluorine. Most metallic fluorides, when 
treated (as powders) with cone. ILSO.Aq in a 
platinum crucible at a gentle heat, give off HF, 
recognisable by its etching glass and even rock- 
crystal. For the purpose of metal-detection, the 
mass must be evaporated until o. tangible quantity 
of sulphuric acid has gone off as a heavy vapour. 
The bases remain as sulphates. 

Mixtures of fluorides and silicates, when 
heated witli cone. H 2 S0 4 Aq give off SiF 4 , decom¬ 
posed by water into H 2 SiF 6 Aq and a gelatinous 
pp. of Si0 2 , which, however, may be invisible. 
To detect the fluorine, add excess of ammonia 
to bring down all the silicon as silica (which 
filter off), and evaporato the filtrate in platinum 
on a water-bath nearly to dryness, llesidue is 
fluoride of ammonium. 

Fluosilicates. Those of the most basylous 
metals when heated dry break up into SiF 4 and 
a residue of fluoride. Fluosilicates generally 
behave to boiling alkali solutions as if the silicon 
wore a basylous metal. 

The Halogens (Cl, Br, I). I. The elemen¬ 
tary substav-ccs are recognised by their very 
characteristic properties. When treated with 
zinc and water, they all dissolve as haloid salts of 
zinc (ZnCL, &o.). II. Haloid sails ; mostly 
dissolve in water or in HNO s Aq. Even from 
tho latter solution the halogen is completely 
ppd. as haloid salt of silver, insoluble in dilute 
mineral acid. III. The oxygen acids of th$ 
halogens. (Periodic acid ignored.) Of these 
only bromic and iodic give silver pps. insoluble 
(or solublo with difficulty) in cold,dilute,HNOjAq. 
All the rest form soluble silver salts. Theft 
alkali and alkaline-earth salts when heated dry 
give off oxygen and become haloid salts. With 
the only exception of perchloric acid they are 
all reduced by SCXjAq to halogen-hydride (e.g. 
HCIO, to HC1). Hence an obvious IV. Re¬ 
latively general method for the detection of 
halogen in a solution of salts . The solution 



(-Wei we win kisame to ba neutral or add) fit 
mixed with excess of 80,Aq and AgNO,Aq, the 
PPj is allowed to form, and then treated with 
HNOjAq, to remove foreign salts (including 
A&80, which is not very readily dissolved). The 
pp. contains all the halogen of the solution, 
(except that of the perchlorio acid); but it may 
besides contain—if it does notconsistof—cyanide, 
thio-cyanate, and nietallo-cyanates, of silver, 
(not to mention the sujphide which is easily kept 
out). An analysis can be effected by calcining 
the dry pp. with chemically pure soda-lime, 
preferably in a current of moist hydrogen. The 
nitrogen of the cyanogen radicles goes off as 
ammonia, which is easily identified. The 
residual product contains the metals of the 
metallo-cyanates as oxides, the silver as metal, 
the sulphur ot the sulphocyanogcn as alkaline 
sulphide, and the halogens as alkaline haloids. 
V. Organic halogen compounds. All these, 
when burnt with quick lime in a combustion 
tube, yield up their halogen as haloid salt of 
caloium, extractable by cold, dilute, HNO,Aq. 

III. Methods for the Systematic Examination of 
a Solution of Salts for its Metals 

can be given only on the basis of restrictive 
assumptions. We assume, in the outset at least, 
that the solution is so constituted that it might 
have been prepared by dissolving a set of basic 
or acid metallic oxides in aqueous mineral acid 
or alkali, and that certain rare oxides and 
certain rare combinations of things are absent. 
Some of the cases lying beyond this programme 
are dealt with in appended notes to which refer¬ 
ence is made in the context. For the sake of 
generality, however, wc assume that all the more 
ordinary metallic radicles may bo present. It 
evidently would not do to search for them indi¬ 
vidually and seriatim; the only course one could 
reasonably think of is to begin by splitting up 
the given complex group of metals into a number 
of groups, so that each of these shall contain the 
whole of, and nothing but, certain metals, A, B, 
C, . . .j to then apply the same principle to the 
groups; and then to the groups of the second 
order; and so on until one arrives at last at 
either the individual metals, or at groups of such 
smallness that the side-by-side recognition of 
their members offers no difficulty. This, at any 
rate, is the course which is adopted by every 
chemist. The table on p. 221 in its first vertical 
oolumn names the generic reagents which are 
customarily used for tho formation of primary 
groups, and shows how these act on solutions of 
the groups of oxides named in tho successive 
column headings. For the separation of tho 
groups from one another it i%obviously expedient 
to begin by eliminating the silver group by 
means of hydrochloric acid, which must be added 
in instalments until the solution is decidedly 
acid, and, if a permanent pp. appears (which 
withus can consist only of these three chlorides), 
until the ppo. is completed.' Thepp. contains 

contains Ti, the metal paeaca for the 
most part Into the pp., where it is easily hv 

ShbJide^nTSo A The *Jaracteri«tio solubility of ito 
rmnp chloride. For tiro puapoae oTameremeiuoaljit. 


.* av * mewuwwia M Agffl and 
Hg,CIp bat only part (If any) of thelaad; a small 
quantity of this metal always passing Into tbs 
filtrate. From the filtrate the copper and anenio 
groups are ppd. o on jointly by means of sulphu¬ 
retted hydrogen. Before applying this reagent, 
however, we must make sure of the at least 
relative absence of nitrous, nitric, and chlorio, 
acid and other oxidising agents, which, while 
not easily or completely reducible by 11,8 would 
at least tend to oxidise it and impede its normal 
action. Any of the three oxidants named can 
be expelled by repeated evaporation to a small 
volume with cone, hydrochloric acid. 3 The 
last residue is diluted with the proper propor¬ 
tion of water, and (heedless of any insoluble 
oxychloride that may separate out) treated with 
sulphuretted hydrogen, first at about 70° to 
make sure that As 2 0 3 is completely reduced 
to As,0 3 i and its metal ppd. (as ASaS. + SJ, 
and then again after cooling, or else part at 
least of the cadmium and other copper-arsenio 
group metals, whose sulphides are rather 
unstable in opposition to aqueous acids, would 
escape ppn. 

On account of the metals just referred to, 
wo must see that the quantity of free mineral 
acid is not excessive, but is sufficient to prevent 
tlie ppn. of tho zinc, which from only feebly 
acid solutions is liable to pass into the sul¬ 
phuretted hydrogen pp. 

The ppd. sulphides are collected on a 
filter and washed with very dilute sulphuretted 
hydrogen water, to constantly re-sulphurise 
what may have become sulphate by tho action 
of the air; the first instalments of wash-water 
being acidified to the extent of the mother 
liquor, to prevent ppn. of Jho zinc. In order 
now to separate the two groups, the pp. is 
digested on a water-bath heat with undiluted 
yellow sulphide of ammonium; an excess of 
sulphur in this reagent being necessary, chiefly 
on account of tho stannous sulphide, SnS, 
which becomes soluble only through conversion 
into stannic, SnS 2 . To effect a complete sepa¬ 
ration, tho treatment with sulphide of ammo¬ 
nium may have to be repeated with the first 
residue. Tho copper-group sulphides are filtered 
off and washed with warm water mixed with a 
little sulphide of ammonium. From the filtrate 
the arsenic-group sulphides are reproduced by 
acidification with dilute sulphuric acid;- after 
expulsion of the dissolved sulphuretted hydrogen 
by a gentle heat, they are filtered off, and 
washed with plain water (sulphuretted hydrogen 
water would dissolve sulphide of arsenic As 2 S 3 ), 
Tho pp, is liable to bo contaminated with 
sulphide of copper; this can be eliminated by 
treatment with warm dilute caustic potash, 
which dissolves the arsenic-group sulphide# 

a pretty safe rule Is this. If a solution on adding HClAa 
Svn a 11 Qh . n # ormaI 'looklng pp., repeat the experiment with 
JIJNOjAq 5 if no permanent pp. is produced, HClAa will 
act normally as a chloride; If a pp. Is formed. It moat be 
filtered off and analysed for the metals that may be In it, 
(as sulphides, e.g. As.8,; or chlorides such as AgOI, &o„ 

SMras? 4 ru "- now flt lor tre * tmeutw!t “ 

nnli n .f e . v “ por “ t !! lg • of mattlllo oxide, with 

it Is a* well to remember the volatility of A»6L. 
U*!®!-, ? bC “ , 6n p*‘' J IC1 » Tho ev#por»tlon la hm« coo! 

“.rX: “ nd theM T 0 l *ti!e chlgridea an lurch'd 
tor In the distil ute. 




• Ao.0, only tbcj slowly precipitated la the cold (more readily when heated), as As^+3, t SnS insoluble in oolonrloss (NH.),S; bat soluble, as SnS, in yellow (Nii,),SA» 





















.323 


ANALYSIS. 


only. From the filtrate, these sblphidcs can be 
recovered by acidification, in their original 
tom. After elimination of the copper and 
arsenio groups, the barium-group may be sepa¬ 
rated out by means of sulphuric acid. The 
barium oomes down at once (as BaSO,), the 
Strontium gradually, on standing and keeping 
warm. From the filtrate from these two sul¬ 
phates the calcium can be ppd., after due con¬ 
centration, by judieiops addition of alcohol, 
and allowing to stand for, say, 12 hours. Tho 
calcium sulphate is filtereef off and washed, 
first with dilute, and lastly with strong, alcohol. 
The filtrate, after removal of the alcohol, is 
ready for the elimination of tho iron-group, &o. 
This method is the best that can be adopted if 
an analysis for the barium-group metals is our 
principal object; it also offers certain other 
specific advantages; yet the majority of chemists 
prefer (after application of sulphuretted hydro¬ 
gen in the presence of acid) at once to separate 
out the iron-group, by means of sulphide of 
ammonium. The addition of this precipitant 
must of course be preceded by the neutralisation 
of the free mineral aoid of tho solution with 
ammonia; if a sufficiency of sal-ammoniac is 
not thus produced incidentally, some sal-am¬ 
moniac must be added, to bring the pp. into a 
fit condition for filtration. But we havo no 
space for these technicalities, and accordingly 
assume the pp. to havo been filtered off and 
washed with warm water mixed with some sul¬ 
phide of ammonium, so as to remove the whole 
of the mother-liquor. This liquor, by theory, 
contains the whole, in practice it may be as¬ 
sumed in general to contain the bulk, of tho 
barium-group metals and of the magnesium, in 
addition to the whole of tho alkalis. For its 
analysis, the barium-group is ppd. by means 
of carbonate of ammonia added to a warm solu¬ 
tion. In the presence of ammonia-salts, of 
which as a rule there is moro than enough, 
only the barium-group metals are ppd. as 
oarbonates; tho pp. is collected on a filter, and 
washed with hot water. Part of tho filtrate 
serves for the detection of magnesia by means 
of ammonium phosphate. The rest of the 
filtrate is evaporated to dryness, and the residue 
calcined. The ammonium-salts volatiliso, or at 
least their ammonia does, and there remains a 
residue containing only magnesium and alkali- 
metals, which latter can be detected without 
elimination of the magnesium by suitable 
methods. 

In regard to the analysis of the groups, our 
6 pace does not permit us to do more than 
shortly indicate how the sulphide of ammonium 
pp. (which may bo of very complex composition), 
can be split up into minor groups. Before doing 
so, let us state that in the presence of representa¬ 
tives of a certain group of acids which includes 
HjV0„HF,H j B 0 3 , and certain organic acids, e.g. 
oxalic, the pp. is liable to contain part, or all that 
there is, of barium-group metals and of magne¬ 
sium, as salts of the acids named. A thoughtful 
analyst takes caro to keep these inconvenient 
acids out of tho solution; but tho introduction 
of phosphoric acid is often unavoidable, and wo 
therefore assumo it to be present. Whether this 
acid is present or not, the cobalt and nickel 
tan be eliminated, approximately at least, by 


treatment of the pp. with cold, dilate 1 HClAq, 
and removed by filtration. The filtrate is next 
tested for iron, best by adding a few granule* 
of chlorate of potash and boiling, when the iron 
assumes the form of feme salt, and becomes 
visible by the intense yellow colour of its hot 
hydrochloric solution, and at the same time 
assumes tho right form for the next step, which 
aims at a separation of the metals present as 
Fo s Cl t , A1 2 C1 s , Cr .Cl,, and the phosphates, from 
tho metals (manganese, zino, Ac.) present as 
dichloridos. Of tho various methods which we 
have for their separation, tho most convenient 
for general purposes is tho following;— 

After having made sure of the complete 
reduction of the manganese (Mn s Cl„) to man¬ 
ganous chloride by sufficient boiling with hydro¬ 
chloric aoid, we allow to cool, dilute pretty 
considerably, and next add (sal-ammoniao if 
necessary, and) ammonia, drop by drop, until 
tho mixture is alkaline. Wo then (without 
losing time and giving tho oxide of manganese 
much chance to get per-oxidised), boil until 
tho vapours cease to smell of ammonia, and 
filter. The pp. contains all the iron, alu¬ 
minium, and chromium, and all tho phosphorio 
acid as lime-salt, or in other forms; the filtrate 
contains at least part of the zino, manganese, 
and in general part of the rest of the protoxides. 
If tho sesquioxide-pp. is bulky, it must bo re¬ 
dissolved (after a few washings) and re-produced 
by a repetition of tho first operation. From tho 
protoxide filtrate, tho zinc, after acidification 
with acctio acid, can be ppd. pure by fractional 
ppn. with sulphuretted hydrogen-water in the 
cold. The manganoso, traces of nickel and 
cobalt, and in general much lime, baryta, and 
strontia, remain dissolved. . 

The sesguioxides- pp. 1 (if chromium be pre- 

1 The cobalt-nickel pp. never contains the whole of these 
metals; part passes into Eolution, and ultimately finds its 
way into tho ‘ protoxulefiltrate.' In addition to its normal 
components It is liable to contain sulphide of zinc, and 
perhaps traces of other iron-group metals, and any 
cadmium, autimony, Ac., that may have been allowed to 
slip into the filtrate from the sulphuretted hydrogen pp. 

3 If tho solution contains uranium, this, in our scheme 
of analysis, goes with the iron, and consequently has to be 
looked for in the sesquioxide pp.; from which it can bo ex¬ 
tracted by digestion with warm, concentrated, solution of 
carbonate of ammonia. To pass now to a number of rare 
metals, which we havo so far entirely ignored: 

Palladium, in our system, belongs to the copper-group. 
It is characterised chiefly by the utter insolubility and 
black colour of Its iodide. 

Platinum and gold go into tho arsenio group; only the 
sulphides are not easily soluble In alkaline sulphides. In 
almost all practical cases they can bo kept outside the 
solution intended for the detection of the metals by suit¬ 
able methods. If they are unavoidably present, they are 
best separated out; the gold by ferrous chloride (&« 
metal); the platinum, by means of solid sal-ammoniao 
added to the concentrated solution, os PtCl.(NH 4 ),, which 
must be washed with the least possible quantity of a solu¬ 
tion of the precipitant. 

Titanium t as TiO„ In the analyst’s sense stands 
between Sl6, and A1,0,. In our system it goes with tha 

Al a O,- 

Beryllium behaves to our group-reagents like Al t O„ but 
it is far more easily soluble in sal-ammoniac than alnmlna 
is. Unlike it, it dissolves in carbonate of ammonia, and 
docs not form an alum. 

The rare earth metals, cerium, lanthanum, die., &o. f must 
all be passed over here. 

Lithium (easily detected by spectrum analysis) behaves 
on the whole like K and Na, but unlllre them forms au 
insoluble phosphate producible by evaporating Its solution 
with phosphate of soda plus caustic soda (i*. withNa-PO*), 
to dryness, and treating tho residue with water, when It 
remains. From magnesia (if ammonia salts are absent) It 
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cent) is best analysed by fusion with canstio 
potash and nitre in a silver dish, and treatment 
of the fused mass with water. Should the 
solution be green from manganate, this must be 
reduoed (to Mn(X) by addition of a few drops of 
alcohol and heating. The mixture is then 
filtered. The filtrate contains the chromium as 
(yellow) chromate, the aluminium as aluminate, 
and part, in general, of the phosphoric acid os 
phosphate. The residue contains oxide of iron, 
magnesia (MgO), and possibly barium-group 
metals as phosphates. 

The Determination of the Non- 
Metallic Components.—Owe systematic 
methods for the detection of tho metals con¬ 
tained in a solution of salts are far less ham¬ 
pered by onerous conditions than aro most of 
our methods of acid detection. Hence the 
general rule to first complete tho analysis for 
metals before attempting tho systematic and 
exhaustive search for tho non-metallio compo¬ 
nents. How far the solutions obtained in the 
disintegrations are available for tho latter 
purpose, and tho respective methods of proce¬ 
dure generally, depend chiefly upon whether 
we merely aim at the detection of the non- 
metallic elements as such or at that of the acid 
radicles contained in the substance. All wo 
could say in regard to tho former caso is antici¬ 
pated in the section on the ‘ Detection of 
certain elements, <£ c.’ (p.217) and the latter 
is not susceptiblo of being treated instructively 
in general terms. In regard to it we must refer 
to the special hand-books. 

Quantitative Analtsis. 

The general problem of quantitative analysis 
defines itself. Its, solution, scientifically at 
least, assumes its simplest form, if the thing to 
be analysed is given as a free substance and the 
(let us say one) component to be determined can 
be separated out exhaustively in the form in 
which it is meant to bo reported. In such a 
case all that is required, in addition to tho 
analysis proper, is tho numerical definition of 
the two quantities concerned. Of the several 
direct methods which wa have for this purpose, 
only two need be mentioned; one is to measure 
the volume of tho body under stated conditions 
of temperature and pressure, tho other is to de¬ 
termine its weight. The former method is 
confined in practice to gases and liquids; the 
latter is applicable, and indeed is applied, to 
bodies of all kinds, and, when we have choice, 
applied preferably. The volume of a body is a 
function of temperature and pressure, and its 
numerical statement is consequently encumbered 
with the necessary reference to—in general- 
two corresponding standards; the weight of a 
given body depends only on the intensity of 
gravity, and oven this variable in praotico is out 
of court, because, in chemistry we always use 
that well-known method of relative weighing 
which measures the weight of the body not in 
terms of a unit-force but as a multiple of the 
weight, at the time and place, of an adopted 
standard mass, viz. the unit-piece of otr set of 

U separated by solution of baryta la a warm liquid which 
pps. only the magnesium as Mg(OH),. 

Rubidium and cteiium, ia any scheme of analysis, follow 
potassium to the end. 


weights. The result of such s weighing is inde¬ 
pendent of the prevailing force of gravity, and 
consequently not subject to any variation; it 
consequently, at least, indexes the mass with 
perfect definiteness. We, moreover, know that 
it is independent of any chemical change within 
the body (or set of bodies) weighed. A mass of, 
for instance, sulphide of copper weighs precisely 
as much as tho two components did conjointly. 
Hence for chemical purposes our method of 
weighing might safely bo Viewed as a method of 
true mass-measurement, even if Newton had not 
proved that equal weights (chemically deter¬ 
mined) correspond to equal inertias. 

Tho method of direct quantitative analysis 
explained is tho only one which suggests itself 
when the component to bo determined is a 
chemically indefinite mixture (such as for 
instance the mixture of salts contained in a 
natural water); it applies to a good many other 
cases; but of course breaks down whenever the 
body to bo determined is an imaginary radicle 
such as SO, or CIO,, &e. In such cases (and 
many others as a matter of expediency) we 
determine the component by one or other of our 
indirect methods of mass measurements; which, 
however, all come to this, that instead of the 
unknown mass a, we measure some other quan¬ 
tity q, which bears to a a known fixed relation, 
x--f (q, ni), where m is a mass which must be 
measured directly, although the analyst does not 
always do this at the time, or himself at all. 

Most of our determinations in analysis are 
uncertain by at least 0-001 of their values, and 
a higher degree of relative precision is afforded 
by any fair ordinary balance. But tho nature 
of our methods compels us, in general, to work 
on small quantities—wo rarely care to start 
with more than one gram of a given solid— 
and besides the products to bo weighed can in 
most cases not bo placed on the bare pan, but 
must be shut up in apparatus weighing perhaps 
100 or 1000 times as much as themselves. The 
net weight then comes to us only as a small 
difference between two largo weights directly 
determined. So it comes that even for the ordi¬ 
nary routine of quantitative analysis, we need a 
balance which to be generally useful should 
carry about 100 grams on each side, and with 
this charge turn distinctly with anything greater 
than, say, 0'2 milligrams. 

The Chemical Balance. 1 

In its present form the chemical balance is 
nothing more than a refinement upon the ordi¬ 
nary beam.and scales to be seen in any grocer’s 
shop; it is a moro perfect realisation of the 
same ideal machine. There is an absolutely 
rigid beam, suspend'd so that whilo it osoillates 
freely about a certain axis, every point of which 
is fixed in reference- to tho stand, it cannot per¬ 
form any other motion. From two points 
which lie in the same plane with the axis of 
rotation—one a near the left, the other b neqr 
the right, end,—tho pans are suspended by 
means of absolutely flexible linear strings, k 
and B aro equidistant from the axis of rotation. 
The form of the (ideal) beam is arbitrary; so in 

1 Partly abstracted from the writer's memoir: Ueber 
die Waaoe dea Chemiken (ZtUschrift/Ur ItutrumenUniuncU, 
1881, 313 €t MflO* 
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a sense Is lti mui, which, however, must be so 
- distributed that, supposing the line A B to be 
horizontal, the centre of gravity of the empty 
beam lies vertically below, though very near, 
the axis of rotation. Let us at once add that in 
the actual instrument the weight of the beam 
Bhould be no greater than is necessary to ensure 
to it sufficient stability of form in all circum¬ 
stances, because the greater the weight of the 
beam, the greater (cat. par.) tho friction in the 
axis of rotation, anS the greater tho time of 
vibration. 

Of tho difficulties involved in realising the 
ideal machine, that of producing a light and yet 
practically inflexible beam seems to have restod 
most heavily upon the minds of the earlier 
makers; but there can be no doubt that many 
of their efforts in this direction (which occasion¬ 
ally resulted in what we should now call fan¬ 
tastical beam forms, such as hollow ellipsoids or 
double cones, monstrous skeleton forms, Ac.) 
must be traced baok to their inability to reach 
a sufficient degree of precision in the geometric 
adjustment of the three pivots, and their thus 
charging against the flexibility of the beam what 
was really owing to these defects in the adjust¬ 
ment. As these difficulties were overcome, beams 
assumed less fantastic forms, tiaerd, of Brussels, 
we believe, never uses any but plain rod-shaped 
beams for even his finest instruments; most 
balance-makers, however, prefer the form of a 
largely perforated rhombus or flat isosceles . 
triangle; and thereby attain all that is needful j 
even for the best instruments without offending \ 
the eye by unduly stretching the maximum see- i 
tion, or without using anything more rigid, 
intrinsically, than hammered brass or some 
kind of hard bronze. 1 

In all modern balances the axis of rotation 
Is sought to be realised in a straight Xnife-edgo 
ground to a prism of hard material, which is 
firmly fixed to the beam traversing it cross-wise, 
and rests—in the best balances along its entire 
length - on a horizontal, plane, (andequally hard) 
bearing fixed to the stand. The arrestment is so 
c&ntrived that, besides doing its primary duty.it 
secures to each point of the knife-edge a fixed 
position on its bearing whenever the balance 
works. In former times both bearings and knives 
used to be made of hard steel ; subsequently 
agate bearings came to be combined with steel 
edges, and this is still the most popular com¬ 
bination; although llobinson long ago introduced 
agate knives in conjunction with agate bearings. 
The agate knife adds nothing to the precision 
or mechanical durability, but for laboratory 
balances offers the great advantage of rendering 
tho system proof against acid-vapours; accord¬ 
ingly it is gaining more and more in popularity. 
Quite lately an American has introduced as a 
material for both knives and bearings that very 
hard (and acid-proof) alloy of osmium and iridium 
which is used for tho tipping of stylograph 
•pens. 

The point pivots, A and b, used to bo realised 
visibly by mdans of two oircular knives fixed to 
the end of tho beam so that their working-edges 
were parallel to the axis of rotation. From the 

1 For farther information regarding thl« question wo 
Mter to the writer’s memoir quoted in footnote to p. 228. 


lowest point*, the panswarssOspended by meaui 
pf f shaped hooks of steel wire. In this way 
a very high degree of precision can be attained, 
and the system when well executed is more 
durable than one would think, but with balances 
used for heavy oharges it cannot possibly last 
for many years. 

In the better system introduced by Robinson 
of London half a century ago each extremity of 
the beam is provided with a knife-edge similar 
to the central one (except that it is turned up¬ 
wards) ; on each knife-edge rests a stirrup-shaped 
(or J-sbapod) contrivance, terminating in a ring 
below, and from this ring the pan is suspended 
by a hook. This, of course, comes to the same 
as if the pan were suspended from the projection 
of the working point of the hook-and-eye arrange¬ 
ment on the respective knife-edge ; so that the 
latter need not be absolutely parallel to the axis 
of rotation. Flat ond-bearings demand a some¬ 
what cumbrous and expensive appendage to the 
arrestment to seoure to each point of every edge 
a fixed position on its bearing in tho working in¬ 
strument. Henoe Staudinger, and many others, 
prefer to combino (long) end-knives with roof¬ 
shaped bearings, which, in virtue of their shape, 
fall into their prescribed positions without 
external aid. 

In now passing from fundamentally impor¬ 
tant to subsidiary points, the arrestment ought 
to be taken up first; but we could not possibly 
do justice to this (practically all-important) sub¬ 
ject without workman-like drawings and lengthy 
descriptions. We therefore pass on at once to 
the needle which serves to define the position of 
the beam in reference to tho plumb-line. 

In the precision-balance the needle is made 
to point downwards towards a scale fixed to the 
lowest convenient point of the pillar. The zero- 
point defines the ‘normal position ’ of tho beam, 
i.e. that position in which its centre of gravity 
lie3 vertically below the axis of rotation. The 
I scale is so divided that the radii drawn from the 
axis of rotation through the marks divide the 
tangent to the circle described by tho oscillating 
needle, at the zero point, into pieces of equal 
length, which in most practical cases means 
into degrees of equal angular value. 

To avoid the use of small weights, each arm 
of tho beam, in most balances, is divided into 
ten equal parts in the sense that the projections 
of the marks on tho line a u connecting the two 
point-pivots divide tho distance from the 
central pivot to (say) n into ten equal parts. A. 
rider weighing ten mgrns., when suspended (fit 
mark 1, 2, 3, &e., acts like 1, 2, 3, Ac., ragms. 
placed on the pan. In most balances, however, 
points 0 and 10 are inaccessible. Becker’s 
Hons, of Rotterdam, avoid this inconvenience by 
dividing each arm into twelve equal parts, and 
providing a rider of twelve mgms. weight. Some 
makers make the top bar of their beams straight, 
and exactly parallel to the piano of the three 
pivots, and let it project beyond tho terminal 
edges, besides keeping it clear of encumbranoos, 
so that the rider can move freely from one end 
of the beam tu the other. This system, besides 
its obvious advantages, admits* of the nse of 
heavier riders ; because the increase in sensibility 
caused by tho prosenee of the rider is the same 
at any position which it may havej only the 
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rider ia snoh o&sse mart be counted part end 
parcel oi the instrument * 1 

In proceeding now to develop the statical 
theory oi the preoision-balanoe we will assume, 
for a first approximation, that the throe pivots 
ore physically and geometrically perfect in 
themselves, but, for the sake of greater gene¬ 
rality, wo will not assume that the knives are 
exactly in their intended positions. Imagine a 
system of rectangular co-ordinates fixed to the 
beam so that, while the z-axis coincides with 
the axis of rotation, the x-axis goes through the 
centre of tho middle knife, and runs parallel to 
tho line A b which joins the two point-pivots. 
Let tho oo-ordinates of a and b, of tho centro 
of gravity s„ of tho empty beam, and of a certain 
point o to bo defined presently, be as follows: 

A li s„ 0 

z = -V +!" o x „ 

V= +h* +h* s„ y. 

Let p' denoto the total ohargo from A, r" 
that from B, and w„ the weight of the empty 
beam; tho joint effect of these three weights is 
the samo as if thoy wero all concentrated in some 
point o at x = x c and y-y„. For calculating 
purposes wo may assume gravity in one case I. to 
act in tho direction of tho v-axis, and in a second 
II. in the direction of tho x-axis; we then have : 
(Case I.) . p'' V - p' V = (p' + p" + w 0 )a; 0 . I. 
(Case IX.) (p' + p ")h + w 0 s 0 =* 

(p' + p"+ w)(p' + p" + w 0 )f / 0 . II. 

In any sensibly constructed balance things 
are so arranged that, under all circumstances 
that come into practical consideration, tho 
centro of gravity o of the whole system lies 
outside and below tlio axis of rotation (i.e. that 
y 0 >o). Assuming both x 0 and y 0 to have 
positive values, and the beam to be left to 
itself in its normal position, it will turn, and 
tend to assume that position in which o lies 
vertically below the axis of rotation. Tho radius 
oc then describes an angle equal to that which 
separates oo from tho Y-axis, and obviously, 

, p'T— v'l' 

tan -°“y, - (B' + p'')kwA • ' IIL 

To bring the equation into a handier form 
for our purposes, let us separate p' and p" into 
parts, thus; and p" = p' 0 +l>" where 

the j> 0 s stand for the weights of tho empty 
pans, which are always so adjusted that 
l\"l "; let us then lump with tho weight 

of tho beam as w = w„ +_p' 0 +jp"o and write 
p'T-p'V 

tan-a= (p , '+p"j+TO • • • 

where s 1ms an obvious meaniog. We then 
have for x„ tho equation 

pf'l''-p'l' = (o'+p" + w)as 0 . 

This equation may be said to state tho theory 
of the ordinary method of weighing. To find 
the weight p' of a giveu body we place it on the 
left pan, and then try heavier and lighter com¬ 
binations of standards on the right, until we 
have found out that one (representing p" 
grams) which reduces x „ to nothing, so that tho 
balance is at rest at, or it vibrates about, its 

v"l" 

normal position. We then hava 
1 Tor more exnot information see the writer's memoir, 

page SS8. 

• + means 1 below 
Von. I. 


In formulating the relation between a small 
overweight on one Bide and the corresponding 
angle of derivation a, we may take V = i" (as it 
really is very nearly in all well-adjusted balances), 
and (for ami ii‘ ~p t A) write 
Af ' 


tan. a = 


IV. 


VI. 


VII. 


ws + 2 ph 

where a means tho angle through which the 
position of rest turns in consequence of the 
addition of A units of weight to the right pan, 
the charge before Imving been x=p on each 
side. 

In practice tan. a is measured in degrees of 
the scale. Supposing a corresponds to it degroes 
of the scale, and tho index-length is J in 
degrees, wo have 

* - . v 
j ws + 2 ph 

Tho ratio i defines the sensibility of the 
balance; we have for it 

„ „ _» _ l J_ 

A ws + 2 ph 
and for its reciprocal,— , the weight-value of 

E 

1 ° of tho scale, 

1 _ ws + 2 ph 
E l J 

For h = 0 , tho term 2 ph vanishes, and the 
sensibility becomes independent of tho charge. 
In the actual instrument h is a function of the 
charge, of the form h = h Q + f}p, where j 8 is a 
small constant depending on the coeilicicnt of 
elasticity and tho configuration of the beam. 
For a given charge, a good maker has no 
difficulty in bringing h down to less than ± O'Ol 
mm. The bost instruments are so adjusted that, 
for a certain medium charge, 7i = 0, so that for 
p = 0 it has a small negative, and from p = 
maximum chargo a small positive, value. The 
relative change in tho sensibility involved in 
passing from ^> = 0 to p-p, is shown by the. 
equation 

k~‘ — f. 0 ~* _ 2 ph 

Eg - * WS 

and consequently is the less (act. par.), the 
greater s, i.e. the less tho initial sensibility, 
b 0 . It (i.e. the left side of our equation) comes 
to its minimum (assuming p to represent the 
maximum charge) if the balance is so adjusted 
that, for the charge 0’83 p, h-^0. Supposing 
this rule to be generally adopted, the relative 
inconstancy of the sensibility is independent 
of tho arm-length (see tho writer’s memoir, 
p. 318). 

No balance is complete without a' gravity- 
bob,’ a small button or sphere of metal attached 
to a wire which stands vertical oil tho top of 
the beam (in tho Y-axis) so that it can be 
screwed up and down into any position. Matters 
are arranged so that when the bob js quite 
down the sensibility is below the lo\vJst value 
we care for, while, by screwing up thejbb to its 
highest place, we cau bring C intjft afaflf e ven a 
little to the wrong side of, the axiifiJKtotion. 
Hence it would appear that, by screwn^ip the 
bob sufficiently we con get our balance to turn 
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visibly with say 0 001 milligram or anything 
less that we might care to name. So indeed it 
would be if our fundamental assumptions could 
be—and were—realised. In practice, however, 
the knife edges are not absolutely straight nor 
the bearings absolutely plane, and neither arc 
absolutely rigid. Ilenco tho three axes, instead 
of being always at x = 4, o, n respectively, bo to 
say oscillate irregularly, each from z-A to 
a + A, where x is tho theoretical x. In going 
more fully into the flatter we see that as a con¬ 
sequence the balance at a given charge (say 
left; p right) is in a state of indifferent equili- 
rium within a small angle ± j8, which, of course, 
is tho greater the greater is e. But the weight- 
value e of this angle is constant, and is governed 
by some equation like 

*=—(w + 2p) 

where ‘ A ’ is meant to lump the joint effect of 
the three As previously referred to. f may 
be called the ‘ inherent error ’ of the balance. 
There is obviously no use in screwing up the 
bob any further than necessary to render this e 
(i.c. angle /3) distinctly visible. It may be in¬ 
expedient even to go so far, because, in practice, 
we never aim at tho absolutely true weight, but 
at a value sure to differ from it by no more than 
say ±0T mgm. The angle corresponding to 
this need not be more than distinctly visible. 
To make the angle greater than necessary 
needlessly adds to tho time of vibration which 
may already be inconveniently high. Because 
the time of vibration (t in seconds) is governed 
by the equation 

,,_ v\ fcw,+ 2 ( p,+j>)} vm 

It { w„s 0 + 2(» 0 + y>)/i} 

where II denotes the length of the pendulum 
beating seconds at tho place of observation, 
few/- denotes the momentum inertue of the 
empty beam in reference to the axis of rotation. 
The denominator of eq. VIII. suggests the 
expression given in eq. VII. for tho sensibility 
c. Combining tho two wo have 

{ (kw 0 + 2p„) + 2p J E . . IX. 

The bob enables us to choose our own e or our 
own t (for a named charge), but it docs not 
enable us to choose both. We of course refer to 
a ready-made balance; in the hands of a me¬ 
chanician who designs a balance for a stated 
purpose, l becomes an arbitrary variable, and 
the equation then assumes something like this 
form : 

t‘ = l(c + kbl + 2p)z .X. 

where c and 6 are constants whose meaning is 
aufliciently apparent. In words: Whatever 
(reasonable) value for e may have been fixed 
upon we can bring down t (tor say p = 0) to any 
desired figure by making l sufficiently small. 
But where shall we stop? For high-class 
balances intended to weigh up to 100 grams, 
mechanicians used to draw the line at I = ISO to 
200 mm. Those values (perhaps more by dint of 
habit than on rational grounds) were retained 
until about twenty years ago, whtu P. Bunge, 
of Hamburg, introduced a ne™ i-—* in¬ 


strument, in whioh the ana-length Is reduced 
to some 60 to 65 mm. Thanks to the general 
excellence of Bunge’s work, these short beams 
soon beoame very popular among both ohemists 
and mechanicians; and it therefore is worth 
while to inquire what their specifio advantages 
as Bhort-beam balances amount to. 

For this purpose tho writer, some years ago, 
determined the constants of eq. X. for a very 
excellent Oertling (hectogram) balance, which 
he has in his possession, (its Z = 181 mm.), and, 
taking it as a general model for an imaginary 
genus, calculated the values of t for a number 
of charges and sensibilities, assuming l to be 
equal to (a) 180 mm. and (6) 00 mm. He 
found for 

I. E = 2 degrees of the scale per 1 mgm. 
of over-weight.' 
if Z = 180 mm. CO mm. 

forp=0; t = T-I 3"-C 

The short beam obviously vibrates too fast tor 
high-precision work. To set this right lot us 
screw up the bob on both sides, so as to double 
the sensibility. We now have 

ii. e = 4 degrees per mgm. 
if l = 180 mm. 00 mm. 

tor p — 0; t= 11"'0 5"-2 

asp=30;f= 14"-8 7"-8 

as y> = 100 : f = 21"-2 11"'0 

1-93 2-23 

Tho times of vibration no doubt assume the 
more convenient values in tho shorter beamed 
instrument. But what does this amount to 
practically ? In our opinion not to as much as 
some people seem to think. We arc inclined to 
think that the short beam offers material advan¬ 
tages to those who aro accustomed to the dead¬ 
beat method of weighing (see below). All those 
who prefer the method of vibration will on 
the whole, we think, fare better with the old 
form of the instrument. But this, to be com¬ 
plete, should be provided with the two following 
auxiliary contrivances of the writer’s invention: 

I. An auxiliary small bob 2 attached by 
mere friction to the upper part of the needle, 
which has the form of a triangular prism and 
is (virtually or actually) graduated, so that one 
is able, at a moment’s notice, to give to tho 
weight-value of 1° of the scale any convenient 
pre-determined value, to make it equal to 
exactly 2, 1, 0*5, 0*2 Ac. mgm. as he may please. 

II. A microscopic arrangement 3 for reading 
| the excursions of the needle. A narrow ivory 
i scale, divided into very small degrees, is fixed 
| to the needle near its lower end, so that a micro¬ 
scope which is fixed slantingly to the stand but 
passes through the central (fixed) portion of the 
front pane enables one to read it. Tho micro¬ 
scope has a vertical wjje in its focus; this wire 
appeals as £‘vertical line crossing the image 
of tho scale. Every degree of the micro-scale 
corresponds to exactly 0T degree of the ordinary 
scale, which latter does duty as usual. As the 
microscope reversos the imago, the apparent 
motion of the 1 wire ’ on the micro-scale is in the 

1 the addition of 1 tngm. causes the needle to oscil¬ 
late between 0 and ± 2°; 1° in tho given instrument* 
1 mm. very nearly. 

• Pr. K, 1878 ; C. N. 83, 157. 

■ fdtm instrumentenkunde t 1882, p.C8. 
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same sense as the real motion of the needle in 
reference to the ordinary scale, so that there is 
do fear of blunders through mistaking plus for 
minus. The writer is indebted to Mr. Ocrtling 
for having executed this arrangement for him 
in a most masterly manner. Though intended 
originally to bo reserved for special work, such 
as weight-testing &c., it was found so convenient 
that both tho writer and his assistants use it 
preferably for even their everyday weighings. 
The specific advantage of tho microscope ie that 
it enables one to adjust the ‘bob’ so as to pro¬ 
duce the most convenient lime of vibration. 
The microscopo more than makes up for the 
involved loss of sensibility. 

On Weighing. 

A precision-balance should stand on an un¬ 
shakable table, and should not bo exposed to 
tho risk of one-sided elevation of temperature. 
Before being used for a scries of weighings it 
must of courso be set in order, which includes 
that tho case be ‘levelled,’ so that the plane 
including tho axis of rotation and tho zero of 
the scale is a plumb-plane. The next thing to 
do (if necessary) is to bring the ‘bob’ int» its 
proper position; i.e. to place it so that the 
least difference of weight we care for just be¬ 
comes visible as an angle of deviation and no 
more, because to increase the sensibility beyond 
what is needful means needlessly to diminish 
the range of weights determinable by vibration, 
the constancy of tho sensibility, and the rate of 
vibration. This rate of course must not be 


the needle, and from these calculate the posi¬ 
tion of rest. Supposing we count distanoes 
traced by the needle in moving from 0 to the 
left as positive, and those to tho right as nega¬ 
tive, and the needle turns successively at «„ n v 
n v w 5 , degrees, we have for the position of 
rest, 4 values, 

*(»,+»,); i(n, + n a ); ’(;»* + »,); + 

and the mean of these four values gives the 
reading corresponding to tho position of rest. 
But the factor J can be dropped, because we are 
evidently at liberty to measure in half-degrees. 
By taking an odd number of readings we elimi¬ 
nate the error caused by what the needle loses 
in passing through its path ; for ordinary prac¬ 
tice 3 readings are sufficient. It suffices to deter¬ 
mine n, = (say) + 4-2; n., = —1*0; « 3 = + 4-0, and 
compute*a’ = mean of +3-2 and +3*0--= +3"1. 
In this case the right pan is too heavy by 3T x 
k mgms., if k is the weight-value of 1° at the 
respective charge. In a good balance k is almost 
independent of the charge; tho writer’s supple¬ 
mentary bob of course enables one to give it a 
pro-determined value. How k is determined 
need not be explained. 

Supposing p grams to have established exact 
equilibrium, the object weighs 
l" 

x=p y grams. 

The several weights which enter tho calculation 
of an analysis need only be relatively correct. 
Hence, if all the weighings involved are made 
on the same balance and with tho samo set of 


allowed to fall below a certain limiting value. 
In the writer’s opinion, t = 5" is about tho 
lowest permissible limit for relatively heavy 
charges. Next, the balance must be brought 

* into equilibrium ’ at least approximately. For 
this purpose Oertling’s balances carry a vane 
at the top of the beam, consisting of a little 
lever hinged to the wire of the bob, which can 
be turned round, so as to shift the centre of 
gravity to the right or left. 1 A better arrange¬ 
ment is a small horizontal gravity bob at one 
end of tho beam. For simplicity’s sako we 
assume that the balance has been brought into 
perfect equilibrium, so that the needle in tho 
vibrating instrument moves forwaixls and back¬ 
wards between +n° and -n°. To weigh an 
object (which, to fix ideas, wo will assume to bo 
a solid, and non-hygroseopic), tho ordinary mode 
is to place it on tho left pan, and then coun¬ 
terpoise very nearly with standard weights, say 
p grams, on the right. In order now to deter¬ 
mine tho small additional weight which is re¬ 
quired to establish perfect equilibrium, wo may 
uso one or other of two methods. In the 

Dead-beat method we simply continue our 
trials, until the needlo vibrates about the zero 
an its position of potential rest. It is, liowover, 
hardly possible for any thinking person to use 
this method without at least instinctivoly com¬ 
bining it with 

The method of vibration , which in its most 
exact form consists in this that we note down 
(at least mentally) the successive excursions of 

1 A vane with properly graduated limb is a9 good as a 

* rider ’; better in fact, inasmuch as it is not liable to drop 
off and got lost; this innovation was proposed by Hampel, 
but has not met with muoh favour as far as we know. 


weights, and tho objects are always in the left 
pan, in any such series we may adopt ~ grms. 

as our unit and say x=p. 

We do not consider it necessary to quote 
examples of cases in which as a matter of prin- 
l" 

ciple -jr daro not bo cancelled; we rather say 
: that in all precision-balances worthy of the name 

i l" . 

i y is very small, not more than 000005 at the 

most. If the empty balance was in equilibrium 
at +o 0 degrees we must add, if at — a 0 degrees 
we must subtract, ajc mgms. from p. 

Absolute Weighing. 

Absolute precision-weighing in the chemical 
laboratory hardly occurs otherwise than in this 
sense that we may have to determine the weight 
! of an object in terms of an arbitrary (but for 
j this occasion absolute) standard. For this wo 
i have two methods. 

I. The Method of Substitution. The object 
is placed in one pan jf the balance, and coun¬ 
terpoised exactly by some suitable taro placed 
in the other. We thru take off the object and 
put on standard weights until equilibrium is 
again established. If the method of vibration 
be used, the immediate result is the proof that 
the constant tare was balanced by (1) x grams 
of object plus 5 grams, and (2) by p + fc, grams 
of standards. Whence x-p+ 5 2 — 8,. 

II. The Method of Reversion . After having 
brought the balance very nearly into equilibrium, 
we ascertain the number of grams which have 
to be placed in the opposite pan to exactly 

Q2 
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' balance theobject, ones with the object on the 
left, end once with the object on the right, side, 
Assuming, for greater generality, that the right 
pan was from the first too heavy by * grams, we 
have 

X. xl'=(p"4 5) l" by the first trial. 

II. (x + 6) l" =p'l' by the second trial. 
Assuming for a moment that V = l" (as we 
always may if x is small), we obviously have 
2* + 8=p'+p" + 8; <p x = $(]>'+p"). 

We will now drop this assumption, but as- 
BUmc that 8 is so small that the balance cannot 
distinguish between 8i' and 8f"; then we may 
write as 

I. (x-S)l'=p"l". 

II. (x+S) l"=p'V. 

Whence, by multiplication, 

p'p' = (x-8)(a: + 6) = 

XX X i 

It is always possible to make a guess at the 
8 2 

maximum value which — could possibly have; 

X 

supposing 8 = ± 0-001 grin, and x ( i.e . p‘ or p") = 
about 10 grms. 5' J -=-£c* = 1 -f-10 8 and can be neg¬ 
lected. In practice we take caro not to allow 8 
to assume a greater relati ve value, and compute 
byas*=pjp' or x^Vp'p', for which expression 
we may substitute i (p’ +p"), if p' and p" differ 
by less than, say, p mgms. 

On Sets of Weights. 

A set of weights to bo fully on a par with a 
given balance must be so exactly adjusted that 
no combination of the several pieces which can 
ever occur is wrong by more than the inherent 
error ‘ e ’ {v. supra) of the instrument. This 
means that chemical weights, to bo properly ad¬ 
justed, require a balance of a very high order. 
But even the most perfectly adjusted set is of 
no permanent value unless the Bubstance that 
it is mado of offers a sufficient guarantee for 
constancy of mass. Of all available materials, 
rock-crystal comes nearest perfection, but it is 
difficult to work and bring into a handy shape. 
Of metals, Mr. George Mattliey’s ten per cent, 
iridio-piatinum is the best; it is absolutely 
proof against oven acid fumes, and sufficiently 
hard to bn proof against abrasion by reasonable 
usage. Next after it comes 'hard’ platinum 
(the slightly iridiferous metal of which crucibles 
are generally made); pure platinum is too soft. 
Brass, bronzo, German silver, and other cheap 
motals are mere apologies for what ought to be 
used; yet these are used (in a senso unavoid¬ 
ably) for making the larger pieces in sets for 
every-day use. Gilding affords no jiroteclion 
against atmospheric influences, unless tho noble 
metal is laid on thickly; a good lacquer is better 
than the film of gold which is customarily put 
on by electrolysis. 

In constructing a set of chemical weights, 
we might choose our own unit, bat whatever 
unit we might fix upon, any other mode of sub¬ 
division or multiplication than the decimal 
mode would be absurd; and there is no reason 
why we should not adopt some legally fixed and 
universally obtainable unit as our unit. The 
gram is used by chemists all over the world, 
almost to the exclusion of any other unit. 


. Sets orweigftts exaos enoogn tor an practical 
purposes oan be had in commeroe. Whoever 
may be the maker, a set of weights should not 
be used without having first been tested and 
found correct, at least in a relative sense. To 
show how the errors in a given sot can be deter¬ 
mined, let us assume for a while our set comprised 
only tho pieces (1)„, (1), (2), (2)„ (S), (10) grams, 
and adopt these bracketed numbers as symbols for 
the unknown truo weights. As a unit for the 
errors to be determined, wo will adopt the X mil¬ 
ligram as determined by a given rider of lOmgm. 
weight; tho (1) 0 shall servo as our provisional 
unit for tho values (1) (2) (10). To determine 

(1) we compare it with (1), by tho method of 
substitution or reversal, and note down the dif. 
ference between the two in terms of 1 the milli¬ 
gram,’ as determined by the method of vibra¬ 
tion. We then compare (1)„ -i- (1) with (2); then 

(2) with (2)„ Ac., Sc., to establish the following 
equations: 

( 1 ) 

(?) 


:i> -a).+«, 

? •=> 1 . + (!) + 
; 2 ,=(2) +*v 


mgms. 


5 ) -( 2 ) + ( 2 ), + ( 1 ). + 8 S . „ 

Computed. 

1) =(l) 0 + 8j . . . (1)„ + A, mgs. 

+ • 2x ( J )» + ^ » 

2) i = 2(1), + 8, + S 2 + 8 2 . 2 x (1L + A 2 „ 

(5 = 6(1), 4 28, + 2S 2 + 8’ 2 + S s 5 x (l) 0 + A s „ 

(10) = 10x(l)„ + Ac. . XOxflJ. + A,, „ 

To know what the values n x (1) 0 really are 
in terms of an adopted gram (say the true 
gram) wo must compare one of the pieces, or 
a combination of some or all, directly with the 
corresponding standard weight. Supposing this 
had been done with the 10 gram piece, and this 
piece had been found free of error, we have 
10 x (1) 0 + A,„mg. = 10g.(meaning 10 true grams) 

•"•Mo - —"jo 10 — -1 * - i^gs- 
and by substituting this value for (1)„ in the 
expressions n x (1)„ + A„ we obtain the values of 
all tho six pieces in the form 

(s) = sg. + zmgm.; 

but onr 1 mgm.’ is strictly speaking an arbitrary 
unit; wo have no right, for instance, to say 

(5) = 5g. + 1 ||jjg. 

What tho true gram-value of tho rider is can 
only bo found by joining on to our gram set 
a set of deci- and centi-grams comprising that, 
rider, and determining their values by establish¬ 
ing the equation: 

01) = (rider) + 8,, 

•02) = (rider) + (-01) + 8 2 , Ac. np to 
I). =(0-5)+ (0-2)+ (0-2),+ (0-1) Ac. 
and tljus finding out tlfb value of the rider in „ 
terms of g. But in practico the rider as a 
rule docs not differ much from -01g., and this 
part of the work is not necessary for the sake of 
tho calculation of the errors, the less so as a 
great value in any of these would simply condemn 
that piece. 

The above method is always used when we 
test a set of woights with the view of seeing how 
it falls in with the rest of the sets in the labo¬ 
ratory, whioh in the aggregate form out set lot 
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general purposes. If the eet is meant to "he used 
By itselr—ii, for instance, we test a set from 50 
grms. down to 1 centigr. with the view of using 
it for our analyses—-it is better not to refer to 
any external standard at all, but to an imaginary 
unit so chosen that the sum total of the errors 
becomes nil, i.e. f to choose as unit ^ of the 
actual weight of all the«100 grams ’ which tho 50 
gram set represents in toto. If one or more of 
the pieces come out with relatively largo errors, 
the unit is re-adjusted so that it suits only the 
good pieces, the errors are ro-calculated, and 
the two rejected pieces oither replaced by new 
ones, or re-adjusted. According to tho writer’s 
experience, we must be satisfied if the errors of 
the individual pieces are brought down to values 
varying from very littlo to about ± 0*04 mgm. 

Reduction to the Vacuum. 

All weighings executed in air are liable to 
an obvious correction. Supposing an object 
occupying v c.c. is balanced in air by p grams 
of standards occupying v o.o.; if the balance 
were transferred to a vacuum, tho side of the 
greater v (in our case the object side) would 
become heavier than tho other by (v —vj 5 grms. 
where 5 is the weight of one c.c. of air at the 
time and place. As p is a close approximation 
to the true weight, the volume of tho object in 
c.o.s can be put down as p+ s, that of the 
standards of courso is p- f-s 0 , where s and s 0 
are tho respective specific gravities which prac¬ 
tically need not bo reduced to water at 4°, The 
correction to be applied to p is 



» - 0-4G164^^j(mgm8.) t 

where b is the height of the barometer in mm. 
reduced to 0°C., and t is tho temperature; the 
constant is calculated from Eegnault’s weight 
of 1 litre of air of 0° and 700 mm. at London. 

For t= 15°, and b= 7G0 mms., 5=1*22015, 
which number, at stations where b is habitually 
near 7G0, if tho highest precision is not aimed 
at, may often be taken as holding for air gene¬ 
rally. 

Standard weights for absolute weighings (in 
true grams) ought to be adjusted for the vacuum; 
hence, if the minor weights are of platinum and 
the larger ones of brass, tho brass 1 grm. should 
appear lighter than its equivalent in platinum 
decigrams in air. But sets of this order had 
better be made of one metal. 

For a series of relative weighings, tho 
buoyancy of the weight-standards in air may bo 
neglected, because we are at liberty to take as 
our unit the weight of tho 1 grm. piece in air of 
the average density prevailing during tho progress 
of the experiments. That this unit is •strictly 
0 peaking variable is of no practical significance. 

The vacuum-correction for any single weigh¬ 
ing involved in an analysis amounts as a rule 
to more than we should care to neglect; yet it 
may be neglected in most cases, because the 
weight to be determined is only one term of a 
ratio, whose otKcr term is faulty in the same 
sense. Suppose we have determined two 
'weights, p x and p 2 , and wo want the correct value 
# of the ratio of which p x : p 2 is only an 


approximation, if the reciprocals of the specific 
gravity are s^ 1 and a** 1 respectively, we have 


a+ «■«,-) . 

p t (1 + » A -‘) ■ 


or as a sufficient approximation 


® = ?l (1 + S,s,‘'-’A' 1 )- 

Ih 


And if s, does not diffor much from s 2 (as 5, 
and S.j are always nearly th»* same) tho bracketed 
factor may come close to unity although neither 
of the two terms s^'5 could be neglected if it 
stood by itself. Hero, as everywhere in experi¬ 
mental science, the golden rulo is neither to 
strain at the gnat nor to swallow the camel. 


Weighing of Oases. 

For tho weighing of a gas, we have in general 
three methods. 

(1) If the gas to bo weighed is a product 
formed in a reaction between solids or liquids, 
we may identify its weight with the loss of 
weight suffered by tho reagents during the 
reaction. 

(2) We may collect the gas in a evacuated 
tared balloon, and weigh it like anything else. 
In this case it is expedient to tare the flask 
with another flask of tho same displacement 
and nearly the same weight, so that only a few 
grams need be put on to establish equilibrium, 
(ltcgnault’s method). The vacuum-correction 
is then out of court. 

(3) We may measure the gas by volume at 
a known temperature, t , and pressure, p, and 
calculate the weight from the volume. 

If the gas to be weighed is a product of a re¬ 
action carried out quantitatively, one way of mea¬ 
suring it is to construct the apparatus so that 
the vessel in which tho reaction goes on and tho 
gas-measurer have a common atmosphere, and 
to measure the gas-volume as an increase in 
the total atmosphere of tho apparatus (gas- 
volumetric method). According to Regnault, 
1 lit. of oxygen at 0° and 7G0 mm. of mercury 
of 0°C., weighs 1*42932 grams. IJenco by an 
easy computation, based on Avogadro’s law, we 
have for tho weight of 1 litre of a given species 
of gas of tho molecular weight m (o = 1G) 

d = 0*032089 j x grams 

where p means the dry pressure in mm. 

If the gas is moist, the vapour-pressure of 
steam at t° must be deducted from the observed 
pressure to find tho d of the formula. The 
constant, strictly speaking, holds only for places 
whore gravity is the same as it is at 45° lati¬ 
tude, and sea-level. 

In Paris, \ London , j Berlin, | Glasgow , 
it must be multiplied by 
1*000333, | 1-000583, | 1*000003, | 1*000956. . 


Indirect Methods of Mass Measurement. 


I. Physical Methods. 

The nature of these is best explained by a 
general example. In a given aqueous solution 
of sulphuric acid, sugar, salt, &c., <fcc., the 
specifio gravity at t°, tho refractive index, the 
power of turning the plane of polarised light 
(if any), &c., bear each a fixed relation to the 



*80 ANALYSIS. 


percentage of substance (or the weight of 
substance per litre) in the solution, whioh 
relation- is susceptible of translation into a 
formula p = / (physical property), or a corre¬ 
sponding curve, and by means of oither of tabu¬ 
lation. Hence, supposing the function to havo 
been determined by standard experiments, p in 
a given case can be calculated (virtually or 
actually) from the value of the respective 
physical property. # In practice wo must of 
course try to establish conditions under which 
the change in the specific gravity, Ac., Ac., 
corresponding to tho passing from p to, say, 
(1*01) p, assumes a sufficiently great value. 

Tho popular method for determining the 
strength of aqueous oil of vitriol, Ac., by means 
of a hydrometer may be referred to as an 
example. The customary method of deducing 
the percentage of sugar in a syrup from the 
angle through which a column of given length 
turns the piano of polarised light is another. 

II. Chemical Methods. 

These, being all founded upon our knowledge 
of the quantitative laws of certain reactions, are 
methods for the indirect weighing of radicles 
rather than of substances. .Scientifically one 
might arrange them according to their degree 
of directness. If we do so, the following two 
claim precedence before any of the rest. 

(1.) The direct gravimetric method. An un¬ 
known weight of this or that radicle is deter¬ 
mined by separating it out exhaustively, by itself 
or as part of a compound of known composition, 
and weighing the product either directly on the 
balance, or perhaps indirectly by gasometric 
measurement. 

(2.) The method of titration. An unknown 
weight of radicle is deduced from tho quantity 
of reagent necessary and sullicient to cause it to 
undergo a certain dclinitc change of combination; 
tho quantity of reagent being ascertained syn¬ 
thetically, i.c. by direct trial. 

These two methods we will designate as 
‘direct’ methods in opposition to the following i 
‘indirect ’ methods. 

(3.) The method of substitution. Instead of 
determining a radicle r, we substitute for it an 
equivalent of some other radiclo (or substance) 
r' ; we determine i;' by method I. or II., and from 
it calculate it. Thus, to determine an unknown 
weight of free chlorine, x CL mgms., we substitute 
x I 2 mgms. by means of the reaction Cl 2 f 2KIAq = 
2KClAq + LAq, and determine the iodine. In 
some cases we effect a scries of substitutions 
(r' for r ; it" for r' ; b"' for it", Ac.), and deter¬ 
mine only the ultimate substitute. Thus, to deter¬ 
mine x Cr0 3 , we substitute £rsfc x x 3C1, then for 
this we substitute x x 31, and by ascertaining the 
value a: x 31 we find x x Cr0 3 . 

(4.) The residue-method. The body contain¬ 
ing the radicle is subjected to a definite chemical 
change by means of a known (excessive) weight 
of reagent, and the excess of reagent left is 
determined. 

(5.) Methods founded upon the numerical 
difference between formula-values: —We pass at 
once to examples:— 

(a.) To analyse a mixture of the compounds 
AgCl and AgBr, we expose a known weight to 
the action of dry ohlorine until all the AgBr has 


become AgCl, and determine the decrease of 
weight involved. From the obvious equation of 
the reaction, we see that every Br-Cl gram of 
loss of weight corresponds to Br grams of bromine, 
or AgBr grams of bromide of silver. 

(6.) To determine the weight of real sul¬ 
phuric acid contained in a given quantity of an 
aqueous acid, we evaporato with a known (ex¬ 
cessive) weight of anhydrous carbonate of soda, 
and weigh tho residue (Thorpe). As 
s Na,C() s + Na,C0 3 + H,S0 4 * 

CO... f- H.O + Na..SO, -I- a?Na 2 C0 3 , every (SO a - CO...) 
grams of increase of weight indicate 80 3 grams 
of sulphur trioxido. 

(c.) To analyse a mixturo of the sulphates of 
sodium and lithium; take p grains of the 
mixture, ppt. all its sulphurio acid with barium 
chloride, and weigh the barium sulphate. 

1 grm. of tho sodium salt gives BaSO, a> 

Na.BO, “ * 

1 grm. of the lithium salt gives BaSO, _, 3 

Li., SO, ’ 8 

of barium sulphate. Hence if c grms of pp. 
were obtained we havo (from x grms of sodium 
sulphate, and y of lithium sulphate) 
xx$+yxl=c 
x + y=p. 

Whence x and y are easily calculated. 

Many other examples might be quoted. 

We will now pass to 

The Operations involved in quantitative 
determinations by chemical methods. But 
first let us say a few words about a necessary 
preliminary to any quantitative analysis, namely, 
the preparation of the sample. This problem 
assumes perhaps its most difficult form if the 
thing to bo analysed is «a large mass of im¬ 
perfectly homogeneous matter, say, a cargo of 
copper ore. In this case tho analysis must of 
course be preceded by the preparation of a 
sample, which, although it may amount to only 
a few pounds, yet can be assumed with a suffi¬ 
cient degree of probability to have the composi- 
| tion of the whole heap. And supposing even a 
homogeneous sample to have been prepared for 
tho analyst, a mere assay (of the copper in our 
case) would be of no use unless accompanied by 
determinations of the moisture in, a the ore as it 
lies, and b the small ultimate sample which goes 
to the balance. An impure specimen of a named 
chemical species to be rendered fit for tho 
analysis of tho species must first be purified, 
unless we prefer to determine tho impurities, 
and allow for them in the calculation. 

In now passing to our subject, wo will give 
tho first place to tho operations involved in 
those 

I. Assays by igneous operations , 
which dre so extensively employed in practical 
metallurgy. These, however, arc quite a speciality 
which is almost entirely confined to metallurgical 
laboratories. Suffice it, therefore, to say that 
these assays , as the name indicates, are, at least 
by original intention, processes of metal-smelting 
carried out tentatively on a small scale. The 
metal is separated out as a rogulus either of the 
metal itself or of some definite arsenide, and in 
either form is weighed directly on the balance- 
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II. Quantitative expulsion of volatile 
components by exposure of the 
substance to regulated tempera¬ 
tures. 

Under this heading fall most of our methods 
for the determination of water , given in com¬ 
bination with non-volatile residues. Water thus 
combined, can, as a rule, be driven out with or 
without the help of a dry atmosphere, by pro¬ 
longed exposure of the substanco to a suitable 
temperature, and, if other changes are known 
not to take place, the weight of tho water ex¬ 
pelled is the loss of weight involved in the drying 
process. 

If tho residue, while giving up its water, takes 
up oxygen or suiters some other change involv¬ 
ing change of weight, tho water must be expelled 
in an apparatus so constructed that the steam 
can be purified (if necessary) and collected with¬ 
out loss by absorption in a weighed U-tube 
filled with chloride of calcium, or pumice 
moistened with sulphuric acid, and determined 
as an increase of weight of the absorption 
apparatus. Wo have no means of discriminating 
experimentally between water present as such 
(moisture) and water present in chemical com¬ 
bination ; 1 nor can wo discriminate analytically 
between tho different states of combination 
which we distinguish in our formulie. All the 
analyst can do (after removal of what there 
may be of palpably free water by mechanical 
means) is to try, successively, exposure to (1) 
ordinary k dry * air; (2) artificially dried air, or a 
dry vacuum; (3) a graduated series of higher 
temperatures, such as 100°, 120°, 150°, 200°, in 
a hot air chamber; (4) a red or perhaps a white 
heat; and to report the several losses of weight, 
taking care of course to apply each temperature 
again and again, until the weight of the residue 
(or of tho calcium chloride tube) has become 
constant. 

From hydrates undecomposable by mere 
heating, the water must bo expelled by suitable 
reagents. Basic hydrates, like caustic potash, 
can be dehydrated (quantitatively) by fusion with 
excess of anhydrous bichromate of potash; 
many hydrated acids, by evaporation of their 
solutions with a known excessive weight of oxide 
of lead, ami weighing the dried residue. The 
writer directs attention to tho applicability of 
tri-sodio phosphate as a weighablo form of Na^O 
for the latter purpose. 

IIL Combustions in glass tubes, v. 

Analysis, Okganic. 

IV. Carius' general method of ultimate 

organic analysis , v. Analysis, Okganic. 

V. Qas evolutions. 

We here refer to a class of method^in which 
the thing to bo determined is measured by the 
weight of a gas evolved in a wet-way reaction 
of the substance to bo analysed. The gas 
evolved is weighed as loss, or after absorption 

* According t| the current notions on dissociation, a 
current of (originally dry) air which has passed over a 
sufficient column of partially dehydrated salt, should take 
away the free water from a given specimen of moist salt of 
the same kind at the same temperature, llenco an obvious 
(theoretical) method for recognising free water as such. 


by a suitable absorbent, or is measured (and 
thas indirectly weighed) gasometrically (v. supra). 

VI. Electrolysis. 

Solutions of many heavy metallic salts, when 
subjected to a galvanic current under suitable 
conditions, arc fully decomposed, in the sense 
that all the metal separates out as such on the 
negative electrode. By properly regulating the 
strength of the current and the composition of 
the liquid, it is possible, in many cases, to 
cause tho whole of the metallic pp. to assume 
the form of a coherent, truly metallic, deposit, 
so that, if a platinum electrode bo used, the 
metal can be determined as an increase of weight 
of the latter. The method, however, is not as 
easy as it is obvious; and is in general use only 
for two metals, namely copper (Luckow’s 
method), and nickel. Classen 1 has tried, not 
without success, to extend tho method to many 
other heavy metals; but his processes have 
failed so far to become popular. 

VII. Gravimetric Precipitation. 

Our heading refers to the very large number 
of cases in which we determine a component of 
a solution by separating it out in an insoluble 
form, and weighing tho pp. or converting it into 
another body and weighing that. With the pre¬ 
liminary separations that may bo necessary we 
can have nothing to do here; we assume that the 
ppn. has been effected exhaustively, and that 
the pp. is (in the sense of the method) free from 
foreign components. In this case the next thing 
to be done of course is to separate the pp. com¬ 
pletely from the mother-liquor. In some eases 
(for instance in tho case of the haloid salts of 
silver, and of metallic gold ppd. by ferrous salt) 
this can be done by decantation ; but as a rule 
it is necessary to resort to filtration. For this 
operation tho first requisite is a good funnel, 
and good filter-paper. The funnel should be a 
smooth cone of exactly 00° aperture, so that a 
filter folded in quarto tits it exactly. The best 
filtor-puper for general purposes is that Swedish 
paper known as Muntkell’s; only it filters some¬ 
what slowly, and in many cases, therefore, papers 
of looser texturo are preferable. Filters, which, 
having been washed with hydrofluoric and 
hydrochloric acids, leave almost no asli on in¬ 
cineration. In conducting a filtration, the 
following rules should be observed : 

1. Before starting tho filtration, allow the 
pp. to settlo completely; then decant off the 
liquor on to the filter, allowing as little of the 
pp. as possible to go on to the paper. -2. The 
same rule holds for the first stages of the wash¬ 
ing process; the bulk of the pp. should go on to 
the filter only after almost all the dissolved 
matter has been washed away.—3. The wash- 
liquor should be employed in small instalments, 
and each instalment be allowed to drain off, 
before the next one comes on.—4. Tho washing 
must be continued until the purity of the Iasi 
runnings is proved by direct testing. No calcu¬ 
lation of tho attenuation reached can be relied 
on implicitly, although it is valuable for pre¬ 
liminary guidance, and may be the only method 

1 Classen : Quantitative Analyte dunh Electrolyte. [2nd 
ed. Berlin, 1888.J 
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available.—5. The imer anouja m t&e faun el 
closely; it should be smaller than the funnel, 
and not much larger than is necessary for the 
convenient accommodation of the pp. 

Many pps. run through the paper as soon 
as the wash-water becomes nearly pure; bi¬ 
sulphide of tin exhibits this property in a marked 
degree. Addition of some suitablo salt (sal-am¬ 
moniac, acetate of ammonia, &c.) to the wash- 
water often helps one over this difficulty. 

In the case of slimy or gelatinous pps. 
[c.g. hydroxides of silicon, aluminium, and chro¬ 
mium) Bunsen’s method of quick filtration is 
employed. It consists in this, that the funnel 
is made to communicate, by its stem, with a 
vessel in which a partial vacuum of adequate 
strength is maintained by means of an aspi¬ 
rator (a Sprengel pump wrought with water, 
or equivalent arrangement). To protect the 
filter from being torn by tho pressure of the 
atmosphere, its open end is supported by a small 
cone of platinum foil, resting on the bottom of 
the funnel. In regard to tho operations subse¬ 
quent to filtration and washing, pps. may bo 
classified as follows:— 

A. Sucli as stand calcination in a plati¬ 
num or porcelain crucible, and when thus treated 
assume a definite composition. In this case the 
general mains operandi is as follows : the pp. is 
dried in the funnel; it is then detached as com¬ 
pletely as possible from the paper, and put into 
the tared crucible. The filter, with adhering ! 
particles of pp. is folded up into a narrow strip, j 
and this is rolled up tightly into a parcel, so ; 
that the part stained with the pp. is in the core. ! 
A platinum wire is then wound round two or j 
three times, and the parcel is kindled in a gas 
flame and allowed to burn, tho surplus wire 
serving as a handle. After tho combustion has 
gone as far as it will spontaneously, the residual 
charcoal is burned away by applying the outer 
portion of the flame of a Bunsen. The ash is 
dropped into the crucible and calcined along 
with the pp. In some cases, as for instance in 
that of alumina, it is better not to dotacli tho 
pp. from the filter, but simply to fold up the pp. 
in the filter, and heat the whole in a platinum 
crucible. Any deposit of charcoal formed on 
the lid or crucible sides is easily removed by 
heating the respective part while a shield of 
platinum foil is stretched over tho deposit. The 
charcoal vanishes almost instantaneously. The 
weight of the filter-ash must of course bo ascer¬ 
tained by a blank experiment, and allowed for. 
The correction (cateris paribus) is proportional 
to the superficial urea of the filter; i.e. ash- 
weight = cr-, where c is a constant which can be 
determined once for all. 

It is to be observed, however, that even with 
the same filter-paper, c depends on the nature 
of the liquid which passed through the filter. 
It is less for dilute mineral acid, for instance, 
than for pure water, or salt solutions followed ; 
by water. 

B. Precipitates which do not stand 
calcination; but assume a definite composi¬ 
tion when dried at a suitable lower temperature, 
Bay at 100° or 120°C. Such pps. arc collected 
on filters (previously dried at the respective 
temperatures) and weighed in tho filters. As 
filter-paper is hygroscopic, the empty filter, and 


the filter with pp., must be weighed between a 
couple of olosely fitting watch-glasses held 
together by a 'suitable clip. 

C. Precipitates which demand some 
supplementary chemical treatment to 
become fit for the balance. In regard to 
these it is difficult to make general statements j 
suffice it to say that certain metallio sulphides 
assume a definite composition when strongly 
heated (repeatedly, and until constant in weight) 
with sulphur in hydrogen gas. Tho sulphides 
of copper, manganese, zinc, lead, may be quoted 
as examples. The resulting deflnito sulphides 
are Cu a S, MnS, ZnS, PbS, respectively. 

GAS ANALYSIS. 

A large supply of homogeneous gas may be 
dealt with, analytically, in a variety of ways. 
With a small gas-sample given for analysis only 
one mode of treatment could bo—or at any rate 
ever is—thought of. We must collect our gas 
over mercury, or some other suitable liquid, and 
learn what we can concerning it by applying 
physical or chemical reactions, involvingchangeB 
of gas-volume; we must measure the gas volumes 
involved as the only practicable mode of defining 
the respective masses. 

Principles of volumetric gasometry. To 

measure a given quantity of gas means to deter¬ 
mine its volume, v, and its pressure, p, at a 
definite temperature, t. In any fluid body of 
known nature the throe quantities conjointly 
define tho mass; yet the method is confined 
to gases, because in these only is the evidence 
afforded by tho three numbers condensible into 
one numerical statement by more calculation. 

Practical gasometry knows of no pressure 
greater than two atmosphcscs (indeed pressures 
I above one atmosphere are exceptional); and of 
no temperature below 0°C. 

Within this range of conditions tho law of 
| interdependence between volume, temperature, 
i and pressure, in all gases is in approximate 
I accordance—in the so-called permanent gases 
it is in perfect accordance—with tho equation 

vp 

T-"> .(l) 

where t may bo defined as t=»273 + 1. Q is ft con¬ 
stant which depends only on tho nature of the 
gas and its mass, and consequently, in reference 
to any named species, measures the quantity. 

Condensible gases and vapours deviate from 
the law embodied in eq. (1) to a greater or less 
extent, but always in this sense that the true 
relations are oxpressible by an equation of tho 
form 

T< 1+t ) =<) .( 2 ) 

where « is an inherently positive number 
which is a function of t and r, to tho 
effect that, for any given species, * is the 
less the further the pressure and temperature 
remove the gas from the state of saturated vapour. 
Gasometrically speaking e is mainly a function 
of temperature which runs pretty much like 

€ = const 1 .; not by any means exactly so, but 

we are safe in saying that for every gas-speoies 
there is a certain temperature t 0 above which 
this species is, as the phrase goes, a ‘perfeet 
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gal, us « inn cun sense mat • Is less than 
the unavoidable error involved in the experi¬ 
mental determination of pv+t by the customary 
instruments. In this sense our equation (1) is 
true for all kinds of gas or vapour without 
exception. 

The constant Q is obviously susceptible of 
a number of definitions. One definition is to 
call it the volume which the gas assumes when 
t <= 1° and p = 1 (say 1mm.), or rather the volume 
which the gas would assume it it were a perfect 
gas down to t= 1 or t-— 272°. To eliminate 
this fiction, let us view V as a function, not ol p 
t 

and t, but of -, thus : 



and, taking ' disgregation’ as a name for this 
ratio i: p, define q as that volume which the 
gas assumes whenever the disgregation is unity 
through p being equal to x numerically. If, for 
instance, 

T = l° 273° 373° 500°C. &o. 

then p = 1 273 373 500 mm. &o. 

In this manner it is always easy to find for q a 
real significance. Q, however, has two denomina¬ 
tions. Obviously 

x 

rmQ r’ 

hence q may be called the particular pressure 
which the gas assumes whenever t = v; i.e. for 
t = 1° and v = 1 unit; T « 500° and v — 600, &c. 

For the purely comparative measurement of 
two or more gas quantities, only one of the throe 
variables need actually be measured. 

Assuming the qs for the gases i, n, hi... to 
bo q' q" q"\ ite.#we may (1) keep T and p at 
constant (though perhaps unknown) values 
and measure the volumes 

v' v" v'" &c. which are 

q't q"T q'"t 

— — - 

p r r 

The constant factor disappears in the ratios. 


This used to be, at least by intention, the method 
of comparative gasometry. 

(2) We may keep t and v constant and 
measure the pressures p' p" p'" which are 



and consequently again measure the qs (Reg- 
nault’s method). 

(3) Wo may allow t and p to vary, but keep 
their ratio, the disgregation , constant, and mea¬ 
sure the volumes, i.e. substitute for the qs 

T 

(q' q" q'"...) x a constant - 
(Doy6re’s method). 

But q has an important chemical significance. 
A glanco at eq. (1) shows that «the specific 
gravity of a gas, meaning the number of times 
its weight is greater than that of the same 
volume of some standard gas of the same dis¬ 
gregation, is independent of t and p. As stated 
by Avogadro, and since proved by numerous 
experiments, we have for any set of §as-species 

s*. s": s'"... = m' : m" : m"' . 

or quite generally 

s»const, m . . • « • w 

where u is (ho mol. weight. 


Hence supposing, at a given disgregation 
unit volume of standard gas weighs a units, thei 
unit vol. of another gas of the mol. w., u 

weighs b —, where ref ere to the standard gas 

Mo 

Hence unit-volume of any gas, if measured at thai 
disgregatiqn, contains — x si units of weight 01 

its substance ; henco equal volumes of any twe 
gases, if measured at the same disgregation, 
contain the same number of molecules, where 
‘ molecule * may nave tho usual meaning given 
to this term. Hence our constant q, or any of its 
substitutes as given above under (1) (2) and (3), 
in a relative sense counts tho molecules of the 
respective gas. 

Eq. (1) tells us nothing about the relation 
between the volume v of a gas-mixture, and the 
volumes u' v” o'"...of its components; but we 
know.by direct experience, that v - v' + v" + t /"...; 1 
hence Avogadro’s law holds for mixed as well as 
for homogeneous gases; and, independently of 
it, we have 

2 ' + 2 " + 2 "'... = q.(4) 

and at any constant value of 

V-t-T 

j?'+p"+p"'... = p.(5) 

(where the small letters refer to the components 
and the largo ones to the mixture). And so 
quite generally 

q:Q~v:y— p:v= (number of mols.in the 
component): (number of mols. in the mix¬ 
ture) .( 6 ) 


Hence our customary mode of Btating the com¬ 
position of a gas-mixture is susceptible of three 
readings. Instead of saying (1) 100 volumes of 
air contain 21 vol. of oxygen and 79 of mtrogen; 
we may say (2) the partial pressure of the oxy¬ 
gen is 21 p.c. and that of the nitrogen 79 p.c. of 
the total pressure of the air; or (3) every n x 100 
mols. of air contain n x 21 mols. of oxygen and 
n x 79 of nitrogen. 

In the more easily condensible gases, the 
number e (which might be called the measure of 
gaseous imperfection) assumes appreciable valueB 
at the ordinary temperature; yet in the ordinary 
practice of gas analysis even these gases are 
customarily being measured at, or near, the 
temperature of the laboratory. To give an idea 
of the possible valuo of the error thus neglected 
wo will take up the case of carbonic acid, 
which, of ordinarily occurring gases, is perhaps 
the most imperfect. 

According to Amagat, carbonic acid, from 0°CJ. 
upwards, expands at a greater rate than air, up 
to about 200°, whence onward it behaves like a 


perfect gas in -ence to expansion caused by 
changes of temperature or pressure. At 760° 
mra. its expansion from 0° to 200° is in the ratio * 
of 1 :1-74005. Hence supposing we find for a 
quantity of carbonic acid v = v 0 , for t = 273 and 
r = 700, we have for tho constant q:— 

(1) By the ordinary routine mode of caloula* 

. , . v o x700. 

tion, i.e. by eq. (1) ; q' = 273 —» 


1 It la worth while to note that this all-important pro¬ 
position has never boon looked into in the Regnault- 
fashion. 

* Calculated by the writer from the coefficients of «• 
pansion srtatod by Amagat for 80°, 100°, 180°, and 200°. 



934 


AKAJLYStS. 


(2) For {he true a j 

„ _v„x 1-74068x760 
Q, “ 273 

Whence o 0 ■= 1-0046 q' ; or in the sense o{ our 
equation (2), for t = 273 and p = 700 mm. 

(1 + e); and e —0 001G. .(7) 

This number, or say 0005, might perhaps 
be put down as the maximum value which e 
may assume in the customary mode of measur¬ 
ing gases proper, were it not -for the following 
consideration. As a rule the gas to be measured 
is contaminated with vapour of water, and it is 
the q of the dry gas that is wanted. One mode 
of obtaining it is to remove the water by chemical 
absorbents and to measure the dry gas; but 
this is a tedious process; hence we prefer, in 
practice, to saturate the gas completely with 
water, to measure it in this condition, and, before 
calculating by eq. ( 1 ), to correct the observed pres¬ 
sure by deducting the maximum steam-pressure 
at the respective temperature, as determined 
by Magnus and by Iteguault for the vacuum, as¬ 
suming the corrected value r„ - p- ir to represent 
the pressure which the gas would exhibit at the 
same vol. and temperature if it were dry. As 
shown by JUcgnault, this is not quite exactly 
the case, yet if ir is small, i.e. if the temperature 
is low, the error may be neglected. A low tem¬ 
perature, it is true, means a relatively great e, 
but ir certainly, and the error in ir probably, 
increases (with t) much faster than c decreases. 

Both the authorities named give their its in 
terms of the pressure of a column of mercury of 
0°C. whose height equals 1 mm. Hence to bo 
able to use their numbers directly we must pro¬ 
vide our eudiometers and barometer with true 
mm.-scalcs. And we ought to reduce all mercury 
columns (measured as pressures) to (h’C. This, 
however, is necessary only in the case of abso¬ 
lute measurements, i.e. if we measure a gas as a 
step towards calculating its weight; for relative 
measurements we may choose our units for v, t, 
and p, at pleasure , 1 hence the absolute magni¬ 
tude of our ‘mm. ’ is of no consequence. Nor is 
it necessary to reduce the ir to what our mm. is 
at the respective temperature, because the cor¬ 
rection is practically irrelevant. 

Gases like hydrochloric acid, ammonia, 
sulphur dioxide, Ac., must bo measured dry— 
for an obvious reason. 

Gas-Analysis. (a) Proximate . For tho 
proximate analysis of a gas-mixture we have 
only one direct method. After having measured 
off a convenient sample, we withdraw the several 
components (singly or in groups), by the succes¬ 
sive application of appropriate chemical absor¬ 
bents, as pressureless solids r or liquids, and, 
after each absorption, we measure the gas-residue 
left. Supposing the sample measures v units at 
T and p, and the same, minus component I, mea- 
Bures v' units at t' and r'; we have for the sample 

q tM I?,for the residue q'=-~ » hence for the 

T T 

percentage of i; jc = —*"9* * 100 . 

Q 

To show the possibilities of the method, we 

* 1*. we may, if we choose, moasurc our with a 
Fahrenheit thermometer and take t aa being t«4IW4 
(in F. degrees). 


enumerate the most important reagents and 
state the powers of eaoh as an absorbent. 

(11 Water (as such or as Na*SO 4 10H*O) 
absorbs HC1, HBr, HI, very promptly. 

(2) Solid Ditr caustic potash absorbs water 
very completely; acid gases generally more or 
less slowly. 

(3) Solid moist caustic potash absorbs all 
acid gases (CO*, SO*, IBS, HC1, Ac.) very 
readily. 

(I) Caustic potash solution acts like (8) 
and (1). 

(5) Dilute sulphuric acid absorbs all alka¬ 
line gases (Nil,, CII 3 NH 2 Ac.); besides acting as 
water. 

(G) Oil of vitriol (ILSO., + yrJLO) absorbs (a) 
water, alcohol, ether, metliyl-oxidc, very readily; 
(b) propyleno and higher homologucs, with a 
fair degree of promptitude. C 2 H 4 is absorbed 
only on long-continued shaking (Bertlielot). 

(7) Sulphuric anhydride in ILSO, absorbs 
C.,H 4 in addition to the gases named in (G). 

(8) Bromine (over water in diffused daylight) 
acts pretty much like (7); the excess of Br 
vapours left is removed by means of KiiOAq. 

(9) Pyrogallic acid in caustic potash ley 
absorbs oxygen abundantly and promptly 
(Liebig), besides acting liko (1). 

(10) Cuprous chloride in hydrochloric acid 
absorbs oxygen; also CO, C*H*, 0,11, (Bertholet). 
— Spoils tho mercury. 

(II) Same reagent in aqueous ammonia acts 
like (10), and besides absorbs certain other gases, 

i e.g. all the olefines (Bertlielot). 
i (12) Ferrous sulphate in concentrated solu- 
i tion absorbs nitric oxide; but hardly in the cho- 
: mical sense, as the compound has a measurable 
| dissociation-pressure. 1 • 

! (13) Binoxule of manganese , as compressed 

; powder, is used by Bunsen for absorbing H.,H 
i and SO*.—Solution of Cr0 3 or of KMn0 4 acts 
similarly and more promptly. 

(14) Chromous sulphate in NH 3 and Nllfil 
solution absorbs 0,N0,C*lL,C. ( ir 4 , but does not 
act on CO, C*H„ or C 3 H„ (Bertlielot). 

That all gas mixtures cannot be analysed 
by means of these 14 reagents is obvious. Un¬ 
fortunately they are all group-reagents, and a 
group when once absorbed is not susceptible 
(practically) of further gasometric analysis. One 
or other of the absorbed components may bo 
determinable otherwise—thus for instance H*S 
(absorbed in K1IO) by titration with iodine— 
but these are rare exceptions. For the analysis 
of a gas-mixturo which, with regard to chemical 
absorbents, behaves as a whole, only two 
methods are at our disposal; one is to determino 
the ultimate composition of the gas (if possible), 
and from tho results to try and arrive at the 
proximato composition; tho other is to exa¬ 
mine the gtis by means of physical absorbents. 
But to obtain definite results with thesowe must 
Tollow the lead of Bunsen, and both contrive 
their application and interpret the results, in 
the light of the laws of gas-absorption. 

Analysis by physical absorbents. 

Imagine v volumes of a mixture of the 
unitary gases I., II., III., . . . to be shut up 

1 NO ia absorbable also by the conjoint aotion of 0 iwrt 
K3IO solution aa KNO, and KNO.. 




ANALYSIS. 3M 


in a close vosBel over h volumes of water or 
alcohol, an impervious diaphragm separating the 
two. As soon as the diaphragm is removed, the 
gas and liquid exchange molecules, and this goes 
on for ever; but if a constant temperature t is 
tnaintained, a point is reached, sooner or later, 
at which tho changes of composition, exactly 
compensate each other, so that matters are tho 
samo as if tho exchange had come to a stop. 
This point of dynamical equilibrium is reached 
almost instantaneously on violent shaking. The 
final result is that the gas-space v is saturated 
with the vapour of tho liquid, while a quantity q 
of each of the components of tho gas is held in 
solution by the h volumes of liquid. This quan¬ 
tity q at a given temperature is in (more or less 
exact) accordance with tho equation— 

q =» h&ir .(8) 

whore ■>r means tho partial pressure of the respec¬ 
tive component in tho residue, and 0 is a con¬ 
stant, which may be defined as being tho valuo 
which q assumes when h = 1 and it =» 1 mm. q and 
j 8 are, of course, of tho same denomination; if q 
means mgms., 0 means mgms. likewise. But 
we will assume q to bo measured by volume at 
0° C. (or t - 2713° C.) and p=>1 mm., and on tho 
basis of this assumption (with Bunsen) call 0 
the * co-ellicicnt of absorption.’ 

Our equation has been tested experimentally 
only with water and, in a moro limited sense, 
alcohol, as a solvent; and in reference to either, 
it may bo assumed to hold, at pressures up to 
about 1 atm., and temperatures from 0 ° to 
about 30° C., for all gases which, under the 
circumstances, do not act chemically on, or 
dissolvo very abundantly in, tho respective 
liquid. With a given gas-species, 0 , in general, 
increases when the temperature falls, or when 
alcohol is substituted for water. It has, in 
general, different values for different species of 
gas. Hence wo at once see our way towards 
distinguishing a unitary gas from a mixture. 
Take, for instance, the caso of marsh-gas CH, 
as against a mixturo of equal volumes of IX. 
and C*H h -- CII 4 per 1 volume. With alcohol as 
an absorbent, the 0 of C. 2 H h is far greater than 
that for H a . Hence, if tho mixture bo dissolved 
partially by alcohol, the residue will contain less 
carbon per unit volume than £C a ; and similarly 
in similar cases. 

Tho relation between the composition of the 
mixture operated upon and that of the un¬ 
absorbed residue is oasily formulated. Let in', 
m", Ac., stand for the quantities of the several 
components present in unit volume of the 
original gas, and let n\ n ", Ac., havo a similar 
meaning in reference to the residuo; let p stand 
for the (dry) pressure of tho original gas, and 
p for that of the residue, then we havo for any 
one of the components q = h0(pn) ;*and for the 
unabsorbed part of that component 

r~(np)v-J~— - (np)"»,"i 

and q+r=pn(v„ + Bh)\ but g + r-pmv,,, hence 
Tinv,=pn(v o + 0/i), which enables us^o calculate 
the of.a named component from ita ‘ tn.’ 
For further developments wo refer to Dittmar’s 
•Exercises in Quantitative Analysis,’ section on 
gas analysis (Glasgow, W. Hodge & Co.). With¬ 
out mathematics it is clear that th<, quantity, A, 


of total gas absorbed, reduoed top-1 and A-1, 

is K- v ‘tzPi. 

hp 

In the caso of a unitary species \ is the co¬ 
efficient of absorption , and is consequently con¬ 
stant, while, in the caso of a mixture it varies 
(in general) with h:v, i.e. with varying quantities 
of water for the same quantity of gas started 
with. Henco an obvious second method for 
testing a gas for chemical oneness. 

Of general methods of gas analysis, only 
one remains to bo considered. We refer to 
the 

Method of Combustion.—A. method of 
ultimate analysis which presumes that the 
gas to be analysed is in, or by addition of 
hydrogen or of oxygen or of either plus ful¬ 
minating gas , 1 can be brought into, such a 
condition, that tho mixture, when fired with 
an electric spark is resolved entirely into (in 
general) carbonic acid, nitrogen, and water, and 
excess of either hydrogen or oxygen as the case 
may bo. The method consists in this that a 
measured volume of the given gas is exploded, 
and the gas quantities involved aro measured as 
far as necessary to enable one to calculate the 
elementary composition of tho gas under opera¬ 
tion, the results being regarded customarily in 
volumes (reduced to some tacitly assumed con¬ 
stant disgregation) of tho respective elementary 
substances. For uniformity’s sake this system 
is extended even to the carbon, one volume of 
carbon being used as a phrase for the quan¬ 
tity of carbon contained in two volumes of car¬ 
bonic anhydride. This mode of reporting comes 
to the samo as stating the quantities of hydro¬ 
gen, oxygen, Ac., as multiples of the molecular 
weights H 2 ,O a , N.,, and of the double atom G a 
of carbon. In the sequel wo sometimes use 
IX.O.j, N 2 , C0 2 , CO, as symbols for ‘ 1 volume.’ 
When in a calculation wo have to refer to a 
certain (reduced) volume of carbonic acid we 
designate it by tho letter k ; in a similar sense 
s refers to oxygen; w to water vapour; fl to 
nitrogen (‘ n ’ is reserved for the atom); a to 
contraction. Tho following examples explain 
tho method: 

I. Tho gas is a mixture of hydrogen and 
hydrocarbons; i.e. 1 vol. =* aC ,,jSIX. We deter¬ 
mine the following gas-quantities: 

0) The voluino of tho sample, as . v 
1 ) „ „ plus 

added oxygen, as . . . v t 

And after firing 

(2) The volumo of tho total product 

measured cold, as . . v a 

(3) The volume of tho residue left after 

removal of the carbonic anhy¬ 
dride, as . . .v. 

The quantity of carbonic anhydride produced 
in the combustion is * k’«*v 2 —v„ whence 



The hydrogen is calculated from the * con - 
traction ,’ meaning the difference «o’=v,-v„. 
thus: Vj = v + s, where s stands for the added 
oxygen. 

v a k + oxygen left unburnt, which is s - k - x, 

* The mixture H.+iO, obtained tn the electrolyala of 
water. 



BOO 


AHALTS88. 


where « means the oxygen which converted the 
hydrogen into vmter. Hence o - v, — v,“ 
r + a - [k + (s — k - ®)] or o ■» v+*i fienoe 

c-o-v, and (8 

v 

The Bum a + 8 is, of oourse, always greater 
than nnity unless a=0. 

We will assume now 

II. That the gas contains (in the v units 
taken for analysis) z volumes of free oxygen 
and y volumes of free nitrogen beside v 0 of 
hydrocarbons; both z and y 'being unknown. 
Here we at once see that the measurements of 
v,,Vj, v„ do not enable us to calculate z or y. 
But we cannot even calculate the volumo x of 
oxygen which combined with the hydrogen in the 
combustion; because from case I. we seo that 
jc = c-v„, and v 0 is unknown. Nor does a direct 
determination of the oxygen-residue s r in v 3 help 
us, beoause s r is a function of c, independent of 
B and >. We have, in faot :— 

s, = z + s-x-Ki 
c=v-(z + y) + x\ 

b,+o=u—k + v— y; 


we had better at one* oaleulate the proximate 
components (N», N,0; 0, dto.) directly from the 
data of the combustion. 

IV. Let us now see how far the method or 
combustion goes as an indirect method of proxl- 
mato analysis. Let us assume that we have to 
deal with a gas of the nature pro-supposed in 
case III., and that the quantities, k, c, w, #, 
have been determined, and none of them found 
c 0. We also assume that wo know the formula 

of all tho several species I., II.,.. which caa 

possibly bo present. To find the quantities of 
these contained in unit-quantity of the given 

gas (x 1 for I. j x" for II.) wo might begin 

by calculating tho elementary composition of our 
gas, i.e. the coefficients in the average formula 
aC..0H,.7O 2 .5Nj^l vol., and then express these 
I algebraically in terms of the special values aa!* 
., 8', .. Ao., appertaining to tho com¬ 
ponents I., II.. Ac., thus, 

a «= a'x' + a"x" + a"V", Ac. . . I. 


8=8V + 8"x" + 8''V", Ac. 
7=7V t"x" + y" f x ,lr } Ac. 
S = 5V + 5"x" + 5"V", Ac. 


II. 

III. 

IV. 


8Ud S r =-C + S-K + V-p. 

The determination could only confirm this 
calculation. If z is known to be = 0, or z and y 
oonjointly are known to be so much air, the 
problem becomes easy of solution. 

III. The gas is aC..8H,.TO : .8N., = 1 volume; 
states of combination unknown. If we add to 
the values (for v of substance) of u and 0 that 
of the nitrogen in tho ultimate residue (let 
its quantity be —$) wo have a and 5 at once. 
But, (even supposing wo did not care for 7), to 
determine 8 we must measure tho quantity, w, 
of steam produced in the combustion, l’rom 

w we have 8= -w; and from this, and the con- 

V 

traction c, we can calculate 7 thus; let s„ 
denote the quantity of oxygen which, con¬ 
jointly witli the oxygen in the substance, is 
just sufficient to burn the substance into CO,, 
HjO, and N... and let s r bo the surplus added, so 
that s r + B,=s; we have 

V, = V + S 0 + Br 
V 2 = jl + K + S, 

c=V4-8„-<)-k; 

•r, v,-v 3 = v + s„-jl. 

Now, it was obviously the oxygen sum s, + T7 
which produced the H,() and CO s ; hence, 

8„ + V7 = E+ >iv; 

7--i(K + -'w-s„). 

Whenever, in a gas of unknown constitution, 
oxygen may be present, the determination of w 
become? indispensable, because without it tho 
water possibly present in a gas would escape 
us altogether; we could not, for instance, dis¬ 
criminate between ethylene and oxide of methyl. 

The case which we have just been discussing 
includes that of tho analysis of any gas 70. r 5N 2 
which is combustible by means of hydrogen. 
Because tho added hydrogen, for calculating 
purposes, may be included in the ‘v’ of our 
formula), to be ultimately allowed for. In 
practice, however, tho variety of proximate com¬ 
positions included in tho formula yO.^N., is 
very small, so that, in the case of such a gas, 


In practice, of course, wo need not calculate 
a, 0, &c., but may at onco form equations between 

= io = c; -$=n, &c., aud tlio special 

V V V 

values k'k"..., c f c' r ..., n'n" thus— 


k = k'x* + lc"x", &c. . . . I-fl* 

C = c'x' + C'V', etc. • • • 11.(1; 

w = w'x'+ w' , x", & c. . • • III.u. 

w= n'x' + n"x'\ Ac. . • . VI.a. 

1 = x’ + x", etc. . . • V.a. 


and solve these equations; but the former set 
shows more clearly how far the method goes as 
a method of proximate analysis. 

From either set we at once seo that if tho 
number of potential components does not exceed 
five , we can in general calculate the quantity 
of each in unit quantity of gas, i.e. x' x"...x'. 
In general we say, because obviously if one or 
more of the co-ellicients a, 0...is = O, so many 
equations collapse; in the case, for instance, of 
7=0 and 8 = 0, only three equations are left. 
And (to adhere to tho example) if it should 
happen that all tho values of 0 are the same func¬ 
tion of the respective values a, then equation II., 
or, if you prefer it, equation I., is lost, and only 
the case of two components is susceptible of a 
solution. A similar result occurs if all the com- 
ponents should happen to contain tho same 
number of hydrogen-atoms (or tho same number 
of carbon-atoms) per molecule. Supposing, 
for instance, all the components were of the 
general formula C x II fl then 0 would by necessity 
be = 3, and equation II. would be resolved into 
3 = 3#' + tix" + 3;e"'... which is a mere repetition 
of equation*V. And similarly, if all the compo¬ 
nents were di-carbon gases, equation I. would 
become useless. 

The general rulo is, first of all to find out 
how many of the quantities k, c , n , to... in addi¬ 
tion to our knowledge of the constitution of the 
gas , we sheuld need to calculate the co-efficients 
a, 0... of tho average formula. Suj^osing 4,8,2 
suffice, then (in general) 3, 2, 1, (but not any 
3, 2,1), equations of tho Becond set, taken along 
with equation V.,., will suffice to find thft un- 
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known quantities a/, a?".,, sought, provided their 
number does not exceed 4, 8, 2. 

For examples see the writer’s Tables to 
facilitate chemical calculations (Williams & 
Norgate). 

The following table gives the values of c, k, 
3„ w for several gases. 


L —Combustible by Oxygen . 



e 

1 

to 

v> 

n 

Hydrogen, II.. 

1-5 

0 

0-5 

1- 

0* 

Carbonio oxide, CO . . 

0*5 

1 

0-5 

o- 

0* 

Methyl-aldehyde, CII.,0 

1- 

1 

I- 

x- 

o- 

Ammonia, NH, . . . 

1-25 

0 

0-75 

1*5 

0*5 

Methylamine, CH^N 

1-75 

1 

2-25 

2-5 

0*5 

Cyanogen, N a C 2 . . . 

0- 

2 

2- 

0* 

1- 

Hydrocyanic acid, NCH 

0-75 

1 

1-25 

0*5 

0*5 

Marsh gas, CH 4 . , . 

2- 

1 

2- 

2- 

0* 

Acetylene, C.,II 2 . . . 

1-5 

2 

2-5 

i- 

0* 

Ethyleno, C„H 4 . . . 

2- 

2 

3- 

2* 

0* 

Ethane, C a H„ .... 

2*5 

2 

3-5 

3* 

0* 

Propylene, C 3 H„ . . . 

2*5 

3 

1-5 

3* 

0* 

Propane, C a H, . . . 

3- 

3 

5- 

4* 

0* 

Oxide of mothyl, C JI^O, 

2- 

2 

3* 

3* 

0* 

Benzene, C 8 U, . . . 

25 

0 

7-5 

3* 

0* 

Ivol.-C.H^ . . . . 

1 + l 

a 

■ + ! 

0*5/3 

0* 


II. —Combustible by Hydrogen .* 



6 \ 

h 

to 

n 

Nitrous oxide, N a O . . 

i* 

i* 

i* 

i* 

Nitrio oxide, NOf . . . 

1*5 

i* 

l- 

0*5 


The Practice of Gas Analysis. 

In this section we take cognisance only of 
the chemical methods, and in regard to these 
confine ourselves in the main to those apparatuses 
in which mercury serves as a trapping fluid. 

Taking ordinary laboratory appliances for 
granted, all that gas analysis demands of special 
apparatus is: a barometer, a pneumatic trough 
with transparent sides, and a series of glas3 
tubes, closed at one end and open at tho other, 
and provided, virtually, with t\>o scales, of which 
one divides the gas capacity, and the other the 
axis, into units of sufficient smallness. One or 
more of those tubes must bo provided near the 
closed end with a couple of fused-in platinum 
wires so that a combustible gas-inixturo in it 
may bo exploded by means of an electric spark. 
The possibility of obtaining exact results by 
means of these simple contrivances is proved 
by the fact that all the great gasomotrio work 
of Cavendish and Gay-Lussac, which laid the 
foundations for our present chemistry, was done 
with apparatus like those referred to, or even 
with apparatus of a lower order of complexity. 
Of course to obtain exact results wo must bo 
alivo to all tho numerous sources of error 
involved, and eliminate them as far as possible 
experimentally or otherwise. It is one of the 

t 

• A=hydr#gon neocssary for combustion, 
t NItrio oxide oannot be burned with H, alone; it 
: requires ndditlon ol a certain proportion of N,0 ; and even 
then the combustion Is irregular (Bunsen, Hat. Meth. 
tnd Bd. pp. «, 96). 


merits of Bunsen to have done this for us, and 
to have thus brought the old method of gas 
analysis into a form which, on the score of pre¬ 
cision at least, leaves nothing to be desired. 

Bunsen's Apparatus and Methods. 
The first requisite of exact gas analysis, Bunsen 
says, is a special room in which the tempera¬ 
ture is subject to only slight, and to no sudden, 
variations. The ideal gas-room forms part of a 
substantial building; it is not warmed artifici¬ 
ally nor is it contiguous to any other room thus 
heated; and its jvindows face tho North, to keep 
out tho sun. In such a room the temperature 
during a working-day remains constant as a rule 
to within 1°C. although the variations of tem¬ 
perature of the outside air may amount to as 
much as 12°0. A characteristic of Bunsen’s 
method is that the chemical treatment of a gas 
is effected in tho tube in which it has been 
measured; but he uses two kinds of tubes, one 
for the absorptions, tho other (eudiometers) for 
the combustions. Both are about 20 mm. wide 
(inside measurement; in narrower tubes the 
capillarity assumes measurable values) and 
2 mm. or so strong in the body, which strength 
suffices even for the eudiometers. The absorp¬ 
tion tubes are about 250 mm. long, and are pro¬ 
vided with spouts, so that a gas contained in one 
can be transferred to another tube by laying 
down tho absorption tube in the trough. In the 
case of tho eudiometers a length of 500-600 mm. 
suffices for all ordinary purposes. Tho platinum 
wires are fused in somewhero near the closed end, 
and are bent so that the two ends stand opposite 
each other at a distance of about 2 mra. Every 
gas tube is provided with an etched-in milli¬ 
metre-scale, and the gas-volumes corresponding 
to the several marks are determined by calibra¬ 
tion, so that each tube is a laboratory, a volu¬ 
meter, and a manometer, in one. The scale is 
figured from the closed end downwards. To 
calibrate a tube it is fixed, open end upwards, in 
a vertical position; successive, exactly equal, 
quantities of mercury are introduced, each cor¬ 
responding to some 20 mm. of scale, and after 
each such addition the exact position of the top 
of tho meniscus in reference to the scale is ob¬ 
served by means of a horizontal telcscopo stand¬ 
ing at a distance of 1-2 metres, and the readings 
are taken down, care being taken, before each 
reading, to remove any air-bells that may be 
imprisoned between the mercury and the sides 
of the tube, by means of a long stick of whale¬ 
bone. The measuring off of the standard volume 
of mercury is effected by means of a short stout 
test-tube, ground exactly flat at its lipless rim, 
and provided with a lid of ground plate-glass. 
It is filled from a pipette-like reservoir provided 
with a long nairotv outlet tube and a stop-cock 
at the top end of this tube. If care bo taken so 
to operate that the mercury, while it fills the 
measure, forms one continuous mass, the forma 
tion of air-bells is easily avoided. The measure, 
while being filled, is held in a wooden clip (not 
directly in tho hand, which would cause the 
mercury to expand) while the lid is slung to the 
thumb of the same hand. The measure is filled 
to overflowing, the excess of mercury is removed 
by putting on tho lid, and the mercury is poured 
| into the tube. 

I The mercury-measure is assumed to hold 




* v ' volumes of mercury, v being so ohosen 
that, for differences of capacity at least, the 
numerical value of the volume corresponds as 
nearly as possible with the respective scale 
readings, so that, for small differences, every 
1 mm. of difference of level can be assumed to 
correspond to unit-volume ( i.e. to Av = l). 
Supposing after addition of k measures full of 
mercury the meniscus stands at r mm., the 
volume of the body of quicksilver now in the 
tube is kv units by delinition; but the gas- 
volume corresponding to n is greater than kv, by 
the volume x of the -shaped space between 
the meniscus as it is when the gas is being 
measured, and the meniscus as it was in the 
calibration. To determine x, wc pour some cor¬ 
rosive sublimate solution on tho meniscus (after 
having read off tho number r in calibration) 
which causes the meniscus to flatten out into 
a plane, and wo read the position of this plane 
which stands say at r-5 mm. Counting from 
some horizontal reference-plane 00 upwards, the 
volume of the mercury and the total space from 
00 to the horizontal plane through a are constant. 
The volume hx has become visible as a cylinder 
of the height 5 millimetres, and consequently 
of the capacity of 5 ‘ units.’ Hence the gas 
volume corresponding to point b is kv + 25. 
From the values kv + 25, and the corresponding 
readings r' r" r"' &c., it is easy (though tedious) 
to calculate a calibration table which gives all 
the gas-volumes from mm. to mm. directly. In 
reading off with a good telescope one soon learns 
to divide every individual degree into tenths by 
the eye; the (Av)s corresponding to them are 
found by interpolation fiom the tabular entries. 
Should the tube bo used for measuring over 
water, we removo the meniscus-correction by 
subtracting 25 from tho registered volume, and 
thus obtain as good an approximation to tlio 
gas-volume over water as is called for in such a 
case. 

During the course of the calibration the tem¬ 
perature of the mercury must be kept as nearly 
as possible constant, or else the values recorded 
for the lower marks may be very appreciably 
incorrect. It is well to record tho mean tem¬ 
perature t 0 during the period of calibration, and 
to determine the weight in grams of a measure- 
full (u * volumes ’) of mercury at t°, in order to 
be prepared for reductions of gas-volume to gas- 
weight. One gram of mercury at 0°C. occupies 
0*07355 c.c. (log. 2-806589), and the volume at 
t°C. is 0*07355 (1 + 0*0001814 t) c.c. 

To prepare a eudiometer for receiving a gas 
we first make it rigorously clean, and next, if 
the gaB is meant to be measured * moist,’ attach 
a small drop of water to the closed end, which 
during the operation of filling with mercury 
gets flattened out and spread over the inside, 
and so offers a large surface to the gas. The 
mercury is introduced through a long funnel- 
tube (provided with a stop-cock at tho bottom 
of the funnel) which goes to the bottom of the 
eudiometer. By means of this arrangement it 
is easy, after the introduction of the first thimble- 
full of metal, to let the mercury in eudiometer 
and funnel form one unbroken mass, and thus 
to avoid formation of air-bells at the sides of 
the tube. 1 

1 In regard to the aolleotion and preserratton of gas 


Assuming the gas to have been introduced, 
and the tube to have been fixed in a vertical 
position, we begin by preparing for the reading 
of the level of the trough by inserting a paper 
screen, provided with a <3 shaped perforation, 
between the mercury and the front (glass) wall 
of the trough, which gives a fairly distinct image 
of the lino of intersection between scale and 
trough-level plane; wo then suspend the ther¬ 
mometer somewhere close to the tube and next 
leave the room for a timo to allow tho gas to 
assume the temperature of tho air. On return¬ 
ing we read off: 

1. The position r of tho meniscus in the 
tube. 

2. Tho level of tho mercury in the trough, 

3. The temperature, t°. 

4. The barometer; let its height bo=nmra. 
This reading conies last because the barometer 
requires to be tapped before being read and this 
cannot be done from a distance. 

In the vast majority of cases the tempera¬ 
tures .. for the several gases to be com¬ 
pared do not differ much from their mean; 
hence, even if they differ considerably from tho 
temperature which prevailed in the calibration, 
the value furnished by tho calibration table for 
r can be put down as the correct relative 
volume of the gas measured; and the pres¬ 
sure of any mercury-column measured may be 
identified with its nominal height in mins, as 
read. Hence we have for the pressure of the 
dry gas at the observed volume p =* 
b + r— (u 0 -Mr) whero ir is the maximum pressure 
of steam at t°, and for tho gas-quantity (the 

volurno reduced to unit disgregation) v # s= -F-F—- 

27 o + t 

(see theoretical part). 

Bunsen prefers reducing fo 0°C. and 1000 
mm. pressure by the formula 

« - v * 

0 1000(1 + 0*003665f) 

which, if a table of tho logarithms of all the 
values (1 + a t) is at hand, is as short a mothod 
as tho ono recommended by us. 

Corrections of tube-capacities and raorcury- 
heights for variations of temperature occur 
only in the rare case when ono of the gases 
concerned in tho analysis was measured at an 
artificially established high tomperature t. In 
this ease the value v furnished by the calibra¬ 
tion table for the reading r must be corrected 
thus:— 

(True capacity down to r) ~v[1 + A(£- 1 0 )] 
where A stands for tho coefficient of the cubical 
expansion of glass, and may be put down at 
27*6 x 10" 8 . And for the observed height h of a 
mercury column measured at a high tempera¬ 
ture t we must substitute the height h Q of the 
equivalent column of mercury of t 0 degrees. t 9 
stands in both cases for the average temperature 
that prevailed during the determinations made 

in the ordinary manner. Obviously h 9 » — 

1 + k t 

and with sufficient exactitude. 

samples, and the mode of Introducing a scftople into the 
eudiometer, we refer to Bunsen’s UaxometriKhe Methoden, 
second edition, Braunschweig, 1877. The first edition. 
1857, wai’ translated IntoEiiRliah by Roscoe,and published 
by Walton and Maberley, London. 
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k m '00018.—Strictly ipeaking the nominal value 
l of a piece of nummetre^scale as measured at 
t should be corrected thus: 

(True length at t) =l(1 + (t-t 0 )9‘2 x 10 -8 ). 

(It l* easier to remember that 1000 mm. expand 
by 0*02 mm. per 100° of increase of tempera¬ 
ture.) But our work must be very exact to be 
wortn this correction. It is more relevant to 
state that whenever we wish to make use of 
Itcgnault’s determinations of absolute gas- 
densities we must measure by his unit of 
(temperature and) pressure, and consequently 
reduce our mercury-columns to true mm. of 
mercury of 0°C. Itegnault’s densities i>, on 
the other hand, ought to bo reduced to the 
gravity of the place of observation; this correc¬ 
tion, however, may as a rule be neglected. 

For the execution of an absorption the most 
obvious method is to shake the gas with the 
respective reagent in the liquid form, and to 
measure the gas-residue as it stands over the 
layer of liquid reagent. But this method is 
in general attended with a number of obvious 
grave errors, and, besides, does not readily adapt 
itself to the successive application of different 
reagents. To overcome these difficulties Bunsen, 
as a general rule, uses all the absorbents in the 
form of solid or semi-solid balls, fixed each to 
tho end of a platinum wire. Caustic potash, 
chloride of calcium, & c., aro cast in a bullet- 
mould around the coiled-up end of the wire. 
To bring sulphuric acid, alkaline pyrogallato- 
solution, and other intrinsically liquid reagents 
into a <2?f(m-solid form, a ball of some suita¬ 
ble porous material—battery charcoal for vitriol; 
papier-machd for pyrogallate, Ac.—is fixed to 
the end of the wire and the ball is then soaked 
in the respective liquid. In this manner it is 
quite possible to accomplish an absorption even 
with oil of vitriol, without soiling tho tube or 
tho mercury to an inconvenient degree, llc- 
agcnt vapours left after an absorption, or foreign 
vapours produced by the reagent— e.g. the S() s 
and SO. which aro always left after an ab¬ 
sorption of olefines by fuming vitriol—must of 
course be removed by suitable reagents (S0 3 and 
SO., by a soft potash ball) beforo the residue 
is measured. As small remnants of, for instance, 
KHO, remain unavoidably in the tube, the resi¬ 
dues must in general bo measured dry, because 
the pressure of water in the presence of moist 
KHO is incalculable. 

Tho weak point in Bunsen’s method is that 
it is tedious, and that it does not enable one to 
see the end of an absorption otherwise than by 
the repetition of the process with a fresh reagent 
ball. Bunsen himself has indeed come to effect 
carbonic acid absorption, by shaking the gas 
with solution of caustic soda, and measuring 
the gas-residue over the layer of reagent. To 
be ablo to correct for tho pressure of this layer 
and for the vapour-pressure of tho feagonl, lie 
employs it in the form of a standardised solution 
containing exactly 7 p.c. of NaOII, which has a 
practically constant specific gravity. He has also 
determined the course of the pressure-curve by 
standard experiments; the results arc embodied 
in a table appended to his QasomctrisHhc Mctho- 
den, second edition. 

In this connection we must refer to an 
Ingenious method devised by Russell ( C . J. [2] 


6). He introduces the reagents as solutions by 
means of a graduated syringe; and after they 
have done their work, removes them by means 
of a ball of cotton-wool, previously rendered air- 
free by kneading it under mercury. To remove 
what adheres to the tube and mercury he rinses 
tho inside with some injected water and removes 
this by a fresh cotton-wool plug. 

In the analysis of a gas by combustion a 
necessary preliminary step is to remove (and 
determine) what there may be of SO., CO., NH S , 
and similar gases, by suitable absorbents- Part 
of the residue is transferred to the eudiometer 
and measured. Let its volume (reduced to, say, 
unit disgregation) be equal to v units. The ne¬ 
cessary quantity of oxygen or hydrogen is now 
added and its quantity is determined by mea¬ 
suring the mixture (let its red. volume be v'). 
Tho mixture is now rendered explosive, if ne¬ 
cessary, by adding tho requisite proportion of 
fulminating gas, the whole is well mixed and 
prepared for explosion by pressing the open end 
of the eudiometer firmly against an india-rubber 
pad lying on the bottom of the trough. The 
upper surface of the pad must have been rendered 
air-free by rubbing it over with a few drops of 
corrosive sublimate and mercury. After these 
preliminaries the combustion is effected by pass¬ 
ing an electric spark through the mixture. After 
the combustion, the eudiometer is carefully lifted 
from its cushion, so that the mercury enters 
slowly and without drawing in air. Tho gas, 
after having been allowed to cool down to the 
temperature of tho room, is measured, to deter¬ 
mine its reduced volume v". From the data 
obtained so far, we have for the contraction per 
unit of original gas; 

( v'-v"). 

After this determination conies, if necessary, 
that of tho water produced, which of course is 
practicable only if the original gas and the 
added oxygen were used in the state of perfect 
dryness and any added fulminating gas measured 
exactly. To determine the water-of which 
part in general separates out in the liquid form 
—tho eudiometer is lifted out of tbe trough by 
means of a small beaker, and with it, as its 
temporary trough, placed within a glass cylinder 
through which a current of steam can bo passed 
to raise the temperature of the whole to some¬ 
thing like I00°C. The exact temperature t'" 
is noted down. If care be taken to arrange 
matters so that tho pressure of tho gas mixture 
produced is not more than 0'5-0'G atmospheres 
the steam may be practically regarded as a 
perfect gas, so that the measurement of the 
mixture enables or\ to calculate its quantity. 
If the red. volum§ of the mixture be v'", wo haTO 
for the steam per umt of original gas ; 

In this measurement tho corrections for tha 
expansion of the glass and mercury, which wore 
referred to above, necessarily come in. 

The determination of the carbonic anhydride 
produced is effected by caustic potash. In an 
aliquot part of the residue, the surplus-oxygen 
(or hydrogen if we have to deal with a gag 
oombustiblc by hydrogen) is determined, if ueoes- 
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•ary, Oxygen ean be determined by explosion 
with excess of hydrogen (its quantity is $ of 
the dontraotion), or it may be determined by ab¬ 
sorption with pyrogallate; hydrogen is deter¬ 
mined by explosion with excess of oxygen, § of 
the contraction is the volume of the hydrogen. 
The nitrogen is found by difference. The method 
of combustion—as a method of ultimato analysis 
at least—is susceptible of a high degree of pre¬ 
cision, which, however, is attained only if we 
take care to avoid its numerous sources of error. 

I. The reagents used mpst be absolutely 
pure, which of eourso includes absence of air; 
hence in any case the gas-evolution apparatus 
employed should be no larger than is absolutely 
necessary, so that the air-space is reduced to its 
minimum. 

Pure oxygen is easily made. A few grams of 
pure potassium chlorate are introduced into a 
little bulb blown to the end of a glass tube, and 
the latter is then drawn out and bent into the 
form of a gas-delivery tube. The rest needs no 
explanation. 

Pure fulminating gas is best produced 
electrolytically from 10 per cent, pure sulphuric 
acid. The two elements aro sure to be produced 
in the exact ratio of H. 2 :J0 2 , but whether the 
gas as it comes off really has this composition 
depends on the observance of certain conditions 
which cannot be formulated better than by a 
description of Bunsen’s apparatus {Pig. 1). 



The decomposition-cell consists of a cylindrical 
bottle provided with f used-in platinum electrodes 
aa, and terminating in a funnel; it is tilled 
with the acid up to about jjtlis of its capacity. 
The end e of the washing-bUbs and delivery- 
tnbe is ground into the neck of the funnel; a 
few drops of acid poured over the joint make it 
absolutely tight. Tho bulbs d are charged with 
a few drops of oil of vitriol to dry the gas 
evolved. The vbttlc is suspended within a bath 
of water c c (or alcohol to avoid its freezing in 
winter-time). .To produce a current of fulmi¬ 
nating gas, the wire ends bb are connected with 
the poles of a battery of font 1 Grove ’ or 
■Bunsen’ cells, and the gas evolved during the 
first five minutes is allowed to escape in order 
to expel the air, and to establish absorptio- 


metrio equilibrium between the gas above, and 
the gas held in solution by, the aoid. As oxygen 
has a greater coefficient of absorption (ff) than 
hydrogen (fi"), the first portions of gas that come 
off contain an excess of hydrogen. Besides, the 
ratio varies with the temperature; for 
this roason, and also to avoid undue heating of 
the conducting-wires, the bath is used, 

Imagino tho apparatus to bo so modified 
that the oxygen electrode is immersed in a mass 
of liquid zino-amalgam, which takes up tho 
oxygea as quickly as it is liberated from water, 
and you have Bunsen’s apparatus for producing 
pure hydrogen. But a sufficiently pure gas for 
most purposes can bo obtained in tho ordinary 
manner, namely, by the action of 10 p.o. (pure) 
sulphuric acid on pure zinc, in the presence of 
platinum, within a small, narrow-necked, flask. 
The hydrogen thus evolved is filtered through a 
short narrow tube full of fragments of eaustio 
potash to romove traces of sulphuretted hydrogen 
and moisture. 

II. The second point to be attended to is 
that the quantity of oxygen (or hydrogen) added 
to the gas to be burnt must bo in excess over 
tho calculated quantity (a large excess is not 
necessary). The mixture must be perfectly 
homogeneous before the spark is sent through 
it. 

III. Tho gaseous mixture must bo brought 
to a proper state of attenuation. Let us assume 
that tho gas to be burnt is a pure specimen of 
H, CO, CH„ or some other gas, CJI # . A glance 
at the formula shows how many volumes of 
oxygen we have to add to produce what we may 
call tho respective fulminating gas. Thus the 
equation C.1I, + 30 2 = 2CO, + 211,0, tells us that 
every one vol. of ethylene needs 3 vols. of oxy¬ 
gen. Any fulminating gas will explodo when 
tho spark is sent through it at the ordinary 
pressure, but the force of tho explosion is in 
general more than tho best endiometor will 
stand. To avoid such accidents, we must 
attenuate the gas by addition of diluents (such 
as surplus oxygen or air), or by mere expansion, 
or in both ways. In practice wo must go even 
beyond the safety point, because in most cases 
nitrogen is present even in tbo original gas, and 
a considerable quantity of this nitrogen may be 
converted into nitric acid if the temperature of 
tho flame is too high. But we must take oare 
on the other hand not to attenuate too largely, 
or else the mixture may miss fire, or, wliat is 
worse, sutler only partial combustion. The effect 
of an explosion—in the chemical, physical, and 
mechanical, sense—is determined by many inde¬ 
pendent variables, which, if arranged in the order 
of their importance, would begin with the che¬ 
mical constitution of the gas to be burnt, and end 
with tho relative narrowness of the eudiometer. 
But given a certain eudiometer, and suppose it to 
be charged with a certain fulminating gas whieh 
contains, let us say, unit vol. of the respective 
'fuel,' measured at tho ordinary temperature 
and the pressure of one atmosphere, the attenua¬ 
tion of this gas to a certain eudiometer spaoo, 
equal to 4 units of vol., will render tho explosion 
both safe and effective. A of eourse^ias one value 
if tho attenuation be produced by mere expan¬ 
sion (mero reduction of pressure), another value 
if it he produced—at. say, 1 atm. pressure—by 



addition of air, a third, fourth, (fee., in into* 
mediate oases; each case fortunately admits of 
a liberal toleration, ± (A a). The a for a given 
species of fuel can of course be determined only 
by experience; supposing it has been ascertained 
for H, CO, CH 4 , and the value for CH 4 is A n , we 
might suppose that the proper a for C 2 H 4 or 
C,H 0 would be about 2a 0 , that for a C 3 -gas about 
8a 0 , Ac. ; but unfortunately the supposition is 
not borne out by experience; C. 2 H 2 , for instance, 
explodes far more violently than C 2 H 4 , although 
it contains less hydrogen per molecule. But to 
pass to experience. According to Bunsen and 
Kolbe, the explosion of ordinary fulminating 
gas (H 2 + £0 2 ) in admixture with air takes its 
normal course at from 500 to GOO mm. total 
pressure, if the percentage of the explosive gas 
lies between 20*8 and 39*1. According to our 
calculation from the data of the five experiments 
recorded by Bunsen, this comes to the same as 
saying, if the partial pressure of the fulminating 
gas lies between 108 and 230 mm.; or if a, re¬ 
ferred to the hydrogen, is between 4-1) and iO’5. 
If a > 105, the gas fails to burn; if a < 4*9, 
nitric acid is produced. In the combustion of 
a given quantity of oxygen by added hydrogen, 
we may use 3-10 volumes of the latter, per 1 vol. 
of oxygen, if we start with almost pure oxygen. 
In the analysis of ordinary air, 0 5 — 1 vol. of 
hydrogen per 1 vol. of air works well (Bunsen). 
Whenever hydrogen is used as a reagent, the 
chance of nitrogen being drawn into the com¬ 
bustion is relatively small, so that wo have greater j 
latitude oil this score, in choosing our conditions, j 
If the oxygen to bo determined is accompanied ! 
by an unknown proportion of nitrogen, wo first 
try two volumes of hydrogen for one of total 
gas; if the mixture fails to explode properly we 
add the requisite proportion of fulminating gas, 
t.s. bo much of the latter that it forms about 40 
p.o., but no more, of the whole, and explode 
again; this time presumably with success (Bun¬ 
sen). In the caso of marsh gas, Bunsen directs 
us to add 8-12 volumes of air besides the neces- 


the dry gas. By mean* of thia apparatus, they 
ascertained, for each of a series of gases com¬ 
bustible by oxygen, the minimum pressure at 
which the undiluted fulminating gas is exploded 
by an electric spark, and also a range of pres¬ 
sures at which the explosion is both safe and 
effectual. The following tabic summarises what 
for us are tho main results. To explain the 
headings let us give the reading of the table for 
CH 4 in full. Imagine a given quantity of marsh 
gas mixed with a little more than two volumes 
of oxygen; this mixture will explode normally if 
its pressure is reduced to i> = 140 mm. by mere 
diminution of pressure, the partial pressure of the 
CH, itself will now be at 47 mm., and its attenua¬ 
tion (as defined above) at a = 10 , that is to say, 
every 1G units of vol. of the expanded mixture 
contains 1 vol. of CH 4 measured at 7G0 mm. 



P 

P 


Pucl 

in millimetres 

A 

CH, 

140 

47 

16 

C a H, 

70-80,say 75 19 

40-5 

cA 

40-50, say 
80 

45 13 

69-1 

C 3 H, 

14-5 

52-2 

C,H, 

80 

13-3 

67-0 

CO 

243-219 

162-146 

4'7-5'2 

h 2 

176-127 

117-85 

66-9 


(Partial Pressures.) 


[H, 

176-127 

117-85 

4-9-10-6] 


[By Bunsen and Kolbo’s experiments (vide 
supra ); air added as diluent; total pressure in 
tho mixture as exploded, 520-590 mms.] 

With Meyer and Seubert’s, or some other 
equivalent, apparatus at hand, tho order of 
operations with a gas of unknown composition 
is as follows:—After having added a sufficient 
volume of oxygen, we next expand so largely as 
to bo certainly on the right side of the safety 
line, and apply the spark; if no explosion occurs 
wo repeat tho trial at successively greater 
pressures. Should the greatest available pres¬ 
sure fail to produce inflammability, we add a 


sary 2 volumes of oxygen, which, assuming the suitable proportion of ordinary fulminating gas 
mixture before the explosion to be at GOO mm., (H 2 + AO*) as above explained, Ac., Ac. 
makes our a equal to 14 to 19. For C 2 H 4 , his The Bunsenian mode of gas-analysis, while, 
directions are somewhat obscure, but in a test- perfection in regard to precision and elegance, 
analysis quoted by him, the pressure of the is very wasteful of time, for obvious reasons, 
mixture as exploded was 540 mms., and it con- which any reader who has followed us so far 
tained 0*04838 of its vol. of C 2 II 4 . Hence a «23*G; will easily discern. The desire to do away with 
and the partial pressure of tho explosive gas this evil has led to tho construction of quite a. 
(0A + 30.) was 100 mm. , series of moro or less complicated pas appa- 

The addition of largo volumes of air to tho ! ratus. Tho moro important of t'aeso are- 
gas to be analysed does not of course add to the described in tho following paragraphs. To 
precision of tho work generally, and in tho best avoid repetitions, let us state beforehand that, 
case will render the determination of the nitro- all tho apparatus to be noticed agree in tha 
gen in tho ultimate product somewhat uncertain, following points: — 

Thomas (O. J. 35, 213) was the first to sub- 1. For accelerating the absorptions the re¬ 
stitute mere expansion for dilution; the (Frank- agents are all use i as liquids, and the absorp- 
land) apparatus he used enabled him to do this tions are carried out in a special piece of 
without trouble. Lothar Meyer and Seubert (G. J. apparatus ( laborat Arc) ; the residual gas is then 
45,581) have lately taken up the same method transferred to the measurer, where it is saturated 
and rendered it available for Bunsen’s apparatus with vapour of water, and measured, 
by the invention of an auxiliary apparatus in 2. The measurer is immersed in a water-bath 
which a kind of mercurial air-pump, constructed to bring the gas contained in it to a definite 
on tho Geissler principle, serves to establish any constant temperature, without much loss of 
desired pressure at the same time in tho eu- time. 

diometer and in a moist-vacuum barometer, so 3. The mode of measurement is so contrived 
that the difference of level between the menis- that tho calculation of the gas-quantities (tha 
ouaos of fie two at onoe gives the nressnre of qs) becomes very easy or even unnecessary. 

Von. L R 
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while engaged in their great research on reepi- aperture than the sharp welt whieh it ~go< 
ration, felt the want of a quick-working appara- over, if the two halves of a" are sorewed againj 
tns for the numerous gas-analyses involved, and each other, they exert a powerful pressure, an 
at last adopted the combination represented in make the joint absolutely tight. The volumete 
figs. 2 and 2 a. The vertical tube a conjointly n, in the original apparatus, had only or 
with the moveable trough v constitutes the mark, somewhere about the middle; but tt 



laboratory; the measurer consists of a long 
U-tube, the limbs of which are of glass, while 
the bend consists of an iron or steel tube, ter¬ 
minating in two sockets b and c (see auxiliary 
figure 3), in which the two glass tubes b and 
e are fixed by means of a resinous cement. A 
two-way cock b below b (fig. 3) enables one to 
effect the necessary connections. Tubo b is 
provided with a couple of fused-in platinum 
wires near its top, so that it can be used for the 
combustions as well as for the measurements of 
the gases. Tubo c conjointjy with b serves as 
an open manometer. The capillary ends of A 
and b are cemented, each into the socket of a 
capillary steel stop-coek, and the ends of the two 
eteel-fittings which face each other are shaped 
so as to constitute the two halves of a llajnaul'- 
coupling, so that the two tubes can bn united 
hermetically,or can be separated, at a moment’s 
notice. The construction of a Regnault’s coup¬ 
ling is seen from fig. 4. To unite a and b, the 
convex end of r (lig. 4) is smeared over with 
melted india-rubber, pressed against the con¬ 
cave part a' b', and the two are then bound 
together by means of the dip a". Ass the oonical 



inventors subsequently added two more, on 
close to the upper end, and one near tho lowei 
for the measurement of exceptionally small, o 
large, quantities of gas. The manometer c i 
not graduated, as the apparatus is intended t 
bo used with a catlntometer; whero this costl, 



instrument is not at hand, tube o must be pro 
vided with a millimetre scale. 

To prepare the apparatus for use it is placer 
on a sifbstantial support not jiable to inoon 
venient vibration, and tho three levelling screw 
of the stand aro adjusted so that tho tube 
B and 0 stand vertical. To determine th< 
relative gas-volumes corresponding to the thra 
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marks, the volumeter is filled with meroury, 
through o, and after the air-bells have been 
removed by the well-known artifices, the weights 
of mercury w,, w 0 , w 21 which the tube holds 
from its exit-end at r (fig. 2 a) to the highest, 
middle, and lower, mark, respectively, are deter¬ 
mined. For comparative measurements the 

volumes are put down as ^ 1 , —■»!, and W2 , 
w 0 w 0 w 0 

respectively. In the absence of a cathetometer 
the level points of the three marks on the scale 
c must be determim /1 with the help of an ordi¬ 
nary gas-room telescope. Lastly, a drop of water 
is introduced into b and spread over its surface. 
To analyse, say, a mixture of carbon dioxide, 
oxygen, and nitrogen, a sample of the gas is 
collected over mercury in a (perhaps with the 
help of an auxiliary-trough) ; tube a is coupled 
on to b (which is supposed to be quite full of 
mercury), and the gas is sucked into this tube 
by letting mercury run out at z. b having 
been closed by shutting the cock r, communica¬ 
tion is made with c, and mercury is run out 
until the meniscus in b stands at say exaotly 
the middle mark; the final adjustment is made 
with the telescope when the temperature of the 
gas has certainly become equal to that of the 
bath. When the final reading is made, b 
must of course communicate with c only. The 
reading of tho height h of the mercury column 
in c, counting from the respective mark up or 
down as the case may be, and the reading of the 
barometer, complete the measurements. Sup¬ 
posing h to be positive, and the barometer to 
stand at b, the gas-quantity measured is 
. ( y o — 1 ) * (h + to — ir). 

273+ t . 

To absorb tho carbon dioxide, the laboratory 
tube (which was loft full of mercury) is charged 
with a little caustio potash solution, and tho gas 
is blown into it from b. By letting tho gas 
travel forwards and backwards between a and a 
a number of times, the absorption can bo com¬ 
pleted in a short time. The residual gas is then 
sucked back into b, care being taken to shut the 
cock r* as soon as the potash solution comes to 
some mark <r, in the capillary part of a. The 
thread of gas from it tor which is thus lost i3 
of no consequence, as it amounts to only of 
v„. Tho mixture of nitrogen and oxygen is 
measured as before. The rest requires no ex¬ 
planation. If all tho sovoral gases arc measured 
at the same temperature and volume, the (dry) 
pressure p', r", p'", of courso may bo taken as 
representing their qs (red. vols.). 

Frankland and Ward, in 1853, introduced an 
ingenious modification of Begnault’s apparatus, 
which differs from the original model oliiefly in 
this, that the volumeter bears ten piarks, so 
adjusted that the respective gas-volumos are to 
one anothor as 1: 2 :3 .... 10 exactly, and 
that in addition to Regnault’s open tube o (Figs. 
3, 2a), there is a third tube, d, which terminates 
above in a stoppered funnel or stop-cock. Tube 
» stands in the same water-bath with»B and o; 
when used it uontains only mercury and a little 
water, and thus assumes the character of a 
•moist* barometer, which serves to directly 
measure the dry pressure of the gas shut up in 
a. Tube o (In F. and W.’s apparatus) serves only 
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for the introduction of the meronry. The level* 
of the ten volumeter marks, in reference to the 
scale on the barometer, are of oonrse determined 
once for all, hence the measurement of a gas, 
supposing its volume to have been adjusted to 
one of the ten marks on the volumeter, involves 
only ono reading, namely that of the height of 
the meroury column in tho barometer, which 
balances the (dry) pressure of the gas. Another 
advantage of F. and W.’s apparatus is, that for 
each gas measurement it gives one the chores 
among at least some threo of the ten standard 
volumes, and thus enables one to reduce the 
error by an obvious method of repetition. Un¬ 
fortunately, however, the barometer rather 
aggravates what in tho original apparatus is a 
sufficient trouble, namely, the liability of the 
apparatus to get out of order. However care¬ 
fully it may have been constructed, the joints 
between the glass tubes and their sockets are 
sure to beeomo leaky, and the capillaries between 
the laboratory and the volumeter are exaspera- 
tingly fragile. 

McLeod [1809] (C. J. [2] 7,314), and Thomas 
[1879] (C. J. 3a, 218) endeavoured to remedy 
these evils, and to effect other improvements. 
For details see the papers referred to. 

Infinitely handier than ltegnault’s unwieldy 
machine, though not quite equal to it in poten¬ 
tial precision, is 

Doyire’s Apparatus .—(First notico dates 
from 1818. Full description in A. Ch. [3] 28,1.) 
The essence of Doyire’s system is that the 
measurement of tho gases is effected in a plain 
graduated eudiometer, whilo a series of Ettling’a 
gas pipettes serves for tho chomical treatment 
of the gases, and their transference from vessel 
to vessel. The Ettling gas-pipette is depicted 
in tig. 5, and a glance at the figure suifioes to 



show, in a general way at least, how the instru¬ 
ment is used for the transference of a gas from 
one tube to another; nor is it necessary to for¬ 
mulate the conditions or limits of its availability. 
The measurer (fig. 6 ) when in uso is suspended 
over a pneumatic trough, deep enough to admit 
of the total immersion of the meaBuror, and is 
surrounded by a mass of water contained in a 
cistern whose sides are of plate-glass, while the 
mercury of the trough forms its bottom. To 




prepare the measuror for the reception of a gas, 
it is oleaned, slightly moistened inside, trans¬ 
ferred to the trough by means of the portable 
mercury trap (fig. 7) fixed in the clip l, and 
filled with mercury by sucking out tho air, by 
moans of tho (J -shaped tubo (fig. 8). The gas, 
whioh we will supposo to be contained in a gas- 



pipette, is then blown in, to be measured at a 
certain fixed disgregation, which is kept rigor¬ 
ously ccnstant for the sot of gas-quantities to 
be compared. A glance at fig. C at once suggests 
a mode of fulfilling this condition. But tins 
mode is not Doyuro’s. He allows the tempera- 
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tore of the bath and the barometer to take care 
of themselves, but before each measurement he 
■o adjusts the height of the water in the bath 
(hat the volume of a certain fixed quantity of 
ftir, shut up over water at a place within the 
water of the bath, assumes a certain fixed value, 







Fig. 9. 


mometer whioh iB fixed against a glass-plate, 
and, by it, suspended at a certain (by intention 
constant) height over the mercury-levol of the 
trough. The water of the bath goes to some 
point b in the ascending branch of the capillary 
U-tube; ba is a thread of air; from a down¬ 
wards there is a continuous mass of water, over 
which the standard body of air is shut up at 
n. Before each gas-measurement, tho height 
of tho water in the trough is so regulated (by 
means of taps) that meniscus a stands at some 
determined point of the scale, and the air which 
serves as regulator is consequently at some fixed 
volumo v 0 . This being done, tho eudiometer 
is raised or lowered, until the height of the 
column of mercury suspended in it is at some 
fixed value, h 0 . As a result, the gas is now 
practically at least, at a fixed disgregation. 


Proof. The pressure of tho gas exceeds that of the air 
of the regulator by A+p,+A 01 where A stands for tho 
height of n * over ’ a (we refer to the regulator), and p„ for ' 
th<-‘ height from the level in the trough to that in n of tho 
regulator—both reduced to mercury. With a properly 
chosen h„, the value c=A-fp s -A 0< if not nil, Is at least 
email, and nearly oonstant. Now supposing we have, for 
two successively measured quantities of gas, I. and II.: 

i» n. 

For the regulator-air v 0 , t' ; v'. v 0 ; T "; p". 

For the gas . . . v'; T / ; (p'+e) V"; t"; (p"+c). 

As the regulator-air is at the constant volume, v„, we 
have 

T ; _ t " 

V v" ., L 

The ‘reduced volumes’ (the qs) of the two gasee are 

, v'fp'+e) . „ v"(p"+c) „ 

«'■=—?—«ndq"=—77— . . . n. 

and, M c to but iniall, we may write 
p'or p" 

Q' v' ( . e / p"-p \ » 

^=V'1 1 + i 3 • m 

At both factors In the second term with the briefest J j 
are rery small, we hare practically, * 
q' 

<j " y"' 

As the measurer la necessarily very smell, 
the adjustment of h„ must be made, end the 
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gas -volumes read, with more than ordinary 
exactitude. Doy&rs accordingly provides a 
■mall short-vision telesoope, whioh has a glass 
miorometer-soale (fig. 10) in its locus. The 
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telesoope is attached to a three-legged stand 
(which rests on a horizontal glasB-plate fixed on 
the table close to the trough), in such a way 
that in all the necessary shiltings the optioal 
axis remains parallel to, or when necessary, in, 
the same horizontal plane. To adjust h, the 
telescope is so focussed that it gives a distinct 
image of the mcroury meniscus in the trough, 
which image is then made to coincide with line 
o-o' (or bb' if the telescope is an astronomical 
one). The eudiometer is then lifted or lowered 
nntil the image of the top of its meniscus 
touches the central line a-a', which assigns to 
h o a definito, though unknown, value. This 
adjustment being made, the telesoope is drawn 
backwards a little on tho glass-plate to afford 
a good image of the eudiometer-scale, and to 
enable one to read the volume of the gas. The 



lie. 11. 


miorometer-scale serves to sub-divide the indi¬ 
vidual divisions on the eudiometer, which it 
does with an amply sufficient degreo of precision. 
Before reading h, the eudiometer must be tapped 
to bring the mercurial meniscus into its normal 
shape. 

Assuming now that a gas, measured as de¬ 
scribed, contained carbon dioxide and air, and 
that we wished to determine the carbon dioxide 
by absorption with caustic potash. We begin 
by charging a gas pipette with mercury to about 
the,extent shown in fig. 5. Wo then take the 
pipette to an auxiliary trough, immqfse its U 
in the well, awd, after having blown out tho air, 
suck in the requisite quantity of caustio potash 
solution from a test-tube inverted over the 
trough, taking oare not to let any more mercury 
follow than i» > tecteeary (praotically) to trap 


tbs contents by a thread of mercury i i. We 
then transfer the pipette to the measurer con¬ 
taining the gas (as indioated in fig. 6), press 
down the measurer over the outer branch of 
the U. and transfer the gas from the measurer 
to the pipette, by sucking at a, until drops of 
mercury are Been to fall into the working bulb, 
hut no Imger. Things are now in the condition 
depicted in fig. 11, and all that remains to be 
done is to agitato the contents gently so as to 
insure absorption of the 00 2 , and thon to return 
what is left of the gas to the measurer. This, 
however, is a delicate operation, which in the 
hands of a beginner is not unlikely to fail. The 
first step is to replaco tho pipette under the 
measurer, to lower the latter sufficiently (», 
infra), and to blow into tho pipette so as just 
to dislodge the mercury thread i l. Supposing 
the pipette contains no more surplus meroury 
over and above that which was in it at the 
beginning, then as long as tho meniscus in the 
eudiometer is below or at a level with that of 
the mercury in the trough, as it is underneath 
tho bath, only part of the gas will pass out of 
the pipette into the eudiometer. The second 
step is to lift the pipette, so that its outflow 
end, b (fig. 6) or l (fig. 11), becomes visible 
within the gas-space of the measurer. As long 
as it is there, and the pipette is kept vertical, 
whether the gas flows out of B, or iu at B, or 
remains at rest, depends mainly on the pressure 
of tho gas in the eudiometer, and consequently 
on the altitude of the latter. But this altitude 
we have under absolute control. Hence what 
we have to do is carefully and slowly to lift the 
eudiometer until the thread of liquid reagent 
which makes its appearance as soon as the bulk 
of the gas is out, has come to, say, 2 mm. from 
the outflow end. We then stop sucking, put the , 
pipette down on the table (which of course at 
onco seals the end b witli mercury), suck at a 
until we see mercury dropping into the pipette, 
take the pipette out of the mcroury, and put it 
on tho table to have it at hand for a repetition 
of the absorption. 

The sequence of operations described is not 
quite so easy in practice as it looks on 
paper, because success depends largely on the 
permanence of the position of the pipette in 
reference to the plumb-line. Tilting over the 
pipette in the direction of the (J means adding 
to the pressure of the gas inside; and vice vend. 

For the oxplosions, Doyire provides a special 
Btout pipette, with fused-in platinum wires, ito.; 
but the method of combustion finds little favour 
in his eyes, because his apparatus does not 
readily fall in with its requirements. 

In conclusion, the writer may be permitted 
shortly to dosorije an apparatus of his own 
invention, which, thanks to the valuable assist¬ 
ance of Mr. Lennox, he was enabled to con¬ 
struct on his own premises, and whioh has 
since done him good service. 

Dittniar's apjmratus, like Doybre’s, is based 
upon the Ettling gas-pipette. Apart from the 
necessary two troughs, it consists of the follow¬ 
ing three independent parts. 

The measurer (fig. 12) is a combination of 
a wide with a narrow glass-tube, after the 
manner of Gay-Lussac’s burette. The wide 
tube communicates by its lower contracted end 
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wrtii a long capillary tube of india-rubber, and volumes are counted from the point of the 
through it with a Geissler mercury-reservoir, junction, because, after the introduction of a 
At their upper ends both tubes are provided gas, the narrow canal firmly retains its thread 
with Geissler stopcocks; to the exit-end of the of mercury. The measurer holds a fixed posi» 
Wide tube is Boldered the capillary (J tube, tion on the right side of a pneumatio trough, a, 



dbaraoteristic of Ettling’s pipette. The wide provided with two wells, one for the U of the 
tube bears a mm. scale; the gas-volumes ccr- measurer, the other for that of the exploder, 
responding to the several marks are determined In regard to the exploder (fig. 13), wo have 

nothing to add to what is clearly seen from the 
figure, except the statement that the exploder 
in its present form is wider than the figure 
represents it to be, so wide, indeed, as to enable 
ono to expand a gas considerably before ex¬ 
ploding it. 

The absorber in its original form is repre¬ 
sented in fig. 14. For the interpretation of this 
fig. it suffices to say that a is a small mercury- 
reservoir which enables one to sweep out the 
thread of gas left in the capillary after the 
liquid reagent has been allowed to travel up to 
the safe side of the point of junction between 
the horizontal part of the capillary delivery tube 
and the stem of the roservoir. An improved 
form of the absorber (devised by Mr. Lennox) is 
represented in fig. 15. 

To prepare the measurer for the reception of 
a gas, it is completely filled with mercury from 
the reservoir, the stopcock of the side tube is 
turned off as soon as all the air is driven out of 
it, and a drop of water is introduced into the 
main tube at a suitable stage. 

The gaS to be measured must bq contained in 
a tube short enough to be within the range of 
the U : from this tube the gas is sucked into the 
measurer with the help of the reservoir, which 
ia then adjusted so that the gas-prewure in aide 


gravuueinu caiiDrauon, at a rigorously 



Pig. 14. 

constant temperature, maintained by means of 
the water-bath. The narrow bit of tube between 
the top of the measurer and its stopcock is a 
capillary of the same bore as the U; it joins 
oo quite abruptly to the wide tube, and the 
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Is about one atmosphere. The Btopoocfc at the 
■ide tube Is then opened, and the height of 
the reservoir is re-adjusted so that the menisei 
in the narrow and wide tube are in the same 
horizontal plane. A horizontal wire in the tele¬ 
scope facilitates this adjustment materially, but 
is not indispensable. The gas is now at the 
ressure n + 6 - it, where b is the height of the 
arometer, ir the pressure of the vapour of 
water, and b tho excess of the capillary depres¬ 
sion in the narrow side tube as compared with 
that in the wider branch. The temperature is 
of course that of tho water-bath. As both r and 
I oscillate with a series of measurements only 



within small amplitudes, it is expedient to 
reduce, not (for instance) to unit disgregation, 
but to somo mean pressure and temperature 
(if there has been any variation in cither or 
both) by means of some suitable formula, such 

wji+!**>-**{ 

< T 0 S 

where p 0 and t 0 stand for tho standard values, 
and the observed values are assumed to be 
greater than these by (Ap) and (At) respec¬ 
tively. If a table of the reciprocals of the 
practically occurring ps and ts is at hand, the 
calculation becomes so very easy that it is not 
worth while to set up a disgregation indicator. 

Technical Gas-Analysis. 

To meet the demands of chemical industry 
there has been invented a variety of methods for 
the rapid, though perhaps only approximate, 
analysis of certain classes of gas-mixtures. The 
methods all agree in this, that the use of mercury is 
dispensed with, the gases being measured over 
-water, or even perhaps over the respective ab¬ 
sorbent solutions. The Bunte Gas-burette may 
be quoted as a typical example of this class of 
apparatus. Imagino a long cylindrical pipette 
graduated for gas-volumes and provided with a 
stop-cock at each end, and oombinable with a 
reservoir by means of a long india-rubber tube. 
To analyse, say, a chimney-gas, the burette is 
filled with the gas by displacement, and the 
reservoir, after having been filled with water, is 
attached below. By placing the re^rvoir at a 
certain convenient altitude, and temporarily 
opening the upper cock, a certain volume of tho 
gas is shut off at the pressure of one atmo¬ 
sphere. In order now to determine the carbonic 
said, we suck out the water by an (easily ima¬ 


gined) auxiliary apparatus, and replace it by & 
solution of caustic potash, whioh is shaken with 
the gas. The caustic potash is then sucked out, 
water is let in, the original pressure is re-estab- 
lished, and the residue is measured. In a similar 
manner, the oxygen is determined by absorption 
with alkaline pyrogallate. 1 

Analysis by the Method op Titratioh. 

This branch of analysis comprises the appli¬ 
cations of what was described in a previous sec¬ 
tion as the titrimciric method of indirect weigh¬ 
ing. The method in any of its present forms 
is applicable only to such reactions as proceed 
readily in aqueous solutions; the reagents, ac¬ 
cordingly, are always used in the form of standard 
solutions (liqueurs titries), i.e. solutions the 
strengths of which are known in reference to 
the process under consideration. 

The amount of standard solution required in 
a titiation may be measured either by weight or 
by volume; in either case the measurement of the 
solution is only an indirect mode of weighing 
the active agent contained in it. The gravimetric 
method is certainly susceptible of the higher 
degree of precision ; yet the volumetric method 
iB universally preferred, because it is by far tho 
moro handy and expeditious of the two, and, if 
properly conducted, (with very few exceptions) 
does ample justice to even the best titrimetrio 
processes. 

The invention of volumetrio analysis must 
be credited to Gay-Lussac. Long before him, it 
is true, Stirling enunciated the principle of tho 
method, and Vauquelin and Desoroizille used it 
for assaying commercial alkalis; but to Gay- 
Lussac undoubtedly belongs the credit of being 
the first to bring the method into an exact form, 
and to work out all its technicalities in the most 
masterly manner. Volumetric analysis was Blow 
in progressing. Gay-Lussac's moro immediate 
successors, misled by his success in regard to 
silver, directed their attention almost exclusively 
to the translation of established gravimetric 
into volumetric methods; failing to see (what is 
now so obvious) that the number of reactions to 
which both methods are applicable must neces¬ 
sarily be very limited. 

Very little real progress was made until 
1856, when Bunsen, by introducing a new idea, 
gave a fresh impetus to investigation. Starting 
from the well-known reaction which takes placa 
when iodine solution is dropped into aqueous 
sulphurous acid (and which Langlois had 
already utilised for the determination of this 
substance), he established the conditions under 
which tho process takes the precise course indi- 
cated by the eq mtion; and on the basis thus 
gained he developed exact methods, not only 
for the direct determination of these two bodies, 
but also for the indirect determination, by 
means of tho same two solutions, of a whow 

* Professor Winkler, of Freiberg, has made a special 
study of this branch of gas-analyals, and has written two 
excellent books on the subject; one of these has been 
translated iuto English by Professor Lunge. To these 
books and another we refer for further Information. (J) 
Dr. Clemens Winkler, Anleiiumj zur chemitchen Analyte 
der Induttrie-Cate (Freiberg, Engelhardt, 1876). (S) An 
abridged edition of the same by the author. Translated by 
Lunge (Van Voorst, Loudon). Also, Neue Utthoden tut 
Analyte der Gate, ron Walter Hempel (Braunschweig, 
Vieweg u. Bohn, 1880). 
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miss of oxidising agents, for whioh an equiva¬ 
lent of iodine can be substituted by the purely 
qualitative'exeoution of oertain reactions. 

By this memorable research volumetric ana¬ 
lysis found its true sphere of action, as an in¬ 
valuable means for the determination of generic 
radiolos, such as the aotivo oxygen in peroxides, 
the loosely hold chlorine in perchlorides, the 
replaceable hydrogen in acids, the oxygen or 
ohlorine-equivalent of reducing agents j for a 
host of determinations, in short, whioh prac¬ 
tically lie outside the range of the gravimetric 
method. Where the two methods compete in 
the solution of the same problem, volumetrio 
analysis generally offers the advantages of greater 
promptitude and facility of execution; it, indeed, 
stops where with gravimetrio analysis the most 
difficult part of the work would begin. This 
advantage, however, is not an absolutely clear 
gain. The volumetrio method, so to say, does 
not look at the body to be determined, but, in a 
somewhat blindfolded way, only measures one 
of its ohemical properties, which in no case 
appertains to that body only; lienee errors are 
more likely to be overlooked, and are far more 
difficult of subsequent correction, in volumetric, 
than in gravimetric, analysis; for gravimetrio j 
analysis furnishes the thing to bo weighed in j 
the form of a definite compound, which can bo 
examined for its purity, and, if necessary, be 
purified before it is weighed. A small amount 
of iron, nickel, zinc, &o., whioh has escaped 
precipitation may be searohed for in the filtrate 
and recovered; any deficit or excess obtained 
in a titration is thrown away with the rest of 
the products. 

We have no space for a full history of our 
subject; yet wo must not forget to give credit 
to the late F. Mohr tor having contribut id largely 
to the modern development of volumetric ana¬ 
lysis, by his criticisms of old, and his invention 
of new, methods; by the construction of useful 
apparatus; and last, not least, by tho compila¬ 
tion (for the first time) of an original and com¬ 
prehensive handbook 1 on tho subject. 

In now passing to the systematic exposition 
of our subject, wo will begin with a few remarks 
ontha 

Graduated Glass Measures 
whioh serve for the preparation of tho standard 
solutions, and the necessary measurements of 
liquids generally. Volumetric analysis of course 
involves bnly comparative measurements; wo 
indeed never measure a standard solution other¬ 
wise than in reforenco to itself; hence the unit 
of volume may not only be chosen at pleasure, 
but need not bear any known, relation to the 
unit of weight. But tho only correct mode of 
gauging a liquid measure is to determine the 
weight of water it holds (or delivers); hence for 
those who are in the habit of using the gram as 
their unit of weight the most convenient unit of 
volume is the volume at (let us say) 16°C. of that 
mass of water whoso uncorrectcd weight in air is 


it is true, h the cubic centimetre, but it is this 
only nominally; the actual unit in almost all 
commeroial 1 cubic centimetre' measures oomee 
nearer to our fluid gram than to the nominal 
unit. From what we have said, the reader will 
understand that if in the sequel we apeak of 
cubic centimetres, or litres, these terms mean 
only unit-volume, and 1000 unit-volumes, 
respectively, unless it is clear from the context 
that we mean to approximately define an abso¬ 
lute quantity, or to refer to tho well-known 
relation between the litre and the kilogram. 

As all aqueous liquids wet glass, the mark 
on a litre flask, ike., can be correct only in 
reference to a specified mode of reading. The 
best mode is this, l’lace tho vessel so that its 
axis is vertioal, and look at the meniscus hori¬ 
zontally with one eye. The meniscus then 
appearsas a flat crescent-shaped strip. The lower 
boundary of this strip is taken as the line of 
reference, andtho real, orimaginary, mark on tho 
graduation with which it coincides (visionally) is 
taken down as tho reading of the liquid. The 
line referred to gains in sharpness of definition 
if it is observed in transmitted light, and a strip 
of black paper is fixed to the back of the measure 
about 2-3 mms. below the line. With only one 
of the customary standard solutions, namely 
the almost opaquo solution of permanganate of 
potash used for iron titrations, this mode of 
reading does not work. In the case of this liquid 
we must take the upper boundary of tho meniscus 
! as our reference mark; this upper boundary 
assumes its maximum definition if viewed in 
reflected light, and with a white background (a 
piece of paper) immediately behind it. Any 
reading mado in this exceptional manner is of 
course subject to an obviofis correction, tho 
! amount of which is ascertained by measuringthe 
I height of the meniscus of a transparent solution 
in the same vessel. In most oases, however, 
tho voluino to be determined is tile difference 
between two consecutive readings, so that the 
eorreetion in question becomes unnecessary. 

In a vessel whioh serves for measuring out a 
certain volume, tho small quantity of liquid 
which permanently adheres to tho glass must bo 
allowed for by the maker, i.e. tho scale must be 
constructed so as to include what would other¬ 
wise bo a necessary correction. In tho case of 
gradated pipettes this can of course bo done 
only on tho basis of a conventional modo of 
emptying out, which, when onco fixed upon, 
must bo rigorously adhered to. The thermic ex¬ 
pansion of glass may unhesitatingly be neglootcd 
in the graduation of a titrimetrio measure. A 
glass flask which holds 1000 e.o. at 15°0., at 
15 ± 10° holds 1000 c.o. ± 0'27 o.o.; i.e. only jA^th 
more or less. The thermio expansion of the 
solutions measured is far more considerable, and 
cannot in all eases be neglected. We shall 
come back to this point in tho next section. 

The chemist now-a-days has no occasion to 
graduate his own burettes, litre-flasks, &o,, but 
ho should never use a set of instruments— 


call it the * fluid gram.' In doing so we should 
not be guilty of any innovation. The customary 
onit with most ohemists and instrument-makers, 
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UMf. The first edition dates from 1847 ; Uw fourth and 
test from 1885, 


although they come from tho most famous 
maker—without having first testerfthem. The 
following is the method to be pursued. Passing 
from measure to measure, and with eaoh measure 
from mark to mark, measure in or out the 
several marked off volumes ol pure water of 
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known temperature, and determine their weights 
in grams. In tbe ossa of apparatus with a 
running-on scale, only every 10th or 20th mark 
need be checked in this manner, unless there 
are visible irregularities in the graduation. 
After having thus gone through the whole sys¬ 
tem, reduce all the water-weights to tko same 
temperature, say to 15°0. (i.e. from the observed 
weight of water of f° calculate the weight of 
water of 15° which fills the same space); divide 
eaoh corrected weight by the corresponding 
nominal volume, to ’find the weight-value of the 
aotual unit—and draw your conclusions. Sup¬ 
posing the several units agree fairly, select a 
suitable average valuo (not necessarily the mean, 
because the numbers are not all of the same 
weight mathematically) as the unit, and calcu¬ 
late the volumes corresponding to the several 
marks in terms of this adopted unit. The results 
ought, by theory, to agree with the respective 
nominal values, but in practice, of course, we 
cannot expect absolute coincidence. In a burette, 
for instance, which gives J o.c.s directly, we must 
tolerate ±0-1 c.c., and with the lower marks, 
even a little more. Whether the actual unit is, 
or is not, equal to the nominal is of no conse¬ 
quence; yet, if it is not, it is obviously advisable 
to note down its valuo—in fluid grams or o.o.s 
—for future reference. 

To facilitate tho calculations involved in 
such work as the graduation of instruments, 
tho writer many years ago calculated the follow¬ 
ing table;— 

A mass of water, which, in air of t°0., and 
7C0 mm. pressure, balances a brass kilogram 
weight, at t°G. occupies (1000 + x) fluid grants =» 
(1000 + y) true cubic centimetres. 


1° 

X 


<“ 

X 

V 

+ 0° 

-0-64 

+1-25 

+ 15° 

+ 0-00 

+ 1-89 

4 

0-78 

1-12 

16 

0-16 

204 

8 

0-1)8 

1-21 

17 

0-30 

2-20 

9 

0-63 

1-27 

18 

0-47 

2-37 

10 

0-56 

1-84 

19 

0-66 

2-55 

11 

0-47 

1-43 

20 

0-85 

2-74 

12 

0-38 

1-52 

21 

1-06 

2-95 

13 

0-27 

1-63 

22 

1-28 

317 

14 

0-14 

1-76 

23 

1-51 

3-39 

16 

000 

1-89 

24 

1-75 

3-63 


Preparation of Standard Solutions. 


In fixing upon the degree of concentration for 
a specified standard solution, we may allow 
ourselves considerable latitude. As a rule the 
nature of tho volumetric process for which the 
solution is to bo used may be left out of account; 
all we need look to is that the probable inherent 
error of tho method corresponds to a distinctly 
visiblo difference of level in the burette; say to 
0-1 or 0-2 o.c. according to the size of the ‘ c.c.’ 
With methods possessing a very high degree of 
inherent precision this rule would lead to an 
inconveniently dilute reagent. In such (rare) 
cases we help ourselves by supplementing a 
moderately dilute standard solution with a 
decimalsolution ,meaning a solution prepared by 
diluting the reagent proper with water |o 10 times 
its volume. Che decimal solution serves only 
to finish the titration which has already been 
almost completed by means of the standard 
solution proper. This system of course is a 
mere delusion unless the stronger solution be 
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measured with at least 10 times tho precision 
attained with the decimal one. 

The strength of any given solution should be 
so defined as to reduce the subsequent calcu¬ 
lations to their highest degree of simplicity. 
Supposing, for instance, wo have to deal with 
a standard sulphurio acid intended for the 
measurement of alkalis; evidently it would not 
be expedient to note down the number, n, of 
grams (or mgms.) of H.SO, or SO, which is 
contained in each litro (or o.o.) of tho roagent. 
As the number when calculated into KHO, 
NallO, NaX'O,, &c. has always to be divided by 
SO,H.,( = 98) or by JH 2 SO,( = 49), it is obviously 

better to calculato tho value= r (as a decimal) 

and put down this t as the strength of the 
solution. Were the solution intended exclu¬ 
sively for tho determination of soda, to be 
reported as Na,0, it would be still better to 

calculato tho value of ” * = t', and note 

down the weight t' (of sodium monoxide) as the 
strength of tho reagent. 

For the standardisation of a specified solu¬ 
tion wo have in general the choice between two 
methods; (1) a quantitatively exact synthesis; 
(2) an approximate synthesis, followed by an 
exact analysis. The first method may assume 
one of two forms; we either weigh out exactly 
so much of the pure reagent, dissolve it in 
water, and dilute to, say, 1 litre ; or else (if the 
pure reagent is not itself at haud) we analyse, 
say, a strong solution of the pure or impure 
reagent, by means of some very exact method, 
and synthesise directly on the basis of this 
determination. In regard to tho second method, 
the first step of course is to procure an approxi¬ 
mately correct solution. For example, let ua 
assume we wish to prepare a standard hydro¬ 
chloric acid containing exactly HC1 = 36‘5 grama 
per litre. An apology for such a solution might 
be obtained from the ordinary (pure) labora¬ 
tory acid, by determining its specific gravity, 
deducing the percentage, and synthesising on 
the basis thus gained. In all such cases it ia 
expedient to so allow for the uncertainty in the 
assumed percentage that the solution obtained 
is suro to be stronger than intended. In 
accordance with the rule, let us assume the 
actual strength, as found by analysis, to be 
p, instead of tho intended strength p 0 , and let 
p >p 0 . Obviously our ‘ v ’ litres of reaglSumust 

bo diluted to v=^i to bring the strength down 

from p to p 0 ; the liquid must not be diluted 

with v (-£— 1) =1:* litres of water, because the 
Vo 

two liquids when mixed would contract, and 
a little more than w litre, say (1 + «) w litre, of 
water would be necessary to bring up the volume 
to the intended value, v. In practice, however, 
largo volumes (such as we assume our v and ▼ 
to be) cannot be measured with adequate pre¬ 
cision, so that the second (theoretically faulty) 
method is generally the better of the two. It 
certainly is the better il the required correction 

is only small; if for instance (£— 1) ia some- 
Po 

thing like 0-03 or less. In suoh a case, it only 
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* “ calculated Is measured aoourately, the 
conwted eolation will be as near the intended 
itrength, p 0f as the given eolation was near its 
strength p. 

As an example, let us take Z -1 « 0 03: 

Po 

10 litres; = ± 0*5 litre (which is a liberal 

allowance); and we have 

— = ^ ± 00016. 

Pc P 

Even in such a ease it is dnly prudent again 
to analyse the corrected solution, to see that 
no blunder has been made. Supposing (to 
return to the example) the number p had been 
the result of three well-agreeing analyses, the 
intended value for p„ had been 37-00, and the 
analysis of the corrected solution had given for 
Pc the value 36-84; the most probable value for 
the actual strength would be (3 x 37-0 + 36-84) +4. 

. -Turning back, let us now assume p > p. In 
this case our v litres of solution should be reduced 
to S-v litres, by elimination of (1 + e) (1 -L) v =. 

‘ (1 + a) w\ litres of water. Even where evapora¬ 
tion would bo permissible, it is better to com¬ 
pensate for the surplus water by addition of 
the substance which served to make the solu¬ 
tion. Supposing we had used s grams of sub¬ 
stance for every 1 litre of reagent produced. 

Clearly 2 ^s = s 0 grams is what ought to have 

been taken One way then is to prepare some (say 

* “S e 4 <rf ‘j® 8olutlnn fa 7 moans of the corrected 
method and to determine its specific gravity 

thus^ ° rder t0 ^ a ^ le t0 re( * uce to weight; 

1 litre of solution (p,) . . . » 1000 it. grms. 
Weight of substance in it . . > , 

Hence weight of the water. . u 1000 t —, 

Or every gram of water requires " ' 

® = 1000 7r 0 —3 6 rm s. of substance to be 
converted into solution of the intended strength 
Po ; hence our o * (1 -«) a, * kilos, of water require 

* * (v e ) u ' c x , kllos - of substance. All that we 
need for the calculation of (1 + f )w is the specific 
gravity r of the unoorrected solution. Obviously 

(1 + f)» = 1000(w—JLirJ grams. In practice, 

tzr r ' T, i? 80arce ° iy advisabIe ‘o BO to all this 
“, 0a £k w* ’i , easy by Bome short out (based 
on the above) to name a number of grams of 
substance, which if added to one litre of solu¬ 
tion would bring up the strength to a little above 
Jr,. “ u PP° se Ac increase of volume involved in 
adding these grams of substance is less than 

ri/ht we ,"’w y K litre - Then > *° set tbings 
right, we calculate the correct mass of substance 


tended value p„ we may saieiy assume the snr. 
plus water per litre to be 1-JL litre, and add 

the exaot weight, *, of subftanco, which by 
calculation converts the small quantity of water 
into correct solution. The result (in the absenoa 
of blunders) will be quite correct even if v was 
only approximately measured, because a very 
small volume of water added or withdrawn from 
the total of v litres would make the solution 
absolutely correct (apart from the error in p 
of course). One point remains to be considered. 
Supposing the strength of a solution at t a degrees 
18 Pot what is the strength p , at t { degrees ? It 
would not do to calculate the correction from 
the expansion of puro water from f„ to t„ because 
all standard solutions expand more largely than 
pure water does. A correct method is to deter¬ 
mine the specific gravity (say the weight con- 
tamed in a narrow-necked 100 c.o. flask) of the 
solution at f„ degrees and at f, degrees. Sup. 
posing the weight of it is * at t , and ir„ at t„ 
we have p, = ^!p 0 . 

This correction of course is indicated only in 
the ease of very exact methods. But in their case 
it is best altogether to eliminate the nnoortainties 
of volume-measurement by effecting the final 
standardisation by volume and by weight at the 
same time j by determining for instance at the 
same time the weight in grams and the volume 
in c.o.s of the quantity of standard nitrate of 
suver^which is required for the exact ppn. of 

( 8a y) 100 ® rras " P ure chloride of potassium. 


for 1 + p litres, which is (1 + y) Pc t> weigh out 
what this mass is more tham the s grams 

Eon T e “ h htre ’ ? d f this t0 each Itoe of 
•olution as given, and dilute to 1 + u litre by 

ufs iv" r wa ‘ er \. If f> differs much from pi 
lion t0 s *'b' ht ’y over-correct the solu¬ 

tion, to determine tho exact value, o', which the 

^t^r ( haS - ?’>Pc as intended) to 
correct the strength, by dilution, as explained 
above. Up u only a little lees thaD the fa. 


This need not hinder ono in so adjusting the 
solution that the quantity referred to may for 
all ordinary purposes bo assumed to bo equal to 
100 c.o. For the purpose of a highly exact deter¬ 
mination, the bulk of reagent (e.g. AgNO, solu¬ 
tion) required, after having been measured out. 
is weighed into the (chloride) solution to be 
analysed, and tho small excess of substance or 
reagent left is determined by volumetric titra- 
tion with decimal solutions. 1 
. The adjustment of an analytically standard¬ 
ised solution to an exact pro-determined 
strength is advisable only if the solution is 
permanent, and is meant to bo used very fre¬ 
quently, otherwise it is better to note down the 
strehgth as it is, and calculate from it. A solu¬ 
tion known to contain 1-023 x IIC1 grams per 
litre is almost as convenient as one containing 
1 x HC1 exactly. Because for one or two analyses 
we can well afford to calculate, say, the product 

1-023 x —- J — 1 and for a very long series of such 

determinations the value may be calculated onoa 
for all and poted on tho label. 

On the Theory of Titration. 

Let A and b be two chemical species, whioh, 
when their solutions are mixed together, com¬ 
bine with, or decompose, each other in some 
definite manner. Is the reaction available for 
the mutual volumetric measurement of a and b, 
or (let us rather say) for the measurement of a 

oJ&BS P^T* *™‘*- ,«• ,v OcmpoPilon 4 1 
c ^ allen 8W Memoir*, page 4: alio hi* 
ExttxUes in faantUatt* Analytic sectionon 8ta-%eeUer. 
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by a ? It may be if, tinder easily realisable con¬ 
ditions, it proceeds rapidly, and, if it is possible 
under these conditions to recognise the point of 
Maturation with sufficient sharpness, i.c. the 
point from which onwards an additional drop of 
B-solution does not produce a recognisable 
change. In some cases the point of saturation 
defines itself naturally by coinciding with some 
sudden visible change, e.g. a change of colour. 
It does so, for instance, if the reaction is a double 
decomposition, a + b-c + d (where a , b , c, d, 
stand for definite rolative quantities of the ro- 
agents a or b, and the products o and d respec¬ 
tively), and if a (or b) is intensely coloured, 
while b, c, and d (or a, c, and n) are relatively 
colourless, or at least do not hinder the observa¬ 
tion of the colour of the last remnant of A, or a 
slight excess of b. 

Examples : 1, Oxidation of ferrous salt (a), 
by permanganate (b), with formation of ferric 
salt (c), and manganous salt (d).— 2. Decolourisa- 
tion of the intensely blue solution of cupric- 
ammonium salt (a), by the reducing action of 
(standard) cyanide of potassium (b), with for¬ 
mation of colourless double cyanide of copper 
and alkali metal (c), and cyanate and other salts 
of alkali (d). 

Sometimes when such colour-changes do not 
occur, they may be produced by addition to the 
solution to bo titrated of a suitable indicator. 
Thus: 1. Litmus solution may serve as an in¬ 
dicator in tho volumetric neutralisation of acid 
by alkali (or vice versd).— 2. Iron-alum may 
serve as an indicator in the determination of 
silver (salt) by added sulphocyanide of ammo¬ 
nium, the red colour of Fe(NCS) s becomes 
permanent only when all the silver has been 
ppd. as AgNCS, and a slight excess of sulpho- 
cyanido has been added. The indicator in this 
case would evidently be of no use if it were not 
the case that Fe(NCS) s , which is produced 
locally from the first, is decomposed as readily 
and in the same way by silver salt as the alka¬ 
line sulphocyanido is. A similar remark applies 
to indicators generally. If an indicator, while 
otherwise trustworthy, fails only to fulfil tho 
condition stated above, it may still be available 
in the sense that, instead of adding it to tho 
‘a ’-solution from the first, we may apply a 
little of it to drops of the mixture taken out at 
suitable stages in tho process of tho reaction. 
Thus, for instance, in tho titration of phosphato 
(a), by uranic acetate (b), prussiate of potash 
may serve as a drop-reagent, because, al¬ 
though unavailable as an indicator proper, if 
added to a drop of the mixture it produces the 
red-brown colour of ferrocyanide of uranium 
only if the uranium is present as (an excess of) 
acetate; the uranic phosphate is not decomposed 
by the prussiate. The action of an indicator 
need not necessarily consist of a colour-reaction; 
a ppn. if sufficiently delicate, is as good in piin- 
ciple, though not as a rule in practice because 
the locally-formed characteristic pp. will not 
disappear so readily on stirring up as the colour 
of a dissolved product would. • 

If the reaction is a steadily progressing ppn. 
of the essential radicle a in a by b, the end of 
the reaction of course coincides with the com¬ 
pletion of the ppn., i.*. the point when (sup¬ 
posing b to be added in successive drops) the last 


remnant of a has just been thrown down by the 
nth drop of b, so that the (» + l)<»t drop fails to 
give a turbidity. For such reactions we need no 
indicator or drop-test, although such may be 
very convenient. 

As soon as we have found some means for 
recognising the end-point in our reaction with 
sufficient sharpness, we can decide the question 
as to its availability by preparing standard solu¬ 
tions of a and b respectively, and determining 
the ratio a : b corresponding to the end-point 
under a sufficient variety of conditions. In a 
first series we work with the plain solution, 
but take care in one set of trials to begin with a 
and drop in b until the reaction is apparently 
completed; and in another set of trials we begin 
with b, pour in a slight excess of a, and then 
finish with b; this is done in order to see 
whether tho ratio a : b is independent of the 
mode of mixing. In a second scries, we add 
known, but varying, proportions of water. In a 
third series we add more or less fbut always a 
known weight (x) of this or that Dody x which 
in tho practical application of the method would 
be likely (if not sure) to be present, &c. From 
Series I. and II. we easily calculate the small 
excess of reagent b which must be added, per 
f c.c. of total mixture at the end, to produce a 
visible end-reaction. We then calculate for 

each trial the value k= and see 

v a 

whether there is a practically sufficient and 
available area of experimental conditions within 
which the ratio a : 6 has a constant value. Or, 
what comes to the same thing, we take the mean 
of all the ks (let it be =k 0 ), and see whether 
the values of v& as calculated by tho equation 
V6 = k 0 v o + /8f agree sufficiently with tno di¬ 
rectly observed values. Should this not be the 
case, tho process need not necessarily be given 
up as hopeless ; it may still remain worth while 
to see whether agreement between theory and 
practice cannot be established by adding a term 
c x to tho right side of the equation, where x 
stands for the weight of some subsidiary com¬ 
ponent x, and c is a positive or negative 
constant, whose value must of course be ex¬ 
perimentally ascertained. In such cases, how¬ 
ever, it is better to lenvo the chemical 
significance of k 0 , P, and c, entirely on one side, 
and to calculate them as so many empirical 
coefficients from the sum-total of the results. A 
formula thus obtained is of course of no prac¬ 
tical value unless P and c are so small that an 
approximate determination of f and x suffices 
for an exact calculation of the respective terms. 
As an illustration we may quote Liebig’s method 
for the determination of urea (a), in presence of 
chloride of sodium (x), by means of standard 
mercuric nitrate (u) as a pptnt. of the urea, and 
carbonate of soda as a drop-test for excess of 
pptnt. The exact volume v,, of morcuric nitrate 
solution (i.e. weight of HgO) to reach the end¬ 
point for a given weight (a) of urea, varies with 
the dilution, f, and the weight x of salt present; 
but Vf, is 1 in sufficient accordance with equation 
Vb**ak + Pf + cx, whose constants have been 
determined (virtually) by Liebig. 

Nothing said so far is based on the presumption 


’ Or at least is supposed to be. 
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that the exaot ohemioal theory lor the reaction 
between b and a is known. There are indeed 
. a number of useful volumetric processes which 
arebased upon unexplained,or only half-explained, 
ohemical reactions. Fehling’s method for the 
determination of glucose affords an illustration. 
If a dilute solution of glucose is dropped into a 
hot, strongly alkaline, solution of tartrate of 
copper (CuO) and potash, the CuO is reduced to 
•{a pp. of) Cu 2 0, the blue colour of the solution 
disappears, and the sugar suffers some unknown 
kind of oxidation. Yet the ratio between (say) 
dextrose oxidised and copper-oxide reduced, 
under specified conditions, is fairly constant, 
and the reaction is accordingly available for a 
fairly exact method for the determination of 
dextrose. 

The well-known process of Clark for the 
determination of the hardness of a water by 
means of standard soap might be quoted as 
another example. But sueh purely empirical 
processes, however useful they may be for this 
or that practical purpose, are of little import¬ 
ance as auxiliaries of exact analysis, which , 
demands of a titration-process in the first 
instance that in any given case the question of 
its applicability can be decided a priori with 
at least a high degree of (if not with perfect) 
certainty. And this is possible only if the 
process is based on a definite chemical equa¬ 
tion which gives a qualitatively and quantita¬ 
tively exact account of what is going on. 

From the fact, however, that some equation, 
a + b=c + d, is in itself a correct theory of tho 
action of a on u as resulting in tho products 
c and d, it does not follow that tho equation is 
a sufficient theory of the corresponding process 
of titration. Because experience shows that, 
in general, ready-made c and n when mixed 
together produce a and b in accordance with 
the inverse equation c + d = a + b. Hence 
supposing we start with a parts of a and add 
more and more of b, the end reaction is readied 
only when a part (say qa) of a is transformed 
at the expense of qb parts of b, while (1 - q) 
times [a + b) are still present in their original 
condition. Generally, q is a continuous 
function of the experimental variants (state 
of dilution, temperature, &c.), and the transla- 
tability of the reaction into a titrimctric process 
depends on the possibility of finding a sufficient 
area of conditions within which q is, at least 
praiki^Jly, equal to unity. 

If one of the products (c and d) separates 
out as an absolutely insoluble pp., or escapes 
as a gas, the reverse reaction does not occur, 
and q becomes equal to unity; the apparent 
end-point is the real end-poiifc of the reaction. 
Hence we should think that ppns. (we mean 
cases where that radicle in a which is really the 
thing to be determined, by uniting with the 
essential radicle in b, separates out as a pp.), 
should be pre-eminently suitable for volumetric 
application. Experience, however, shows that 
the reverse is true. Because in the majority of 
cases the pp. carries down more or less of one 
or other o! tho other reagents or products, and 
•so disturbs the quantitative relations. Very 
often also a considerable excess of pptnt. is re¬ 
quired to produce complete ppn. within a reason- 
*•#.0 time. Both difficulties (for example) pre¬ 


sent themselves in the ease of that reaction, 
BaX + SO.B*- R,X + BaSO., which is so largely 
used for the gravimetric determination of S0 4 
and of Ba. The irregularities referred to 1 oan 
be set right (more or less easily) in the gravi¬ 
metric application of the reaction; to the 
volumotric application they are absolutely fatal. 
The number of ppns., indeed, which afford a 
basis for correct volumetric processes is extremely 
limited. 

Certain classes of double decompositions and 
oxidations, in which reverse reactions arc pre¬ 
vented by tho great inherent stability of one of 
the products, arc admirably adapted to volu¬ 
metric processes. To give examples: 

Any strong acid, XH, when mixed pro¬ 
gressively with a solution of some strong base 
of the type BOH (ex. KHO,NaOH,Ba(OH) 2 ), is 
ultimately converted into normal salt, XU, with 
formation of that highly stable substance water. 
The general reaction is XH + BOH - IiX + HHO, 
and the end-point can in all cases be sharply 
defined by means of a few drops of neutral 
litmus-solution as an indicator. Hence any 
acid (or rather the ‘H’ in any acid) may be 
accurately measured by means of a standard 
solution of, for instance, caustic potash; and 
any of the bodies BOH (or rather their ‘ OH ’) 
by means of a standard solution of (say) hydro¬ 
chloric acid. The latter method applies almost 
directly to the (soluble) carbonates, sulphides, 
cyanides, Ac., of the alkali metals. All the 
carbonates Ac. referred to can be measured 
indirectly by the combined application of the 
two standard solutions: we add first an excess 
of standard acid, and heat to expel the volatile 
acid (C0 2 ,H 2 S, Ac.), then colour with litmus, 
and titrato back with standard alkali, till the 
point of neutrality is exactly reached. By sub¬ 
stituting aurine (in alcoholic solution) for 
litmus, the method becomes available also for 
magnesia (Torno); and by using nitric acid as 
the standard XH, we can determine even oxide 
of silver (Dittmar). 

What wo said of carbonates, Ac., in refer¬ 
ence to the metallic radicles, B, holds for the 
ammonium salts of our acids, XH. To determine, 
for instance, IIC1 or H 2 S0 4 , in the presence of 
ammonia (as the only base), we need only add 
a known excess of standard alkali, expel the 
liberated ammonia by evaporation, then add 
litmus, super-saturate by standard acid, boil off 
the carbonic acid, titrate back with standard 
alkali until the point of neutrality is exactly 
reached, and balance the equivalents of base 
and acid used as reagents, against each other; 
the balance of base-equivalents measures the 
acid given for determination. 

That this method of acidimetry applies also 
to cases \^hcre the baso can be separated out 
by excess of standard alkali, as an acid-free 
pp., is obvious. Oxide of copper (given aa 
CuS0 4 or other cupric salt) fulfils this condi¬ 
tion in the sense at least that the acid ppd. at 
first as part of a basic salt, can be re-extraoted 
by boiling with excess of alkali. 3 

• 

1 And other irregularities such as for instance the varia¬ 
bility of tho ratio of sulphur to oopper in ppd. sulphldo of 
copper. 

* We will avail ourselves of this opportunity tot 
referring U*the process of fractional filtration as useful la 
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To pass to another example. There is a 
teries of redaoing agents r, the solutions of 
whioh, when mixed with a solution of iodine in 
iodide of potassium, are oxidised into products 
»', while the corresponding quantity of free 
iodine passes into iodide. 


For example 

I. S0 2 + H 2 0 +1 2 = 2HI + SO, 
n. 2 S,O s R a +1 2 = 2RI + S 4 0 H R 2 

III As 2 0 3 + 2H,0 + 2i 2 = 4HI + As.,0. 
IV. Sb 2 0 3 f 211,0 + 21, = 4HI + Sb,0 3 
V. SnCl 2 + 2HC1 +1, = 2HI + SnCl 4 J 


in solu¬ 
tion. 


Each of these reactions takes its normal 
oourse only under certain conditions, which, 
however, in cases I. to IV. at least, are easily 
established. All go on readily in tho cold; and 
with all, staroli solution is a safo and delicate 
indicator of excess of free iodine. Hence, to 
determine any of our reducers, it, wo bring it 
into solution in the proper manner, add starch 
solution, and then drop in iodino solution from 
the burette until tho bluo colour of iodide of 
starch, which appears locally from the first, 
becomes permanent on stirring. Supposing t 
c.c. of iodino solution to have been used, and one 
c.c. of it to contain r x 127 mgms. of free iodine, 
tho weight of r is tr (JSO a , S,0 ;i * 1 As.. 0 3 » 
$Sb,0 3 , 2 SnCL), as tho case may be. By theory, 
any one of our reducers might servo as a reagent 
for the measurement of free iodine; in practice 
sulphurous acid and alkaline thiosulphate work 
best. 

According to Bunsen, sulphurous acid acts 
normally on iodine, if it is diffused through at 
least 3,000 times its weight of (air-free) water. 
For the determination of free iodino ho uses an 
aquoous sulphurous acid diluted to the extent 
stated, in combination with a standardised 
solution of iodine. The sulphurous acid is 
measured out by means of a glass-stoppered 
cylinder (or a narrow necked flask with one 
mark on the neck) holding some 100-200 c.c. 
To determine an unknown weight {x mgms.) of 
free iodine given as solution in HI or KI solu¬ 
tion, wo add the least numbor n of measures of 
the sulphurous acid water which sullices to 
decolourise the solution, then starch solution, and 
lastly, from tho burette, standard iodine, until 
the blue colour becomes permanent after addition 
of, let us say, t c.c. On tho other hand, wo 
ascertain the number, t 0 , of c.c.s of standard 
iodine required for 1 measure-full of the sulphur¬ 
ous acid. Obviously, nt 0 r x 127 = x + trx 127 
(mgms. of I,). Whence x = («<„- 1) t x 127. 

So far Bunsen had done no more than trans¬ 
late an old process for determining 80 a into a 
precise method for determining iodiue. His 
great merit was to see that, given a method 
for determining free iodine, we have an indirect 
method for the determination of any o< the large 
number of oxidising agents for which a definite 
proportion of iodino can bo substituted by the 
purely qualitative execution of suitable reactions. 


cases like that referred to. Instead of filtering off tho 
CuO pp., we allow the mixturo to cool, dilate to a known 
volume, vc.c., filter through a dry filter, nml iA-asuro off a 
known aliquot pdtt of the filtrate, v c.c., for the titrat ion. 
If v is sufliciontly large, the volume of tho CuO need not 
be taken into account; supposing for instance v=DUO o.o. 
and the pp. of CuO amounts to 1 gm., the error Introduced 
by negleoting its volume amounts certainly to no more 
than about 0*fi c.c., or Q'GOl of the whole. 


ThiM, for instance, we may determine frc* 
bromine, iodate RIO„ bromate RBrO„ hypo- 
chlorite RCIO, ozone 0„ by letting the respec¬ 
tive substance act on excess of iodide of 
potassium solution, acidifying with hydrochloric 
acid, and then titrating the iodine liberated as 
above explained. 

From tho respective equations, wo see that 
Br 2 , or Cl 2 , or RCiO, or 0 3 , liberates I 2 ; and 
that RI0 3 or RBr0 3 liberates 31,. 

The same principle obviously applies to all 
those peroxides which, when distilled with excess 
of hydrochloric acid, liberate a definito propor- 
I tion of chlorine. As examples: MnO.O* (when 
distilled with HC1) yields x x Cl 2 of free chlorine, 
which when passed into iodide of potassium 
solution liberates x x L of iodine. Hence for every 

one I mgra. obtained, there was A x (MnO.O x ) 
2x 

mgms. of that peroxide of manganese. And 
similarly (to quote another case which is known 
to work) every Cr0 3 mgm. of chromic trioxide, 
liberating 3 x Cl, ultimately yields 3x1 mgms. of 
iodino ; or, in this case, every 1 x I mgms. cor¬ 
responds to ^CrO ; „ or to | x K. 2 Cr 2 0 7 if the CrO, 
was present in this form. It is as well to men¬ 
tion that what the method in any case really 
determines is, not the respective species, bu, the 
I,-yielding radicle; tho active oxygen in the 
MnO.O x , or the Cr.O 3 .O 3 , or RCIO; the 0 3 in tho 
KIOj,; the one O in 0 3 , Ac. 

The applicability of the general method, 
however, goes further. As ferrous chloride is 
readily converted into ferric salt by free chlorine, 
wo can determine an unknown weight of ferrosum 
(ferrous iron) (given as FeCL, FeO, FeS0 4 , &e.) 
by distilling the respective substance with a 
weighed excess of potassium dichromate and 
hydrochloric acid, and collecting the chlorine in 
iodide of potassium, Ac. {Supposing we used 
Jc x K.Cr.O, mgms. of this salt, tho chlorine 
furnished by it is 6 x k x Cl mgms., and, if the 
iodine obtained at the end was (nt 0 — f) x r x I 
mgms., then GA; x Cl - (n / 0 —f)rCl must have 
been used by the FeCL, and consequently, 
)G/c— (nt 0 -t)r} x (Fe = 5G mgms.) of ferrosum 
must have been present iu the substance 
analysed. 1 

Strictly speaking, all volumetric methods are 
empirical methods, in this sense, that the^^nda' 
mental chemical equation is only an approximate 
theory of the process. Hence, unless we arc 
sure that the error in the equation, considered as 
a theory of titration, is less than the unavoid¬ 
able error involved iu the operations, to attain 
tho highest possible degree of precision we 
must staiidardii... our measuring reagent (if • 
possible) by means of a known weight of the 
very thing (or radicle) to be determined, and 
both in the standardisation and tho analyses wc 
must maintain as nearly as possible the same 
conditions. To illustrate this, let us assume w 6 
had to analyse a series of alkaline carbonates by 
means of a standard hydrochloric acid. Ppn. of 
a known volume of the reagent by nitrate of 
silver, and weighing the pp. of AgCl (or the 
corresponding process of titration) would no 
doubt give the most exact result for tho number 
of mgms. of HC1 contained in 1 c.c. of the reagent. 
Yet it is better in our case to standardise thf 
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add bj means of a known weight of pare 
carbonate of soda, although this method, as one 
for the determination of HOI, could not for a 
moment be compared with either silver process 
in point of inherent precision. 

In now passing from generalities to tho con¬ 
sideration of individual methods, we shall 
confine oursolves in the main to those methods 
which are applicable to whole classes of bodies. 
Under the head of each wo shall briefly state 
what applies to it as a general method, For 
special applications of these methods, as for 
special methods generally, also in regard to 
technicalities, we must refer to the special hand¬ 
books. 1 

I. Methods based on double decom¬ 
positions. 

Theoretically these processes are founded on 
equations of the form 

ax + by = ab + xy 

A, b, o, D, 

where a and b are the constant radicles charac¬ 
teristic of tho process. Here we have to dis¬ 
tinguish between two cases:—I. c and n remain 
dissolved. Only a very few processes fall into 
this group. As an example, we may quote 
Liebig’s process for the titration of NCH by 
neutral nitrate of silver. Large excess of potash 
is added, the liquid is diluted largely, and, after 
addition of a little NaCl as indicator, stan¬ 
dard AgNO s (neutral) is dropped in until the 
cloud of AgCl becomes permanent, showing that 
tho reaction 2KNC + AgNO g - KAg(NC) 2 + KNO,, 
has been just completed. II. The characteristic 
•product o = ab comes down as a pp. Of these 
numerous processes, only those need now bo 
noticed in which, on account of the absence of 
an end-reaction , and of a suitable indicator, the 
end-point cannot be recognised otherwise than 
by proving quite directly that the ppn. has just 
reached its end. If the pp. settles readily, this 
can be done with comparative ease—in an 
obvious manner; but easily settling pps. are 
exceptional. It is more generally practicable to 
get the pp. to settle so far that it is possible to 
draw off a few drops of tho clear top-stratum, 
and to examine them on a watch-glass by addi¬ 
tion of a drop of b, or of a solution of a, or of 
any delicate reagent for a or b. If this method 
does not work, the only course left is, from time 
to time, to take out a little of the mixture, filter 
it *^tcugh paper, and examine the filtrate. 
One way of doing this is to put a drop of the 
fluid on a small double filter-paper, and to ex¬ 
amine the lower filter by means of some reagent 
which strikes an intense colour with a or b as the 
case maybe. But such colour-tasts are not always 
available, so that ordinary filtration must gene¬ 
rally be resorted to. Each such filtration of courso 
means a loss of a, and consequently ought to be 
done with a measured aliquot part of the whole, 
to enable one to allow for the loss by calculation. 
This, however, is apt to lead to errors ; in prac¬ 
tice it is better in the first trial to neglect the 
error, and in a second and third practically 

1 Mohr’n Lhvbuch der ehemische-amlytucJten Tilrirme- 
thode; 2, Fleischer, Die Titrirmethade; 3, Fleischer, Die 
TUrirmetftode, Kuglish edition Volumetric Analysis, trans¬ 
lated by M. M. Pattlson Muir; 4, Sutton, Volumetric 
Analysis; *, Fruienius, ywintUativc Analysis. 


| to avoid it by a raw tunes near the 

end of the process, when the amount of on- 
ppd. a has become very small. In any ease it i* 
convenient to have a standard solution of some 
reagent, ax', by means of whioh to retrace one's 
steps if an excess of pptnt. has been added. Thia 
auxiliary solution is best adjusted so that it pps. 
exactly its own volume of d. The method of 
procedure then assumes this form:—We add B, 
finally in small instalments of, say, 4 c.c. each, 
until by the last instalment tho end-point has 
been over-stepped; we then go back with a-soIu- 
tion, adding it in instalments of 2 c.c., until 
this reagent is in excess; we then again apply B 
in portions of 1 c.c., Ac., until wo come to know 
that, say, v o.o. of b is too little, while v + 02 e.a. 
is an excess; or that (v + 0‘1 o.o.) ±0-1 o.o. may 
be adopted as the final result. 

Of the vast number of precipitation-analyses 
which have been invented, only those founded 
upon mutual decomposition of solutions of 
Silver salts and haloids occupy the rank 
of precise methods. If (dissolved) chloride and 
(dissolved) silver-salt meet in a neutral or acid 
solution the whole of the potential chloride of 
silver is formed, and comes down aa a pp. as 
demanded by the equation, 

KC1 + AgNO s =AgCl + EKO,. 

Upon this, and the fact that the AgCl (if Buffi- 
eiently abundant) readily unites on shaking into 
a quickly settling pp., Gay-Lussao long ago 
founded his famous process for the determina¬ 
tion of silver by standard NaCl solution, whioh 
process is directly translatable into an equally 
exact process for tho determination of chloride by 
standard silver. The equation, however, is not 
an absolutely correct theory of either process. 
Gay-Lussac observed that if {he silver nitrate and 
the sodium chloride are exactly balanced against 
each other, the clarified mixture gives a distinct 
cloud with either reagent. Hence to exactly 
complete tho ppn. of (say) AgNO, mgms. by salt, 
we must add, not NaCl, but a trifle more, call it 
(1 + a)NaCl mgms. And similarly, the complete 
ppn. of NaCl mgms. demands (l + 0)AgNO, 
mgms. The oxaot values of a and $ vary with 
tho experimental conditions, and are not sus¬ 
ceptible of separate determination. Hence to 
determine an unknown weight, x x Ag mgms. of 
silver (if we do not caro to neglect the correcting 
factors), all we can do is: (1) to add standard 
chloride solution—at last in very small instal¬ 
ments, corresponding to say 0-02 mgms. of silver 
each—until tho ppn. is exactly completed by, 
say, n x BC1 mgms. as calculated from the 
strength of the solution, and the quantity used. 
Wo then (2) titrate back with (very dilute) stan¬ 
dard silver until the last drop no longer gives 
a cloud of AgCl, which will take, say, t x Ag 
mgms. The mixture now is (practically) in the 
same condition as if no silver had been added 
but tho chloride diminished by e x EC1 mgms. 

Obviously the truth lies between x-n and 

x-n-t, and we may say x-(n — i) ±-L. 

i A 

Or, to> put it somewhat differently; we have 
2z = 2m + (0-a)»—* . . , .1. 

and 0=»{8 + «)-« . . . . . .II, 

If wo knew that a ™ft, we should have x-n- i. 
exactly. * 
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According to Mulder, il the silver, calculated 
u metal, amounts to about 1 gram, and is 
diffused throughout some 120 to 150 o.o. of 
mixture (« + 0) = O'OOl, about. 1 The explanation 
given in regard to chlorides holds substantially 
for bromides, iodides, cyanides (NCR); sulpho- 
cyanides (perhaps also for cobaltooyanides, and 
some other metallo-cyanides); in the case of 
bromides, however, the numbers a and /3 aro 
practically equal to nil (Stas), AgBr being even 
more insoluble in HNO a and KN0 3 Ac. solu¬ 
tions than AgOl is; lienee we may surmise that 
the (o + j8) for iodide is still nearer to nothing. 
The cases of NC.li and NCS.R have not been 
investigated in this sense. Presumably tho , 
{a + (3) for cyanido is greater than, and that for 
(NCS)R is about equal to, tho value for chlo¬ 
rides. 

Given (let us say) an alloy for which tho 
percentage of silver is approximately known (say 
to ± 0’5 p.c.); the exact determination of the 
noble metal by titration with standard chloride 
{c.g. NaCl) solution offers no difficulty; but with 
an alloy Ac. of utterly unknown composition 
the process even in practised hands is apt to be 
tedious. Practical assayers, indeed, never apply 
Gay-Lussac’s method without having first made 
a preliminary assay by the old method ofcupel- 
lation. Volhard, some years ago, invented a 
modification of Gay-Lussao’s method, which, 
with a small number of samples at least, is 
quicker even than cupcllation, and, in all cases, 
is more accurate. He dissolves a known weight 
(equal to presumably 0'5 grm. of silver) in nitric 
acid, dilutes moderately, boils off all the N./) 3 , 
adds 5 c.c. of saturated iron-alum solution, and 
then drops in standard sulphocyanide of potas¬ 
sium (or ammonium) until the red colour of 
Fe(NCS) a becomes permanent. (The largo quan¬ 
tity of indicator prescribed is necessary, or elso 
the end-reaction lacks delicacy.) For the deter¬ 
mination of chlorine (given as RCl), Volhard 
pps. the chlorine first by an excess of standard 
silver, he then adds iron-alum, and (without re¬ 
moving the AgCP) titrates back with KNCSAq 
until the end-point is reached. 

A very handy (but less exact and less widely 
applicable) method, introduced by Mohr, may 
here be referred to. He brings the chloride into 
neutral or very feebly alkaline solution, and, after , 
adding a few drops of yellow chromate of potas¬ 
sium, titrates with neutral silver nitrato until 
the red colour of tho Ag.Cr0 4 becomes perma¬ 
nent. The method, if used as an empirical one, 
gives very good results. 

Standard Substances and Solutions. 

1. Standard silver.— Best prepared by Stas’s* 
process (precipitation of a cupriferous ara- 
rr.oniacal solution of nitrate by added alkaline 
ammonium sulphite). Tho ppd. metal, after 
having been washed, first with ammonia in the 

1 Our impression i3 that Mulder orer-cstitmitcd the 
Value. 

1 The writer finds that high precision can bo reached 
only by removing the AgOl pp. before titrating back with 
KN'CS. (See Dittraar's Report on the Composition of Ocean 
Water, p. 4. [‘CJpillenger ’ Memoirs.] Also his Exerciset 
in Quantitative Analysis, section on Sea-water.) 

* R-cherches sur lea rapports rt.cipro'jues des poids ato- 
mlquet (Bruxelles, I860); and Nourcllea Recherchrs, «fco, 
(Bruxelles, 1865), or German translation of both works 
Arouateiu (Leipeig, 1667). 


prewnoa of air, then with water, is heated to red. 
ness, when it becomes semi-oompact. It is then 
broken up in a mortar into granules, again 
heated, and preserved in this form. There is no 
need of going to the trouble of fusing the metal, 
provided it is proved to bo free from every trace 
of chloride. 

2. Standard chloride. — Pure chloride of 
sodium is universally recommended. The 
writer prefers pure KOI prepared by strongly 
heating re-crystallised perchlorate. The per¬ 
chlorate is deoxygenated a3 far as convenient in 
a platinum basin, and then fully by fusion in 
a platinum cruoible. The fusod salt is quite 
neutral; yet for very precise work it is perhaps 
better to dissolvo the fused salt in water, add 
hydrochloric acid, evaporate to dryness (in pla¬ 
tinum), and keep the residue at a tornporature 
just short of the fusing point until the weight is 
constant. 

3. Standard solutions of 1 and 2.—Both can 
be standardised synthetically, on tho basis of 
Stas’ atomic weights; for general purposes 

and grms. per litre are convenient 

strengths. For exact work tho solutions are 
combined with centinormai solutions, containing 

Wo an<1 iod grms ' per litre ' 

4. Pure bromide of potassium , and standard 

KBr 

solution (-^j-grms. per litre) of the same for 


very precise determinations of silver. Regarding 
the preparation of the pure salt, soe Stas’s 
Memoir. 

5. Standard sulphocyanide. — About ^ 
NCS.NH 4 grms. of the pure (chlorine-free) 
ammonium salt is dissolved to 1 litre, and the 
exact strength is determined empirically by 
means of a known weight of silver dissolved as 
nitrate. 


II. Methods based on saturation «, 
that is, reactions of the type 

XH + ROH = HOn + XR; 
regarding these, wo have little to add to what 
was given under Theory of Titration (q. v.). For 
XH = NO s H, £S0 4 H„ C1H,HC10„ and other strong 
acids (including oxalic and formic) on tho one 
hand, and R = K,Na, generally, and for 
R=* 4 (Ba, Sr, Oa) as long as no insoluble salt is 
produced, on the other, the equation is a strictly 
correct theory of tho process. For phosphoric 
acid, HX must be taken as repiSJjfcfing 
4H.,(HrOJ, RHO being an alkali, but even 
then the results arc not very constant. For 
weaker acids, such as acetio, butyric, Ac., the 
method is purely .empirical. An approximation 
to a standard acetic acid is obtained by measuring 
off a known volume of standard sulphurio acid, 
and adding say two equivalents of perfectly 
neutral acetate of soda. In determinations of 
ammonia it is as well not to assume that NH 4 OH 
is an absolutely exact equivalent for KOH or 
NaOH. 


Standard Substances and Solutions. 

1. Pure carbonate of sodium , as a general 
standard alkali. Preparod from pure bicarbonate 
(recrystallised as such) by strongly heating in 

platinum. The salt must not be fused for de< 



hjrdrbwvu, w* mw n loses camiUo utiA: To 
obtain a really pure, and especially a potash- 
free, salt, the best method is to add pure oxalic 
acid to a decided excess of solution of the purest 
obtainable carbonate of soda, to collect the pp. 
of C 2 0 4 Na 2 formed, to wash it by displacement 
and to reduce it to NanC0 3 by heating strongly 
(W. D.). 

2. Oxalic acid , CJELO^ + 211*0, recom¬ 
mended by Mohr as a general standard acid. 
See that the preparation is free from fixed matter 
(i e.g. potassium salts). If not, recrystallise it 
from hot 10 p.c. HC1, repeatedly, and lastly from 
water (Stolba). The carefully air-dried crystals 
have the correct composition. We prefer a hydro- | 
chloric acid, standardised by silver, for general 
purposes. 

3. Solution of stamlard acid.— Sulphuric 
works best for alkalis; hydrocliloric is prefer¬ 
able for general purposes. The latter may be 
standardised by means of silver; either acid 
by means of a known weight of carbonate of 
soda, 1 with standard alkali as an auxiliary re¬ 
agent. Thorpe recommends for the standardisa¬ 
tion of S0 4 II 2 , to add a known (excessive) weight 
of Na 2 C0 3 , to evaporate to dryness, heat, and 
weigh the residue. As every NaXO, grms. in 
passinginto Na 2 S0 4 , gains (S0 4 - C0 3 )grms., every 

1 grm. of gain of weight corresponds to — 


SO,-CO, 

grms. of sulphuric anhydride. (I have tested 
this method, and found it to give very good re¬ 
sults.—W. D.) 

4. Solution of Stamford alkali. — Caustic 
potash or caustic soda for general purposes. 
The reagent must be as free as possible from 
carbonate. The preparation known as potash 
purified by alcohol almost fulfils this condition. 
The best method is to causticise an almost 
carbonic acid free (dilute) ley with a slight 
excess of baryta in a nickel vessel; allow to 
settle, and preserve in a bottle provided with a 
protection-tube filled with granulated soda-lime, 
or baryta, Ba(OIl) 2 . The trace of dissolved 
BaO disposes of traces of C0 2 that find their 
way into the reagent while being preserved. 
AROH grms. per litre is a convenient strength. 
It is standardised empirically against measured 
standard acid. 

5. Standard baryta water containing about 
*Ba(0H) 2 grms. per litre is used for special pur¬ 
poses, e.g. determination of free or liberated 

stronger reagent is apt to deposit crys¬ 
tals in cold weather. It is standardised em¬ 
pirically against standard hydrochloric acid. In 
the absence of sulphates, baryta water is the 
beBt standard alkali for all purposes. 

III. Methods based upon processes of 
oxidation and reduction. 

(As illustrated in Theory of Titration , by 
reforence to Bunsen’s methods.) 

I. Iodine (solution of I in KI) as oxidant 
ib available for the measurement of the follow¬ 
ing reducers 

1. Dissolved sulphurous acid acts normally 
under the conditions stated under Theory of 
Titration. 

* Ppn. with Bad, and weighing the UaS0 4 is not a 
VW£ exact method tor the standardisation of a mlphuric 


2. Dissolved alkali thiosulphate (la the 
absence of exoess of alkali ; even carbonate is 
not permissible) acts normally at any state of 
concentration whioh one could reasonably 
employ. In the presence of acid the reaction 
takes its normal course only if the solution is 
sufficiently diluted, and the H 2 S 2 0 3 has no time 
to decompose spontaneously. In practice, how¬ 
ever, this spontaneous decomposition is out of 
court, because, in all cases in which free acid is 
present, it forms part of the iodine solution, and 
the thiosulphate plays the part of reagent, so 
that the S 2 0 3 H 2 liberated passes at once into 
S 4 O s H 2 , which is sufficiently stable. Froe sul¬ 
phuric acid in any quantity must be avoided 

(v. supra ); freo hydrocliloric acid in moderate 
quantity does no harm, if the given iodino solu¬ 
tion is diluted to about of the strength of 
the customary standard solution. 

3. Alkaline arsenite. The reaction proceeds 
(not as promptly as those of 1 and 2, but) in a 
fair degree normally, provided there is enough of 
pure carbonate or bicarbonate of alkali to keep 
up an alkaline reaction to the end (Mohr). The 
best auxiliary alkali to add is sesqui-carbonate of 
ammonia; it docs not decolourise iodide of starch, 
to anything like the (slight) extent to which 
Na 2 C0 3 does (Mohr; later communication). 

4. Alkaline antimonitc, or rather Sb 2 0, 
given as tartar emetic or in similar forms, is 
oxidised by iodine just as As 2 0 3 is (Mohr). 
Results fair. 

5. Stannous chloride. The execution of the 
process (SnCl 2 + 2IICI +1, - 2III i SnCl 4 ) offers 
no difficulty, and added starch solution define? 
the end-point sharply; but the results are very 
variable and inexact. 

0. Sulphuretted hydrogen II,S (in much air- 
freo water) with iodine leads substantially 
thus:—1 2 + H 2 S = 2HI + S. Results are only 
approximate, yet the method is of some value 
for determining small quantities of ELS in much 
water. 

II. Iodine in combination with reducers 

for general purposes. 

Only the combinations I 2 and II 2 S0 3 , and I, 
and Na 2 S 2 0 3 arc used now-a-days. Discussion 
anticipated in section on Theory of Titration. 

III. Permanganate of potassium, as an 

, oxidant, 

measures the following reducers directly, and in 
all cases the intense colour of the reagent mark? 
the end-point with great sharpness. 

1. Ferrosum. A dilute, strongly acid, solution 
of ferrous sulphate, when titrated with solution 
of permanganate, is promptly oxidised into 
ferric salt with formation of MnO-salt from the 
reagent (Marguerite). 

Conditions of success:—a, large dilution; 1 
litre of solution should contain at most 1 gram 
of metallic iron; b, a sufficiency of free sulphuric 
acid, more than the equation demands, or else 
Mn0 2 may separate out as a pp.; c t absence of 
hydrochloric acid (and chlorides generally), or 
else part of the reagent is reduced by it with 
formation of Cl r According to Zimmerman, 
however, this by-reaction can be prevented by 
addition of manganous sulphate to the ferrosum 
solution. 4 grams of the salt MnS0 4 + 4H a 0, 
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suffice per 60 o.o. of 20 p.o. HCI used for dis¬ 
solving the respective iron compound. 

Iron given as ferric salt may be reduced to 
ferrous salt, by (1) treatment with H.S; (2) pro¬ 
longed treatment in a warm solution with Na 2 S0 3 
and HCI (works better with chloride than with 
sulphate solution)—in either caso the excess of 
reducer must of course bo expelled by ebullition 
—(3) zinc and acid; handy, but not so trust¬ 
worthy as (1) or (2). 

2. Oxalic acid. A strongly sulphuric solu¬ 
tion of this acid is oxidised by the reagent into 
carbon dioxide and water (Hempcl). The re¬ 
action at first proceeds very sluggishly, but 
then more and more promptly, as the quantity 
of MnS0 4 produced increases. Hence the ex¬ 
pediency of adding MnS0 4 from the first (Do 
Koninck). Whether hydrochloric acid interferes 
with this reaction as with the preceding one 
(whether, for instance, it is permissible to dis¬ 
solve oxalate of lime given for the determina¬ 
tion of its oxalic acid in hydrochloric acid before 
titrating) has not yet been determined. 

3. Arscnious acid. Arsenious acid in strongly 
hydrochloric solutions is oxidised by permanga¬ 
nate into arsenic acid, but part of the manganese 
separates out as Mn0 2 (Kessler). 

4. Antimonious acid as SbCl 3 , in a solution 
which contains not less than 1-2 volumes of 
hydrochloric acid for 5 of water, is readily and 
completely oxidised into Sb 2 O v The reaction is 
available quantitatively. [(3) and (4), Kessler, 
J. 1803. 083)]. 

5. Sulphurous acid is readily oxidised into 
sulphuric; not investigated quantitatively, as far 
as we know. 

0. Peroxide of hydrogen. In the presence 
of water and dilute sulphurio acid, the mutual 
reduction • 

51L0.0 f Mn.,0 7 = 5H..0 h 2MnO + 50 a 
proceeds normally and promptly. 

7. Nitrous acid (liberated from nitrite by 
H 2 S0 4 in very dilute solutions) is oxidised by 
permanganate to nitric acid. Kesult.s, under 
certain conditions, fair. 

8. Cn.,0 (ppd.) dissolved in acid iron alum, 
is oxidised readily, and fairly normally, to 2CuO. 

IV. Combinod application of permanga¬ 
nate and reducing agents. 

A. Ferro slim as reducer. 

The higher oxides of manganese, wl\,en 
digested with IIC1 or diluto H 2 S0 4 and excess of 
ferrous salt, are readily dissolved as MnO-salt, 
with formation of a quantity of ferricum pro¬ 
portional to the loosely held oxygon in the per¬ 
oxide. In the absenco of atmospheric oxygen, 
i.e. in an atmosphere of C0 2 , the reaction takes 
its normal course, and becomes available for an 
obvious remainder-method for the determination 
of such oxygen. No doubt available for other 
peroxides. 

Upon the ready action of alkaline permanga¬ 
nate on the sulphides, sulphites, thiosulphates, 
iodides, arsenites, formates, of K or Na, with 
formation of sulphate, iodate, arsenate, carbonate, 
respectively (and hydrated binoxide of manga¬ 
nese), P6an ae*St. Gilles [A. Ch. [3] 65, 874), 
has founded a general method for the determina¬ 
tion of the respective acids by meanB of a 
standard solution of permanganate, and an 
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auxiliary solution of ferrous sulphate. After 
having carried out the required oxidation by 
means of exoesB of permanganate and a suffici¬ 
ency of caustic potash, the mixture is acidified, 
the Mn0 2 and surplus Mn 2 0 7 reduced by addition 
of, first, acid, and then excess of ferrous solution, 
and finally the surplus ferrosum is titrated by 
addition of more of the permanganate solution. 

B. Oxalic Acid as reducer. 

Any higher oxide of manganese, MnO.O x> 
when digested with oxcess of oxalic acid and 
sulphuric acid, is dissolved as MnSO„ with 
formation of C0 2 from the reagent. The oxalio 
acid is used as a standard solution, and what 
remains over after the oxidation is determined 
voluraetrically by permanganate. (Calcium oxa¬ 
late may separate out as a pp.) 

V. Chromic acid (in practice a solution 

of K 2 Cr 2 0 7 ) as oxidant 
is available for the direct titration of the follow¬ 
ing reducers: 

1. Ferrosum. Ferrous sulphate or chloride, 
in the presence of free acid, is readily and com¬ 
pletely oxidised by added bichromate solution. 
The latter may be standardised synthetically (or 
analytically by means of a known weight of dis¬ 
solved ferrosum). The end point is recognised 
by means of ferricyanide as a drop-test. The 
results aro in exact accordance with the chemi¬ 
cal equation, even in the caso of hydrochloric 
solutions (Penny; Schabus). An unknown 
weight of CrO a can be determined with equal 
exactitude by adding a known excessive weight 
of ferrosum (as sulphate) to the previously 
acidified solution, and titrating back with bi¬ 
chromate solution. 

The combination K.fir./)^ and ferrous salt 
is equivalent to that of Mn.0 7 K.,0 and the same 
reducer. It is available likewiso for the deter¬ 
mination of As.,0. 4 and Sb 2 0 3 in strongly hydro¬ 
chloric solutions. Tho solution is mixed with 
a (measured) excess of bichromate solution, and< 
the mixture allowed to staud to give the oxi¬ 
dation time for completion; a known excessive 
quantity of ferrosum is then added, and its ex¬ 
cess is titrated by means of bichromate (Kessler). 

2. Sulphurous acid, Sulphuretted hydrogen , 
Stanno7<s chloride , in mineral acid solutions, 
aro readily oxidised by CrO a into S0 3 , S h H 2 0, 
SnCl 4 , respectively, and in all cases iodido of 
potassium and starch afford a sensitive indi¬ 
cator of excess of oxidant, which sharply defines 
tho apparent end-point of the process. Hut, 
unfortunately, the corresponding ratio of the re¬ 
agents in no case coincides with that demanded 
by tho respective equations, nor is it even con¬ 
stant in itself. I* . arios according to the degree 
of dilution, tho proportion of free acid, the 
quantity of absorbed air in the reagents, &o., in 
a manner which defies all calculation (Kessler. 
Mohr, Casselman). 

VI. Ferrio ohloride, in combination 

with Stannous chloride. 

The oxidation of an acid solution of SnCI 2 by 
added ferric chloride proceeds very readily whon 
the liquid is hot, and in fair accordance with 
the equation: 

SnCl 2 + Fe 3 Cl g =SnCl 4 + 2FeCl a ; 
but the dissolved air of the reagents is drawn 

a 




into tue oxidation, and the results are conse¬ 
quently irregular. If however (according to Fre- 
BeniuB) we start with a hot, strongly acid, solution 
of ferric chloride, and at a nearly boiling tem¬ 
perature drop in stannous chloride, the process 
proceeds exactly as described by the equation, 
and the disappearance of the last trace of the 
yellow colour of the ferric salt defines the end¬ 
point very sharply. In case of doubt, add a 
slight excess of SnCL 2 , allow to cool , add starch, 
and titrate with iodine solution to determine 
the excess of SnCl 2 , and allow for it. According 
to the writer’s experience the whole of these 
operations must be done in an atmosphere of 
C 0 2 , else the results are not exact. Fresenius 
utilises the process for the determination of 
nitric acid. The nitrate to bo analysed is 
allowed to react with an excess of ferrous sul¬ 
phate, strongly acidified by IlCl, in an atmo¬ 
sphere of II or CO., first cold, then hot; the NO 
is boiled oil, and tho fcrricum produced is de¬ 
termined by means of standard SnCl 2 . The 
ferricum present as an impurity in the ferrous 
salt is determined by a blank experiment, and 
is allowed for: GxFe of ferricum produced, 
indicate 1 x N.,0 5 of nitric anhydride. 

Standard Substances and Solutions, for the 
Processes of Oxidation referred to. 

1. Pure iodine is best made by Stas’s 
method. Ordinary iodine is dissolved in the 
minimum of a highly concentrated solution of 
iodide of potassium, and re-ppd. as far as pos¬ 
sible by dilution with water. Tho pp. is 
washed, dried first on a porous tile, then over 
CaN.,O ti . The dry product is distilled (or the 
small quantify needed for an experiment 
sublimed extempore between watch-glasses), the 
first instalments of vapour being rejected on 
account of possible contamination with water. 
From such iodine 

2. A standard iodine solution might easily 
be made by exact synthesis. But it is more eco¬ 
nomical and less troublesome to prepare this 
solution by approximate synthesis from ordi¬ 
nary good iodine (5 grams of I 2 dissolved in 
10 grams of IK and 10-20 c.c. of water in a 
mortar, and diluted to 1 litre, gives a solution 
of convenient strength); and to determine the 
exact strength by comparison with a known 
weight of puro iodine, by means of a thiosul¬ 
phate solution of arbitrary strength. Supposing 
p mgms. of pure iodino weighed directly, and 
^dissolved in IK solution, require t 0 c.c. of thio¬ 
sulphate for their decolourisation, while n c.c. 
of the iodine-solution require t c.c.; then 1 c.c. 
of thiosulphate is equivalent on the one hand to 

I!, mgms. of iodine, and on tty-other to - c.c. of 
to t 

iodine-solution. Hence 1 c.o. of tho latter 

contains —£L_'j x I( -127) mgms. of pure 
\t 0 n x 127/ 

iodine. 

3. Thiosulphate solution. — Made by dis¬ 
solving 10 grniB. of tho pure salt, Na 2 S 2 0 s .5H 2 0, 
in water, to 1 litre. It decolourises about its 
own volume of the above iodine-solution. The 
strength is determined empirically by means of 
the latter. 

4. Arsenious acid. —Pure As 2 0, is to be had 
in commerce; but tho best qualities even are 


IiaMs to w contaminated witR Sb.0,. 
powder is not hygrosoopio. 

S. Arsmite solution. —i'95 grms, - -!a?J 
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powdered As 2 0 3 along with 11 grms. of p 
Na 2 CO s ( = 30 grms. of crystals, Na 2 CO, + 10H, 
are dissolved in a slanting litre flask in wat 
over a water-bath; after cooling, the liquid 
diluted to 1 litre. 1 o.o. = 01 x ‘I,’ ‘Cl,’ d 
mgms. [This solution, as a reagent, may ser 
for the direct titration of dissolved hyp 
chlorite — 2BC10 + As 2 0 s = 2KC1 + As 2 0 4 . T1 
end-point is recognised by means of iodide 
potassium and starch paper; a drop of tl 
mixture when placed on the paper produces 
blue stain only as Jong as the BCIO is in exces 
(P 6 not)]. 

0. Standard fierrosum. —Fine pianoforte wii 
is sure not to contain more than 0-4 p.o. c 
impurities, and consequently may be asBumei 
to represent 0*998 ± 0-002 times its weight o 
real iron. A known weight is dissolved in HC 
or dilute II 2 S0 4 , in the absence of air, &c. Mor< 
convenient is 

Fcrroxis sulphate.— FeS0 4 .7H 2 0, ppd. from 
a pure, hot, concentrated, acid solution, by 
alcohol. The ppd. salt is washed with alcohol, 
dried on bibulous paper, and finally by exposure 
to the ‘dry* air of a room. The dried salt is 
sifted to remove lumps, again exposed to the 
air for a while, and bottled up for use. The 
exact percentage of iron is determined by 
strongly heating a known weight in a platinum 
crucible -at the end in tho prosenco of air— 
until the weight is constant, and weighing the 
Fe 2 0 3 . This old preparation of Otto, accord¬ 
ing to the writer’s experience, lias a higher 
degree of stability in air than Mohr’s salt 
(Fe (N H.,) 2 S 2 0„.GHo0) . 

7. Standard oxalic acid.—The crystallised, 
normal, ammonium salt is tho best standard 
oxalate for processes in which it serves as a 
reducing agent. If air-dry, it has exactly the 
composition G,0 4 (NH 4 ) 2 + H 2 0 = 142. 

8 . Standard permanganate of potassium .— 
An almost pure salt is to be had in commerce. 
Yet it is not puro enough to serve as a standard 
substance in itself. A convenient solution is 
obtained by dissolving a little more than 3*16 
grms. ( = G , G grra 3 . of ferrosum) in water, in a 
mortar, and diluting to 1 litre. The solution is 
standardised by means of a known weight of 
ferrosum or oxalate of ammonium, according to 
the object which it is meant to serve. 

9. Bichromate of potassium.—Kfir.fi 7 . The 
pure salt is not difficult to obtain; but it is not 
easy to prove that it contains exactly 2CrO a for 
1K 2 0. Besides, the uncertainty of the atomic 
weight of chromium is a difficulty. To prepare 
the salt for use, it is powdered and dehydrated 
by keeping it near its fusing-point for a time 
in a platinum basin. It is then fused at 
the lowest temperature, and allowed to solidify, 
when it breaks up spontaneously into small 
granular fragments, and thus assumes a con¬ 
venient form for weighing. 

10. Standard solution of bichromate ofpotas• 

slum.— A convenient concentration is 

60 

4 92 gras, per litre. It may be standardiied 





synthetically; but for the reasons stated It la 
oil the whole preferable to standardise the 
eolation analytically by means of a known 
weight of dissolved ferrosum. 

11. Stcuidard ferric chloride. — Pare ferric 
oxide is prepared by strongly heating ferrous 
oxalate. It is dissolved, by prolonged digestion, 
in fuming HC1, and the solution is diluted to 

the right volume. A=8 grms. per litre is a 

convenient strength. 

12. Stannous chloride (for No. 11). Pure 

granulated tin (approximately weighed) is 
boiled with pure 1101 until a sufficiency of the 
metal is dissolved. The residual metal is 
■weighed, to ascertain how much has passed 
into solution. For every 3 grms. of dissolved tin, 
the solution is diluted —with air-freewater -to 1 
litre. The solution decolorises about l its volume 
of the iron solution, which latter serves for its 
standardisation. This solution is so prone to 
oxidise in the air that it must be rcstandard- 
ised expressly for each analysis. W. 1). 

ANALYSIS, ORGANIC. Ultimate organic 
analysis is the determination of the elements 
present in an organic substance. Proximate 
organic analysis is the determination of the 
compounds present in a mixture, or of the 
radicles present in a compound. 

Ultimate Analysis. 

Qualitative. 

Carbon. If a substance blackens when it 
is heated either alone or with sulphuric acid it 
probably contains carbon, in which case the 
black residue may be burnt away by heating to 
redness in air. A. substance that does not 
blacken may nevertheless contain carbon. A 
more general method of detecting carbon is 
first to warm the substance gently with diluto 
sulphuric acid, in order to expel CO* that may 
be present as carbonate, and then to add several 
volumes of strong H 2 S0 4 and some K.Cr 2 0 7 ; 
when the mixture is heated any organic sub¬ 
stance will be oxidised, and tho escaping C0 2 
will give a pp. with lime-water. 

Hydrogen. The substance is mixed in a 
tube with dry CuO or PbCrO< and heated to 
redness; water comes off and condenses in a 
cold tube. Very small quantities of water mpy 
be detected by passing the gases through a glass, 
tube lined with P 2 O fl , which will deliquesce. In 
theso experiments carbon may be detected by 
passing the escaping gases into lime-water. 

Nitrogen. The substance is heated with 
soda-lime and the nitrogen may then bo given 
off as NH S and detected by its smell, action on 
red litmus, or fumes with HC1. The soda-lime 
must be strongly heated beforo use, until it no 
longer gives off NH 3 . This test will not succeed 
with compounds rich in oxygen. A more deli¬ 
cate test consists in heating the substanco with 
potassium in a test-tube drawn out to a point. 
After deflagration, tho mass is dissolved in water 
and examined for cyanide (Lassaigne, if 48,367). 
This test is noP applicable to diazo-compounds 
(Graebe, B. 17,1178). 

Chlorine. Tho chlorine is eliminated in 
the form of a chloride, the presence of which iB 
detected byAgNO,. The conversion intochloride 
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oan be effected: (a) by boiling with faming 
HNO,; in the case of volatile substances, the 
operation must be performed in a scaled tube: 
(5) by boiling with alcoholic potash : (c) by mix¬ 
ing with quicklime and heating to redness : (d) 
by heating with n 2 S0 4 and MilO r 

Bromine and iodine may be detected by 
the same methods. 

Halogens may also be detected by fixing a 
lump of CuO to a platinum wire, dipping it into 
the substance, and heating first in the inner and 
then in tho outer part of a Bunsen flame : a green 
colour indicates halogens (Beilstein, B. 5, 620). 

Sulphur is detected by strongly heating 
tho substance with a mixture of sodic carbonate 
and sodic nitrate, or sodic carbonate and potassio 
chlorate; and testing tho product for sulphate. 
Or the substance may be fused with sodium 
free from sulphur in a test-tube, and the pro¬ 
duct examined for sulphide (Schonn, Fr . 8, 52, 
30!)). Some compounds, such as albumen, give 
a black pp. of PbS when boiled with a solution 
of PbO in NaOHAq. Boiling IIgC« 2 or ammo- 
niacr.1 AgNO s often give a black pp. of metallio 
sulphide. 

Phosphorus may be detected by fusing 
! with Na 2 COj mixed with NaNO ;J , and examining 
the product for phosphate. Or tho carbonised 
substance may be heated with magnesium pow¬ 
der ; the product, containing magnesium phos¬ 
phide, is luminous in tho dark, and when 
moistened with water will give off PH, (Schonn, 
Fr. 8, 55). 

Quantitative. 

Substances containing no elements beside 
carbon, hydrogen , and oxygen. 

The substances are subjected to Combus¬ 
tion as proposed by Liebig (P. 21, 1), hydrogen 
being weighed as H a O and carbon as CO*. The 
operation is performed in a closed or in an open 
tube. 

Closed tube, combustion. 

A tube of hard glass (diameter *5 inch) is 
drawn out as represented, the length being about 
18 inches. It is thoroughly cleaned by washing 
with fuming HNO a , water, alcohol, and ether; 
and is then dried. Coarsely powdered oxide of 
copper, which has been prepared by oxidising 
tho inotal, not by strongly heating the nitrate, 
and has been dried at a red heat, is poufed in 
as far as a ; a mixture of tho weighed substance 
with finely powdered dry CuO is then p rareh uu, 
it fills up the space from a to b ; the vessel 
(mortar or glass tube) in which the mixture has 
been effected is then rinsed with more finely 
divided CuO, and <heso rinsings are poured into 
the tube and take up the space 6 to c ; finally 
some coarse CuO is poured in, taking the space 
c to d. The tube is then gently tapped to ensure 
free passage for gas from end to end. A tube 
containing CaCl 2 is fixed by means of a cork to 
the open end of the combustion tube, and a 
bulb-apparatus (Liebig’s or Geissler’s) contain¬ 
ing caustic potash (1 pt. KOH to 2 pts. H. 2 0) iz 
attached to this, ana in accurate experiments a 
drying tube containing CaCl 3 or solid KOH is 
placed beyond the potash-bulbs. 

The oxide of copper at d is first heated to 
redness, and then the tube is heated at the other 
end; the gas-burners of the furnace are then 

s2 
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gradually turned on, aft either end, so that a 
regular stream of bubbles passes into the potash 
bulbs. When the entire tube has reached a dull 
red heat, the potash solution will begin to be 
sucked back, owing to absorption of CO.,; at this 
moment the point of the tube is broken off, and 
air is sucked through the entire apparatus in 
order that the gases still contained in tho tubo 


of gas. Aft the end of one experiment the 
tube is quite ready for a second. 

Liquids of high boiling-point are analysed 
in the same way as solids, except that they are 
weighed in short open tubes; volatile liquids 
such as ether are best put into a bulb or 
V-tubo, which is inserted between the oxygen 
apparatus and the combustion tube; the pro¬ 




may be drawn into the weighed bulbs; in this 
operation a long glass tube, open at both ends, 
may be placed over the broken point of the tube 
to prevent furnace gases being sucked in. The 
calcium chloride tube and potash bulbs are 
weighed when cool: i of the increase of weight 
of the former is hydrogen, fa of the increase of 
weight of the latter is carbon. 

Open tube, combustion. 

It is in every way better to make the com¬ 
bustion in an ‘open tube,’that is a tube through 
which oxygen is continually passing. 

The greater part of such a tube is filled with 
oxide of copper, c d ; this is followed by an open 


portion between oxygen and vapour of the sub¬ 
stance depends upon the temperature of the 
bulb-tube and should be so regulated that the 
oxygen should be always in considerable excess, 
otherwise an explosion might occur. 

The potash-bulbs may be replaced by a 
U-tube containing soda-lime; in this case the 
escaping gas must be allowed to bubble through 
H.,S0 4 in order that the rate at which it is com¬ 
ing off may be noted. 

Minute quantities of carbonic acid are ab¬ 
sorbed by CuO and even by PbCr0 4 and retained 
at a red heat. Hence in the determination of 
minute quantities of carbon (as in the residue 
from drinking water) these substances should 



space of about 2 inches; then comes a porcelain 
or platinum boat, b, containing the weighed sub¬ 
stance ; beyond (between b and a) it is advisa¬ 
ble to have a spiral of oxidised copper. The 
boat and its contents are not inserted until the 
whole tube has been red hot for some time, 
^dacing ^vhich a current of dry oxygen, free from 
carbonic acid, has been passing through it; it 
is of course necessary to allow the end a c of 
the tube to cool down before inserting the sub- j 
stance, otherwise this would be volatilised too 
rapidly. While the tube is cfitAing, the calcium | 
chloride tube a, potash bulbs n, and the drying 
tube c are attached. The tube, which is still 
red-hot from c to d , is now heated at a and 
the burners are lighted one after another until 
the whole tube is red hot. A slow current of 
oxygen is passed in at a during the combustion. 
The combustion is continued until oxygen 
escaping from c will rekindle a glowing match. 
Before weighing, the oxygen in the tubes a, c, 
but especially b, must be displaced by air; in a 
properly conducted experiment o will not gain 
more than *01 g., a greater increase indicates 
spurting of the potash due to a too rapid current 


be previously ignited in a current of air (Dittmai 
a. Robinson, C.N. 3(5, 2(‘>). 

Minute quantities of carbon may also be esti¬ 
mated by burning in an open combustion tube 
in a current of oxygen, in the usual way, and 
absorbing the CO., in baryta water. The BaCO« 
is filtered off, converted into sulphate and 
weighed (DuprA a. Hake, C. J. 35, 159). Other 
methods are described below. 

Combustion with Chromic Acid. 

Carbon may be determined by heating the 
substance with Cr0 3 and H.,S0 4 and measuring 
the mixture of CO and CO ? given off (Cross a. 
Bevan, C.>N. 62, 207). 

Substances containing Nitrogen . 

Determination of Carbon and 
Hydrogen. 

If thq. substance contains nitrogen, nitrous 
fumes might be evolved, and those would be ab¬ 
sorbed in tho weighed tubes. To prevent this, a 
layer of metallic copper is put in the front of the 
tube, near d, and kept red-hot; it reduces oxides 
of nitrogen to nitrogen. This copper is best 
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obtained by heating & roll of wire gauze in a 
Bunsen flame, and reducing the oxidised surface 
in a current of hydrogen; it should then be 
allowed to cool in a current of CO* as it would 
absorb hydrogen if left to cool in that gas. The 
copper spiral may also bo reduced by heating it 
in the mixture of CO and CO* obtained by 
warming oxalic acid with H.,S0 4 (C. E. Groves, 
C. /. 37, 505). 

Binoxide of manganeso mixed with potassic 
chromate may bo used instead of a reduced 
copper spiral in combustion of nitrogenous sub¬ 
stances. The mixture is made by stirring 
precipitated binoxido of manganese with a 
saturated solution of potassic chromato con¬ 
taining a little bichromate; the paste is dried 
and heated somewhat strongly. The combustion 
is performed with plumbic chromate (or copper 
oxide) in the usual way, about 5 inches of the 
chromate mixture being put in the front part 
of the tube to absorb the nitrous fumes. In per¬ 
forming a combustion, the whole tube is strongly 
heated, while pure air is passed through it, 
then the absorbent mixture is allowed to cool to 
200°-250° and kept at that temperature during 
the combustion (l’crkin, C. J. 37, 457). 

Estimation of Nitrogen. 

Will and Varrentrapp (A. 39,257) mix 
the substance with soda lime, that has recently 
been strongly lie a ted, and put the mixture into 
a short combustion-tube drawn out to a point 
at one end. The operation is conducted exactly 
us in combust !«n in a closed tube ( v . supra), 
the escaping gases being passed into a bulb- 
apparalus to absorb ammonia. The bulbs con¬ 
tain hydrochloric acid, the NH S being weighed 
ns (NH.LITC1*; or, better, standard hydrochloric 
or oxalic acid, tlfe amount of NH 3 being then 
determined by subsequent titration. 

If Die soda-lime contain nitrato it will evolve 
NH 3 even when heated with sugar (Schulze a. 
Kreussler, Fr. 12, 362). If in preparing the 
soda-lime a little Na a S 2 0 3 be added before 
evaporating and strongly heating, small quan¬ 
tities of nitrates and nitrites will be reduced 
and eliminated as NH S (Dittmar, priv. com.). 
Substances rich in nitrogen should be mixed 
with sugar after weighing. 

Unfortunately many organic compounds do 
not yield all their nitrogen in the form of am¬ 
monia when ignited with soda-lime; such arc 
nitroso-, nitro-, azo- and diazo-, compounds, 
and oven some protoi'ds (Ititthausen, Fr. 17,501; 
Kreussler, J. 1881,1008); in this case the method 
of analysis proposed by Dumas is generally used. 
Modifications of the soda-lime process intended 
to overcome this dilliculty have, however, been 
proposed, liuflie (G. J. 39, 87) mixes the sub¬ 
stance (1 g.) with sulphur (75 g.) and finely 
powdered wood charcoal (*75 g.). Soda-lime pre¬ 
pared from NaOli (100g.), water and CaO (56 g.) 
is dried and mixed with Na.,S.,O s (21 g.). Two- 
thirds of the tube is filled with this mixture, 
containing the substance to bo analysed; tho 
remaining third is ordinary soda-lime, which 
prevents ev<j)ution of H a S. The thiosulphate 
reduces nitro compounds. 

Arnold (B . 18, 806) prefers a mixture of 
s )da-lime, sodium formate and Na.,S 2 0 3 . 

Dumas (A. Ch. [2] 53, 1711 heats the sub* 
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stance with oxide of copper and measures the 
escaping nitrogen. A oombustion-tube closed 
at one end has first some bicarbonate of soda, 
or, much better, magnesite, put into it; this is 
followed by pure oxide of copper, a mixture of 
oxide of copper and the weighed substance, pure 
oxide of copper, and finally a bright copper spiral 
—just as in an ordinary combustion; the end of 
the tube is closed by a coik through which passes 
a delivery tube dipping under mercury. Before 
beginning the combustion all the air must be 
driven out of the tube by carbonic acid; this is 
effected by heating the magnesite; the combus¬ 
tion is then proceeded with in the ordinary way, 
and the gaseous products aro collected in a 
graduated tube standing over mercury and con¬ 
taining 50 c.c. of a solution of caustic potash 
(equal weights of potash and water). The pro¬ 
ducts of combustion are water, carbonic acid, and 
nitrogen; the two former are stopped by the 
potash, so that the gas that collects is pure 
nitrogen; at the end of the experiment the com¬ 
bustion tube still contains nitrogen which must 
be expelled by heating the magnesite a second 
lime. The eudiometer and its contents is then 
transferred to a vessel containing air-freo water, 
which takes the place of the mercury and 
potash. Tho volume of the nitrogen corrected 
for pressure and temperature enables one to 
calculate its weight. 

As there is some danger that the magnesite 
may be all used up in the preliminary expulsion 
of air from the tube, a convenient modification 
of this process consists in expelling the air by 
hydrogen; the hydrogen is got rid of by igniting 
a littlo of the copper oxide in the front part of 
the tube; a complete vacuum is thus formed, 
and the mercury rises in the delivery tube to tho 
height of the barometer. Tho combustion is 
proceeded with in the usual way, and the 
residual nitrogen expelled by heating the mag¬ 
nesite. 

Bicarbonate of soda, MnCO a , or a mixture of 
NaXC), and K,Cr 2 0 7 may bo used instead Ot 
magnesite as a source of C0 2 . In order that the 
tube may be used several times without turning 
out all the copper oxide, C. E. Groves ( C. J. 37,. 
501) places the substance intended to evolve 
C(X in a separate tube, 7 inches long, which ig 
attached by a short glass connecting-tube to the 
end of the combustion-tube, which is in this 
ease open at botli ends. A fresh carbonic aoid 
tube is used for each experiment. The C0 2 qp.ay 
also be obtained from marble and HClAy 
ILSOj, but it is then liable to contain air unless 
the apparatus be first exhausted by an air-pump 
(Bernthsen, Fr. 21, 63) or heated to boiling 
(Hufschmidt, , 7 ?. 18, 1411). The nitrogen ig 
frequently contaminated with NO. Frankland a. 
Armstrong ( C . J. 21, 77), after readiug off the 
nitrogen, pass up a little oxygen, and, when the 
resulting N0 2 has been absorbed, they remove 
the excess of oxygen by potassium pyrogallate. 
The mean between the volumes of gas before 
and after this operation is the true volume of 
nitrogen (Thudichum a. Wanklyn, C.J. 22, 293). 
Apparatus for collecting and measuring the 
nitrogen have been devised by Zulkowsky (A. 
182, 290), Schwarz ( B. 13, 771), Ludwig, 

(B. 13, 883), H. Schiff (B. 13, 885), C. E. 
Groves (C. /. 37, 500), Staedel [Fr. 19, 452), 



Behmitt (/. «r. [3] 24, 444), Gladding (Am. 4, 
42), Hempef (Fr. 17, 409), and Hin B ki (B. 17, 
1847). Frankland a. Armstrong (0 . J. 21, 77) 
tannect the tube with a Sprengel’s pump, which 
delivers the gas into a eudiometer at the end of 
the dropping tube (see also Gibbs, Fr. 11, 206 ; 
Hempel,1, 9; Pfliiger, Fr. 18, 296; Johnson 
a. Jenkins, Am. 2, 27). Explosive substances 
may be analysed under diminished pressure. 

The weight of nitrogen is calculated from its 
volume with the aid of the annexed table. From 
the barometric height, corrected for expansion 
of mercury and of the scale, the vapour pressure 
of water at the temperature of the nitrogen is 
deducted; from the corrected pressure and the 
temperature the weight of nitrogen is at once 
given by the table. 


(Arnold, Ar. PH. [2] 24, 785). Kreuiler retain* 
mends a mixture of eono. H,S0 4 (9 pts.) and 
P 8 0 5 (1 pt.) as a substitute for fuming HgSOi 
(v. also Warington, 0. N. 52,162). 

Substances containing Halogens. 

Determination of Carbon and 
Hydrogen. 

In the combustion of substances containing 
chlorino white fumes of cuprous chloride might 
pass into the chloride of calcium tube, and even 
chlorine might bo given olf by the action of the 
oxygon (Stiideler, A. 69, 365; Kraut, Fr. 2,242); 
these boutcos of error may bo prevented by 
placing a roll of silver foil between the copper 
oxide and tho cork into which tho chloride of 


Pressure of Aqueous Vapour, in mm. 

Temp. | 10° I 11° I 12° | 13° I 14° I 15° | 16° I 17° j 18° I 19° I 20° | 21° I 22 ° I 23° I 24° | 2 S° 

Pressure | 9'2 | 9-8 | 10 6 | 11*S | 119 | 12-7 [ 13 6 114-4 | 15'4 | 16-3 | 17*4 | 18-5 | 19-7 | 20 9 | 22 2 | 23-6 


Reduction of Barometric Height. 

If the barometer has a glass scale, the 
necessary reduction will bo found by multi¬ 
plying the following numbers by the temperature, 
via.:— 


mm. 

Reduction 

mm. 

Redaction 

720 

•123 

750 

•128 

725 

•124 

755 

•129 

730 

•125 

700 

•130 

735 

•126 

705 

•131 

740 

•127 

770 

■132 

745 

■127 

775 

•133 


Vapour-Pressure of Aqueous KOH. 

When nitrogen is measured over aqueous 
potash, the correction for vapour-pressure is less 
than that given above, as i3 seen from the fol¬ 
lowing table, which relates to a solution of 1 pt. 
of potash in 2| pts. water (S.G. 1*258). 


10° 

0-19 

18° 

1017 

11° 

0-58 

19° 

11-20 

12° 

702 

20° 

11-97 

13° 

7'48 

21° 

12’80 

14° 

7-99 

22° 

13-70 

15° 

8'53 

23° 

14-02 

10° 

913 

24° 

15-00 

17° 

9-77 

25° 

10-05 


(Kreusler, Fr. 24, 445). 

In tho course of an elaborate discussion of the 
jrfrtTTUs methods of estimating nitrogen, Kreusler 
(Landwirthschaftliche Versuchstationen , 31,207; 
cf. Fr. 19, 92; 24, 438) recommends that tho 
copper oxide be mixed with asbestos. Cuprio 
sulphate (150 g.), water (400 g.),&ud light asbes¬ 
tos (60g.), are evaporated until almost dry ; the 
mass is then thrown in small quantities into 
boiling water (2500 g.) containing KOH (160 g.), 
and finally washed, dried, and heated until red 
hot. Kreusler also uses copper-asbestos prepared 
by reducing this copper-oxide-asbeatos in place 
of a copper spiral. 

Nitrogen may often be converted intoNH, by 
KMn0 4 and boiling NaOHAq (Wanklyn, Chap¬ 
man, a. Smith, O. J. 20, 445), or by KMn0 4 and 
fuming H 2 H0 4 (Kjeldahl, Fr. 22, 370). In the 
latter case it is better to add CuS0 4 (Hilfahrt, 
C. C 16,17), benzoic acid, sugar, and mercury 


calcium tube is inserted. This part of the tube 
is kept at a dull red heat throughout the com¬ 
bustion ; cuprous chloride and silver form silver 
chloride and copper. 

If the substance contains nitrogen as well as 
halogens, a copper spiral need not precede the 
silver spiral. 

Determination of Halogens. 

This is usually effected by placing 4 c.c. 
fuming nitric acid and about a gram of silver 
nitrate in a strong glass tube, then sliding down 
a little tube containing the weighed substance 
in such a manner that it may stick to the wet 
glass and not at once fall into the acid; the 
open end of the strong glass tubo is then fused, 
drawn off to a stout point and sealed. A little 
tapping will now causo the tube containing the 
substanco to fall into the acid, after which the 
whole is heated at 180° for seven hours in a gun- 
barrel. Aromatic substances require a higher 
temperature, 250°-300°. Silver chloride (bro¬ 
mide or iodide) is formed, and, after opening tho 
tubo, diluting and boiling, it is collected, dried, 
and weighed (Carius, A. 116, 1; 136, 129). A 
still easier method is that lately proposed by 
Plimpton and Graves (C. J. 43,119), in which 
the organic substance is burnt in the flame of a 
small Bunsen burner; the halogen is left chiefly 
combined with hydrogen but partly in the free 
state. The products are sucked through aqueous 
NaOH, which is then boiled with S0 2 and sub¬ 
sequently mixed with HNO ;J . The halogen is 
then estimated volumetrically (host by sulpho- 
cyanide method) or gravimetrically. 

Another method is to heat tho substance in 
a combustion tube through which oxygen charged 
with nitrous fumes is passing (Klason, B. 19, 
1910). 

Halogens may in many cases bo determined 
by strongly heating with lime; with a mixture of 
Na 2 CO, and KNO, (Volhard, A. 190, 40); with 
Fe 2 0 3 (E. Kopp, B. 8, 769 ; Klobulowski, B. 10, 
290); or with alcoholie KOH; or by reducing 
with sodiuni amalgam (Kokul6, A. Suppl. 1,840). 

Halogens in the side-chains of aromatic 
compounds may be estimated by boiling with 
a saturated alcoholic solution of AgNO, 
(Schulze, B. 17, 1675). 



Table showing the weight in milligrammes of 1 o.c. nitrogen at 10° to 25° C. and 720 to 770 mm. pressure (Dietrich, Fr, 5, 38). 






























364 ANALYSIS. ORGANIC. 


Compounds containing Sulphur. 

Determination of Carbon and 
Hydrogen. 

In the analysis of compounds containing 
sulphur there is danger that S(X may be absorbed 
in the weighed tubes. This is obviated by using 
lead chromate, in the form of small fused lumps, 
instead of cupric oxide. The PbCr0 4 (10 pts.) 
may be mixed with K^Cr z 0 7 (1 pt.). Sulphur 
remainy in the tubo as PbS0 4 . Volatile 
substanoes containing N as well as S must be 
burnt slowly (V. Meyer a. Stadeler, B. 17, 1577). 
According to Iiitthausen (Fr. 22,108), reduced 
lead chromate can be re-oxidised by heating in a 
current of oxygen. It is of course not necessary 
to fill the whole tubo with load chromate, the 
posterior half may contain CuO. A mixture 
of CuO and PbCr0 4 is sometimes used. 

Determination of Sulphur. 

Sulphur may be estimated by the method 
of Carius, by heating with fuming IIN0 3 in a 
tube as described for halogens; the sulphuric 
aoid is ppd. by BaCl r This method cannot 
usually be employed in the case of organic sul¬ 
phides, since these are converted into sulphonic 
acids. 

The most rapid method is that of Plimpton, 
which consists in burning the substance in 
the flame of a small Bunsen, sucking the pro¬ 
ducts of combustion through dilute NaOJIAq, 
oxidising with Cl, and ppg. as BaSO, (Morlcy 
a. Saint, C. J. 43, 401). Or the substance may 
be burnt in a stream of oxygon and the SO._, 
collected in IIClAq containing Br (Sauer, Fr. 
12, 32, 178; Mixter, Fr. 22,581). In this experi¬ 
ment it is better to pass the oxygen through 
fuming nitric acid so that it may be charged 
with nitrous fumes (Klason, B. 10, 1910). In 
many cases sulphur may be determined by fusion 
with a mixture of Na 3 C0 3 and KN0 3 or KC10 3 . 
In the case of albuminoids it is convenient to 
evaporate with IIN0 3 (10 pts. of S. G. 1*4) beforo 
fusing (Kochs, C. C. 1880, 894). Oxidation may 
also be effected by Na 3 C0 3 and HgO (Bussell, 
C. J. 7, 212). 

Phosphorus. 

The estimation of phosphorus resembles that 
of S. It is weighed as Mg 2 P 2 0 7 . 

Boron. 

If compounds containing boron are analysed 
by combustion with copper oxide the hydro¬ 
gen will come out too high, owing to the 
volatilisation of boric acid. This is prevented 
by using lead chromate instead of cupric oxide 
(Councler, J.pr. [2] 18, 375).' 

Silicon. 

Si0 3 is left behind when non-volatile com¬ 
pounds are heated. Volatile compounds are 
heated with cone, or fuming H.,S0 4 and KMnO ; 
the product is poured into water. The ppd. 
HjSi0 3 is freed from traces of manganese by 
fusion with Na 3 CO, and KNO. (Polis, B. 19, 
1024). 

Alkalis or Alkaline Earths. 

In an ordinary combustion these would be 
left as carbonates, the estimation of carbon thus 


being too low; but if the substance is thoroughly 
mixed with PbCr0 4 (10 pts.), and K^Ci^O, (1 pt.), 
the C0 2 will be turned out by CrO s , the bases 
being left as chromates. Schaffer (Bl. [2] 2, 93) 
mixes the alkaline salts of organic aoids with 
an equal weight of Si0 2 and then with CuO. 

The alkaline metals are determined by strongly 
heating and analysing the inorganic residue. 

Silver, Platinum, and Gold 
Are determined by strongly heating the substance 
and weighing the metallic residue. 

Explosive Substances 

Must be well mixed with CuO beforo being 
put into a combustion tubo; very explosive sub¬ 
stances are analysed in vacuo. 

Combustion with platinum black. 

Kopfer ( C . J. 29, 600) introduced the use of 
finely divided platinum as a carrier of oxygen. 
The anterior half of a combustion-tube is filled 
with platinum black intimately mixed with 
asbestos, the posterior half of the tubo contains 
the weighed substance in a boat; air or oxygen 
is passed through the tubo, the combustion 
being conducted in the usual way. 

Additional References. 

Gay-Lussac a. Thcnard, A. Ch. 74,47 (KCIO,); 
Saussurc, A. Ch. 78, 57; Berzelius, Thomson's 
Annals of Philosophy , 4, 401, P. 4-1, 391; Liebig, 
P. 21, 1; Liebig a. Wohler, A. 26, 270; Hof¬ 
mann, C. J. 11, 30; Cloez, A. Ch. [3J 08, 394 
(iron tube); BL [2J 1, 250; Fr. Schulze, Fr. 6, 
289 (KCIO.,); Wheeler, Am. S. [2J 41, 33 ; Mar- 
chand, J. pr. 41, 177; Gottlieb, A. 78, 241; Mel- 
sens, A. 60, 115; Frankland, T. 117, 63 ; Thorp, 
C. J. 19, 359; Maxwell Simpson, C. J. 6, 289; A. 
95, 63 ; PHiigcr, Arch. yes. Ph'/s. 1878, 117 ; H. 
Schiff, A. 195, 293; Warren, Am. S. [2] 42, 156. 

Determination of oxygen: Wanklyn a. 
Frank, P. M. |4] 26, 554 ; Baumhauer, A. 90, 
228; Ar. N. 1, 179; Ladonburg, A. 135, 1 
(AglO.,); A. Mitscherlich, P. 130,556 ; B. 1, 45 ; 
6,1000; Cretier, Fr. 13,1; Stroincyer,^. 117, 247. 

Simultaneous determination of C, II, 
and N: (Schulze, Fr. 5, 269; Frcrichs, B. 10, 
26; Hempel, Fr. 17, 409; Jannasch a. V, 
Meyer, B. 19,919). 

Proximate Analysis. 

Separation of Mixtures. 

A complete account of proximate organia 
analysis would include descriptions of the pro¬ 
perties of every known organic substanco, since 
the methods to be adapted vary in almost every 
case. 

The simplest method is separation by sol¬ 
vents which dissolve some but not all of the 
components of a mixture; when solid substances 
have been dissolved, they may usually bo further 
purified by crystallisation. 

An unknown mixture is treated with water; 
the insoluble portion is shaken with dilute 
H 3 S0 4 wfcuch dissolves bases, then with dilute 
Na 3 CO g which dissolves acids, then with dilute 
NaOH which dissolves phenols; the bases are 
ppd. by adding KOH to the H z SO,Aq ; the acids 
and phenols by acidifying the alkaline solutions 
obtaining them. 
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The neutral residue is fractionally distilled 
and the various portions are boiled with alco¬ 
holic KOH which saponifies, compound ethers, 
and gives a pp. of KC1 in the case of fatty 
chloro-derivatives. The alcohol is distilled off 
together with volatile alcohols, &c., and the 
residue treated with water, which dissolves salts 
of acids that may have been formed. The in¬ 
soluble residue is a hydrocarbon, high-boiling 
alcohol, alkyl oxide, ketone, haloid aromatic 
compound, &c.; the hydrocarbon will usually 
be left on treating the residue with cold 110804 
if aromatic chloro-derivatives are absent. 

The aqueous extract of the original sub¬ 
stance is neutralised (if necessary) and distilled. 
The distillate is treated with K 2 CO a which 
separates alcohols, lactones, methyl acetate Ac. 
The residue is made alkaline by KOH and dis¬ 
tilled : bases pass over; it is then acidified with 
HSO., and distilled: volatile acids pass over. 
The residue is exactly neutralised and neutral 
substances are extracted by ether, chloroform, 
and benzene, the aqueous residuo is acidified 
and non-volatile acids are extracted by these 
solvents; the residuo is now made alkaline and 
again extracted, finally it is evaporated to dry¬ 
ness, and, if any organic matter is still present, 
extracted with solvents. ( V . also Alkaloids, p. 
120 ; Acids, p. 56.) 

Many substances, even of very high boiling 
point, distil in a current of steam. 

Detection of radicles. 

Ilydroxyl.— Compounds containing OH 
evolve ITC1 when treated with PCl a (p. 64); 
but if PCI- is used ehlon nation may occur 
e.g. C (i IT,OMe 4 PC1 5 = C (( H 4 C1.0Mc H PC1 ? + 1IC1. 
AcCl acts upon hydroxylic compounds with evo¬ 
lution of HOI; when water is added to the pro¬ 
duct the acetyl derivat ives of alcoholic hydroxyls 
are not affeded, but CO.OAc is converted into 
CO.OH. AcCl acts also upon amines in the fol¬ 
lowing way: 

C (i II 5 NH 2 + AcCl = CJI a NAcH j HC1. 

BzCl and Ac./.) also displace hydroxylic hydro¬ 
gen by acid radicles. In compounds whoso 
molecules do not contain NH 2 or Nil Die number 
of hydroxyls (other than those in carboxyls) 
present can be determined by estimating the 
acetic acid obtained by saponifying the pro¬ 
duct after treatment with water. The groups 
C.CO.NH and O.CO.CIL in many cases act trs if 
they contained hydroxyl and wero C.C(OH):N 
and C.C(OH):CH. 

Very dilute, colourless solutions of Fe 2 Cl„ 
give a distinct colouration with compounds con¬ 
taining alcoholic hydroxyl (Landwehr, B. 19, 
2720). 

Zinc ethide evolves ethane gas when mixed 
with compounds containing hydroxyl or aiuido- 
gen (Japp, C. J. 37, 665); compounds contain¬ 
ing imidogen evolve gas when heated with ZnEt 2 
at 100° (Japp, C.J. 39,221). (7. also Alcohols 
and Acids.) 

Amidogen is indicated by the reactions 
just mentioned, and also by the readiness with 
which mcthyl*can be introduced by heating with 
Mol. Methyl iodide does not act upon hydroxyl 
except in presence of an alkali. Compounds 
containing NH 2 evolve nitrogen when heated 
with nitrom acid. 


The number of amidogens in the molecule of 
! a compound may be found by treating the sub¬ 
stance with KNO a and HgSO,; the escaping 
nitrogen is freed from NO by FeSO, and then 
measured (Sachsse a. Kormann, Fr. 14, 380). In 
easily diazotised aromatic amido compounds, the 
number of amidogpns may bo determined by 
dissolving in cone. HClAq and titrating with a 
normal solution of KN0 2 , until a drop of the 
solution gives a blue colour with KI and starch 
(Green a. Evershed, S. G. I. 5, 633). 

Imidogen is indicated by tho production of 
a nitrosamine when treated with nitrous acid. 
(See also Amines, Amido-acids, Amides.) 

Carbonyl is indicated by the reaction with 
phenyl -hydrazine and hydroxylamine (p. 107). 

Carboxyl is indicated by the easy pro¬ 
duction of metallic salts, and by the splitting off 
of C0 2 when the substance is heated alone or 
with lime. 

Want of saturation is indicated by instant 
bleaching of bromine. 

Acetylenic hydrogen is indicated by the 
formation of explosive pps. with ammoniacal 
cuprous chloride or silver nitrate. 

Nitroxyl.—Nitro compounds may be re¬ 
duced to compounds containing amidogen. The 
number of nitroxyls is found by reducing with 
standard SnCl 2 and titrating with iodine (Lim- 
priclit, B. 11,35). 

M e t h o x y 1. Tho number of MeO groups can 
be found by boiling with aqueous HI (S.G. 1*68) the 
distillate (Mel) being received in alcoholic AgNO, 
and the resulting Agl weighed (Zeisel, M. 6,989). 

Halogens in the side chains of aromatic 
compounds can be estimated by boiling with a 
saturated alcoholic solution of AgNO a (Schulze, 
B. 17, 1675). 

ANAMIRTIN C, 0 H 24 O,„(?). Occurs in grains 
of cocculus indicus ( Anamirta cocculus) along 
with picrotoxin ( 7 . v.),pierotiu, and glyceryl stea¬ 
rate (Barth a. lvretschy, Sitz. B. [ii] 81, 7; 
Francis, A. 12, 254). Short needles (from water), 
insol. benzene; becomes brown at 260°. Neither 
bitter nor poisonous. 

ANCHOIC ACID = Azelaic acid. 

ANCHUSIN v . Alkanet. 

ANDROMEDOTOXIN C ai H al O,„ [228°]. A 
poisonous substance in Rhododendron ponticim 
(Zaaijcr, R. 5, 313). 

ANEMONE. — The plants Anemone nemo - 
rosa , A. pratensis, and A. pnhatUla when dis¬ 
tilled with steam yield anemonin, anemone- 
camphor, anemonic acid, and a yellowish oifr 
which arc extracted by shaking the distillate 
with chloroform (Lowig a. Weidmann.P. 46,45; 
Schwarz, Mag. Pharm. 10, 193; 19, 168; Fell- 
ling, A. 38, 27§; Dobraschinsky, J. Ph. [4] 1, 
319 ; II. tfeekurts, C. C. 1885, 776). 

Anemonin C,,tf 12 0 8 . |150'j. Trimetrio 

crystals; sol. GHC1 S , si. sol. alcohol and water, 
insol. ether. Reduces AgNO a .- rbOC l 6 H, 2 O e . 

Anemonic acid. Amorphous powder; insol. 
water, alcohol, and ether. 

Anemone-camphor. Trimetrio prisms; un- 

n V\1 a 

ANETHOL C, 0 H„O i.e. 

CH,O.CjH 1 .CH:CH.CH, [1:41. Methyl p-pro- 
pmyl -phenol. [21-8°]. (232°). S.G. af'987. 

1-6167 (Gladstone, O. J. 49, 623). B m 
77 97 (Nasini, G. 15, 93). S.V.S. 149-34. 
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OecmrrtMi.—ln oil o( anise {from Pbmpi- 
ntlla animn\ together with a terpene, is China 
or star anise (from niicium anisatim), in fennel 
{Anethum fceniculum), and tarragon ( Artemisia 
Dracunculus) (Laurent, Rerue. Scicnt. 10, 6 ; 
Gerhardt, A. 44, 318; 52, 401; Cahours, A. Ch. 
[ 8 ] 2, 274). 

Formation. — Together with C0 2 when 
CH„0 C„H,.CH;C(CH 8 ).C0 2 H is heated (Perkin, 
0. J. 32,66!)). 

Properties. —Plates; v. si. sol. water, v. e. 
Sol. alcohol and ether. Easily polymerised. 

Reactions. — 1. Oxidation produces anisic 
aldehyde, anisic acid, and acetic acid (Honipel, 
A. 59, 104). —• 2. Alcoholic potash produces 
0„,H„,0., [87°] and C M H,A [05°]; the latter 
forms an acetyl derivative [40°] (Landolph, 75. 
13, 147; C. It. 81, 97; 82, 220).-3. Nitrosyl 
chloride produces C„H 1 (OMc).C.,H, 1 NOCl which 
reduces to C 1 II ( (OMe).C ;i IT t NH, (Tonnies, 73.12, 
169).—4. Nitrous acid produces two bodies: 
C < H 1 (OMc).C 3 H,N ; Oj and C.H.fOMej.CJLNA 
[97°]. Tlie former may be reduced to 
C,H,(OMe).C.,H.(OII)NH,HCl, the latter to 
(CH 3 O.C„H,.C 3 li,). i N,0 J (?) (T„ B. 13, 1845).- 

5. Boron fluoride produces CJI.OMe, and a 
liquid C„H, u O (a. 227°) (L., C. It. 86 , 601).— 

6 . HI at 260° forms C„H„. (150°) and C,,H.„ 

(210°) (L., C. R. 82, 849). — 7. l’Cl, forms 
C, S H„C10, [~3°], (229 ), S.G. a 1-191 

(Landolph); Ladenburg gives different proper¬ 
ties for chloro-anethol, viz.: [ 6 °], (258°), S.G. 2 
1-125.-8. Br forms C, 0 H,..Br,O, [G5°J (Laden- 
burg, A. Suppl. 8 , 87 ; Z. [2] 5, 576). 

Anethol - tetrahydride C lo H„0. Anethol- 
camphor. [190°-193°]. nas a camphor-like 
smell. Formed together with anisic aldehyde 
by the oxidation of anethol with UNO, (L.). 
Smells like camphor. On oxidation with K.Cr.,0, 
it gives an acid which terms long needles of melt¬ 
ing point [175°) (anisic acid?). 

Anethol - hexahydride C,„H„0. Anethol - 
bomeol [19°]. (198°). Formed together with 

an acid by heating anethol - tetrahydride with 
alcoholic KOII (L.). Long slender needles. 
Insol. KOIIAq. 

Anethol dihydride = Methyl-VnorYh-rnEnm,. 

Anetholn (C,„II, 0)„. Anisoin. [140°-145°J. 
From anethol by shaking with a little TI..80, 
or P.,0., (C.), or by the action of SnCl, (Gerhardt, 
/. pr. 36, 267), I in KIAq (Will a. Ithodins, A. 
66 , 230) or BzCl (Kraut a. Uelsmann, J. pr. 77, 
A90). Prepared by distilling oil of anise with 
r oonc. H„SO ( . Needles (from ether) ; insol. 
water and alcohol. Decomposed on distillation 
into liquid metanethol and solid isanethol. 

Metanethol (C,„H la O),. [132°'. (above 300°). 
Prepared by heating ancthoF (210 g.) with 
ZnCl, (750 g.) in a copper retort; in a few 
minutes white fumes appear in the receiver, 
superheated steam is then passed into the re¬ 
tort; the metanethol then passes slowly over. 
The yield is 5 to 10 p.c. (Perrenoud, A. 187, 63). 
Silky needles (from ether). Not volatile with 
steam at 100 °. 

Metanethol sulphonic acid 
(CjoHn(SOjII)O).. Formed by cone. II 2 S0, in the 
cold. Salts.—CaA' 2 aq: lamina!.—BaA',. 

Chloride C.AntSOjClJO. [183°]. 

Xdqnid metanethol (C,„H t 2 0)„. (233°). 

8.G. u ’971. Formed by distilling anethoin 


(Kraut a. Beblun, Z. 1888, 858); and by dis¬ 
tilling anethol with ZnCl 2 . Converted by cone, 
H.,SO, into anethoin. At 320 s it partially 
ohanges to isanethol. 

Sulphonic acid.— (C,„H n (S0,H)0), (Ger- 
hardt, J.pr. 36,275). Salt.—CaA'.aq: gummy. 

Isanethol (C, 0 H,jO)„. A viscid mass left in 
the retort when anethoin is distilled; eono. 
HjSO, converts it into anethoin. 

ANGELICA, OIL OF, The seeds of Angelica 
archangelica yield an essential oil (S.G. 2 -872; 
[a]„ 13° 8') containing a terpene, C, 0 H 1B , (175°), 
S.G. 2 -833, [a] u = 12° 38'. The rotatory power 
of this terpene is reduced to 4° 52' by heating 
for 432 hours at 100°; it is readily polymerised 
and easily oxidised (Naudin, C. R. 93, 1146). 
The essential oil also contains mcthyl-ethyl- 
acetic and oxymyristio acids (It. Muller, 73.14, 
2476). The rootsof Angelica archangdica yield 
an essential oil (S.G. 2 -875) containing a ter¬ 
pene (166°), S.G. S -870, [«] = 2 3 50'. This 
terpene polymerises readily under the influence 
of heat or sodinm (NaudiD, C. R. 96,1152; Bl. 
[2] 39, 406). 

ANGELIC ACID C,H,0,, i.e. 
CH.,:CH.CH(CH,).CO.,il. Pentenoicacid. Mol. w. 
100 . [45°]. (185° i.V.). 

Occurrence. — In tho root of Angelica 
archangelica (Buchner, A. 42, 226). Oil of 
chamomile ( Anthemis nobilis) may bo separated 
by fractionating into isobntyl isobutyratc, iso¬ 
butyl angelate, amyl angelate, and amyl tiglate; 
the residue contains hexyl tiglate and anthcmol, 
C, 0 H,„O (Kobig, A. 195, 95). Angelic acid is 
formed, together with laserol by heating laser- 
pitin with alcoholicKOH (F’oldmann, A. 135,236). 

Preparation. —1. Angelica root (50 lbs.) is 
boiled with lime (4 lbs.) qnd water, and tho 
filtrate acidified with II,SO, and distilled (Meyer 
a. Zenncr, A. 55, 317).— 2. Oil of chamomile is 
saponified by alcoholic KOH (Kopp, A. 195, 81; 
Pagonstechcr, A. 195,108; Beilstein a. Wiegand, 
73. 17, 2261).—3. Sumbul or moschus root con¬ 
tains a resin which when boiled with alcoholic 
KOH yields angelic and methyl-crotonic acids 
(Beinscb, Jahrb.pr. Pharni. 7, 79; E. Schmidt, 
At. Ph. [3) 24, 528). 

Properties.— Monoclinic prisms or noodles; 
si. sol. cold water, v. sol. hot water, alcohol, and 
ether. 

Reactions.—1. Hydriodic acid at 190° re¬ 
duces it to valerio acid (Ascher, Z. [2] 6,217).— 
2. Potash-fusion produces acetate and propionato 
(Domarqay, C. R. 80.1400).— 3. Bromine forms 
a dibromido [86°].—4. Cone. 1I.SO, converts it 
into tiglic acid.—6. KMnO, gives CO., and alde¬ 
hyde (B. a. W.). 

Salts. — I3aA' 2 4)aq: crystalline mass. — 
CaA' 2 2aq: long needles, much more soluble in 
cold, than in hot, water. — AgA': feathery 
crystals, si. sol. water.—PbA' 2 : crystals, si. sol. 
water* 

Ethyl-ether.— EtA'. (141-5°). S.G. 2 -935. 

Isobutyl ether (177°). 

Ieoamyl ether CjH,^'. (201°). 

Anhydride (C„H,0) 2 0. Oil (Chiozza, 
A. Ch. [3] 39, 210). » 

Uydriodide CH,.CHI.CH(CH 2 ).C0 2 H. 
[46°]. lodo-valeric acid. Prisms. Formed by 
very cone. HI. 

Constitution.— Angelic acid is isomeric with 



*Uyi* 06 tic Mid, GH, :GH.GH $ .GH s .C0 8 H, methyl* 
crotonio or tiglio acid CH i .CH:C(OH 8 ).OO j H, 
fi -/9-di-methyl -acrylic acid (CH 1 ) 2 C:CH.C0 2 H 
(Ustinoff, J. pr. [2] 34, 484), propylidene- 
acetio acid, CH 3 .CH 2 .CH:CH.C0 2 H, and tetra- 
methylene carboxylic acid. 

The same valeric acid, (173 3 -175° uncor.), 
8.G. 15 *941, is formed by reducing the hydriodides 
of angelic and of tiglic aoids by Zn and H..S0 4 . It 
is probably CH 3 .CH 2 .GH(CH 3 ).COJI (Schmidt, 
B. 12, 252). Angelic acid changes when long 
kept, or when treated with AgNO s , into tiglic 
acid, and hence the two acids have probably the 
same carbon skeleton. The hydriodide of angelic 
acid is, however, different from that of tiglic 
acid, CH 3 .0H 2 .CI(CH 3 ).CO 2 H. This would be ex¬ 
plained by assigning to angelic acid the formula 
CH 2 :CH.CH(CTI n ).CO..H, its compound with HI 
being CH 3 .CHI.CH(CH 3 ).COJI. The latter iodo- 
valerio acid is not CH 2 I.CH,.Cn(CH 3 ).CO.,H for 
it gives no lactone on neutralisation with Na 2 C0 3 , 
but butylene CH 3 .CH:CH.CH 3 (Fittig, A. 216, 
161). An alternative formula, CH 2 :CEt.CO..H, 
would form with III either CH 2 I.CIIEt.C0 2 H or, 
more probably, CH 3 .CJ Et.CO.JI; sodium car- 
bonato would convert the latter into an oxy-acid, 
or back into angelic acid, while the former would 
give the butyleno CII,:CH.CH 2 .CH a . 

ANGELICO-BENZOIC OXIDE C l 2 H, 2 0 3 i.e. 
C s H 7 O.O.Bz. From potassium angelate and BzCl 
(Chiozza, A. 86 , 260). Oil. 

ANGELICO LACTONES. C 5 H 6 O r 0-acetyl- 
propionic (levulic) acid splits up on distillation 
into H..0 and a mixturo of these lactones, transi¬ 
tion compounds being doubtless the two iso¬ 
meric oxy-acids CH 3 .C(OII):CH.CH.,C0 2 H and 
CH 2 :C(0II).CTI 2 .CII 2 .C0 2 H. They are dried over 
K.,C0 3 and separated.by fractional distillation 
(Wolff, A. 229, 249 ; B. 20, 425). The (a) lactone 
is converted into the (fi) modification by com¬ 
bining it with IIC1 and distilling the product. 
Both lactones combine with bromine, and both 
are changed to ; 8 -acetyl-propionic acid by boiling 
with water or by treatment with cold aqueous 
baryta. This reaction is easily explained, for 
the oxy-acids CH 3 .C(OH):CH.CH...CO.H and 
CH 2 :C(0H).CH 2 .Cir,..C0 2 H into which the lac¬ 
tones should be converted, would both change (by 
Erlenmcyer’s rule) into CH 3 .C0.CH 2 .CH 2 .C0 2 ll. 
(a)-Angelico-lactone CH 3 .C:CII.Cli..C0.0 

[18°]. (168"). Y.D. 3*6. S. 5 at 15°. Is also formed 
by the action of water on the bromido of 
0 -bromo-£-acetyl-propionio acid. Colourless 
neutral liquid, gradually turns yellow. It has a 
pleasant odour and bitter taste. At 0° it solidi¬ 
fies to white needles which are not hygroscopic 
and are volatile. The lactone dissolves in most 
lolvents. It is separated by K 2 C0 3 from its 
aqueous solution. If left a few hours with cold 
water the liquid becomes acid. e 

Reactions .—1. NH, converts it into / 8 -acetyl - 
propion-amide.—2. Combines with bromine in 
CS 2 forming the lactone of di-bromo-oxy-valeric 
acid (q. v.). —3. Combines with HCl forming the 
lactone of chloro-oxy-valeric acid (q. u.)l 

(i Q)-Angclico-1tictone CH 2 :C.CH 2 .CH 2 .CO.O. 

t209°) at750mm. (84°).at25 mYoTKoJ 1*1084. 
Colourless neutral liquid. It does not solidify at 
-15°. It is partly converted into its (a) homer- 


ide every time it is distilled under atmospherio 
pressure. Miscible with water, has a pleasant 
odour. May bo left for 4 hours with cold water 
without production of an aoid. 

Reactions.— 1. Boiled with water it is very 
slowly converted into levulic acid.—2. Combines 
with bromine in CS 2 .—3. Docs not combine with 
HCl. 

ANGELYL. Tho radicle C 5 H 7 0. Also ap¬ 
plied by Hofmann to monovalent Pentenyl 
(q. v.). 

ANGUSTURA OIL C„H 24 0. (266°). S.G. 
•93. Obtained by distilling true Angustura 
bark {Caspar ia febrifuga) with steam (Herzog, J. 
1858, 444). The bark contains also cusparine 
and gasipeinc [q. v.). 

ANHYDRIDES.— Oxides which react with 
water to form acids (q. v.), or are obtained from 
acids by withdraxuing water , or xohich react 
with basic oxides to produce salts: e.g. 

S0 3 + H..0 - H 2 S0 4 ; 2HNO a - H..0 = N 2 O s ; 

SO., + BaO = BaSO,; CrO a + BaO - BaCrO,. 
Solutions of anhydrides in ether or other liquid 
quite free from water do not exhibit an acid 
reaction towards litmus. The greater number 
of the oxides of non-metals are anhydrides; the 
metallic oxides which belong to this class are 
usually those containing the greatest quantity 
of oxygen relatively to the metal. The more 
negative tho character of an element the more 
do the lower oxides of that element exhibit the 
properties of anhydrides; tho most positive 
elements do not form anhydrides. Metallic 
anhydrides do not, as a rule, produce acids by 
reacting with water, but most of them may be 
obtained from the corresponding h} drated oxides, 
having feebly-marked acid characters, by the 
action of heat; e.g. Nb 2 0 5 , PtO, Pt0 2 , Ti0 2 , 
Sn0 2 , Ac. The formation of salts from these 
anhydrides is usually accomplished by fusing 
them with more basio oxides or hydrates; e.g. 
Ta.,0 5 + E.0 (fused) - K 2 Ta 2 0 6 ; in some cases the 
metallic anhydride dissolves in strong aqueous 
potash or soda to form a salt; e.g. 

Aa,0 3 + 2KOIlAq = K 2 Au 2 0 4 Aq + iLO. A defi- 
nite connexion can bo traced between the posi¬ 
tion of an element in the classificatory scheme 
founded on the periodic law and the existence 
or non-existence of anhydrides containing that 
element ( v . Oxides; also Classification; and 
Pekiodic Law). 

As a broad rule tho anhydrides of the poly- 
basic acids may be obtained from these acids by 
tlio action of heat (the anhydrides art’usually 
the final products, before they are reached new 
acids aro produced), but this rule has excep¬ 
tions; e.g. } P.X ) 5 .cannot be obtained by heating 
II.,P0 4 . The anhydrides of monobasic acids are 
usually obtained indirectly, often by the action 
of an acid chloride on a salt, e.g. C1C1 + HgCIO = 
HgCl + CLO (this method is largely used in pre¬ 
paring organic anhydrides, v. next article) ; those 
anhydrides aro sometimes obtained from their 
acids by withdrawing water by the action of 
dehydrating agents; e.g. 2HNO„ + P 2 0 5 = 
N 2 O s + P 2 0 s H 2 0. A few anhydrides are produced 
by heating salts of the corresponding acids; e.g. 
FeSG 4 when heated in air forms Fe 2 S 2 0„ and 
this on further heating gives Fe 2 0 3 and 2SO,. 

Besides their characteristic reactions with 
water and basio oxides, many anhydrides combine 
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with normal salts to produce ‘acid* salts 
(®. Salts); e.g. K 2 0r0 4 + CrO,«KjCrjO,. 
K,W0 4 + WOj^KaWjO,. Many of the non- 
metallic anhydrides combine with their own or 
other acids to form new acids; e.g. the follow¬ 
ing compounds are thus produced, (HN0 3 ).,N 2 0 s , 
H 2 S0 4 S0 3) HCISOj, HS0 2 N0 3t Ac. A few an¬ 
hydrides react with basio oxides to form salts not 
of their own but of other acids; <*.< 7 ., N„0 reacts 
■with Na 2 0 2 Aq to produce NaNOAq (not NaNO); 
such anhydrides seem to be obtainable, indirectly, 
■from more than ono acid, thus N.X) is got by 
heating HNOAq or by heating solid NH 4 N0 3 . 

Most anhydrides may bo regarded as con¬ 
stituted of two or more acid radicles united by 
oxygen atoms; on this view such formulas as 
these would be applicable:—N0 2 .0.0 2 N; Cl.O.Cl, 
Ac. The mutual relations between acids and 
anhydrides are repeated to a great extent in the 
relations of basic hydrates, or hydroxides, to 
their oxides; e.g. Fe 2 0 6 H a when heated yields 
3H..0 and Fe 2 0 3 ; CaO when added to H 2 0 
produces CaO»H 2 , Ac. 

At one time the name anhydride included 
both base-producing and acid-producing oxides; 
then the former class was distinguished as 
basic-anhydrides ; but now the name is almost 
universally employed with the meanings given 
to it in this article. The following are the best 
marked anhydrides containing metals : — Sb.,O a , 
Sb 2 0 5 ; As 2 O a , As.,0 5 ; (?Bi,.0 5 ); CrO s ; (?Di.,OJ; 
Au,0 3 ; lr,0 8 ; TbO.,; M 11 O.,; Mo0 3 ; Nb,0 5 ; 
<)s0 4 ; 1‘tO, PtO,; Ta.,0 5 ; SnO, SnO.,; Ti0 2 ; 
W0 3 ; DO.,; \,O v V 2 0 5 ‘; Zr0 2 . The sulphides, 
or hydrosulphides, of certain elements react with 
the anhydrides of thio-acids; e.g. As 2 S 3 dissolves 
in KIISAq to form KAsS.Aq, but the acid corre¬ 
sponding to this thio-arsenite is unknown; again, 
\VS 3 dissolves in KHSAq to form K 2 \VS,Aq f 
which reacts as the potassium salt of tliio- 
tungstic acid (H 2 WS,), which acid has not itself 
been prepared. The thio-acid corresponding to 
the thio-anhydride SnS 2 , viz. H..SnS 3 , has been 
prepared; CS 2 again is the thio-anhy Iridc of 
thio-carbonic acid II 2 CS 3 . It is not, liowever, 
customary to apply the term anhydride to any 
sulphides even when an acid, or a series of 
salts, can bo obtained from them. M. M. 1\ M. 

ANHYDRIDES, ORGANIC. The anhydrido 
of an organic substance is a body derived from 
it by elimination of water. The water may be 
derived from one molecule, or several molecules | 
may become united in the process; in the latter 
case 1 condensation ’ is said to take place a 
term which is also used when closed chains are 
produced. A molecule of water may be derived: 

A. From two carboxyls. 

33. From one carboxyl ana one hydroxyl. 

C. From two hydroxyls. 

I). From one hydrogen and one hydroxyl. 

E. From carboxyl and amidogen. 

F. From carbonyl and amidogen. 

G. From hydroxyl and amidogen. 

A. From two Carboxyls. 

Acid Anhydrides. 

Formation.— 1 . On application of heat most 
naonocarboxylic acids distil undecomposed, while 
di-carboxylic acids in which the carboxyls are 
attached to adjacent atoms of carbon give 
anhydrides, e.g. 


0 * H *<CO:OH-°« H *<00> 0+H » a TO* 0111 * 

carboxyls are attached to the same atom of 
carbon, 00, is split off: 

CH,.CH(CO,H) a = CH s .CH a .C0,H + CO,. 

2. Anhydrides ot monobasic acids are got 
by the action o( acid chlorides on alkaline salts 
(Gcrhardt, A. Ch. [3] 87, 285). Mixed anhy¬ 
drides of monobasic acids may be got in the 
same way. Instead of the alkaline salt the free 
acid may be used (Linnemann, A. 101, 169). 
An acid heated with its chloride gives its anhy¬ 
dride in the following oases amongst others: 
acetic, trichloro-acetic, butyric, benzoic, and suc¬ 
cinic acids. Acotyl chloride heated with dibasic 
acids gives anhydrides of the dibasic acid in the 
following cases amongst others (a mixed anhy¬ 
dride is perhaps first formod): succinic, chloro- 
succinic, bromo-suocinio, maleic, acetyl-malic, 
diacetyl tartaric, diacetyl racemic, citraconic, ita- 
conic, camphoric, phtlialic and diphenie acids. 
These anhydrides of dibasio acids readily absorb 
water from the air forming the corresponding 
hydrates, from which, however, they may be 
separated by chloroform which dissolves the an¬ 
hydrides only. Benzoyl chloride acts like aeotyl 
chloride. In neither oase are mixed anhydrides 
formod. 

Acetic anhydride at 120°-160° also converts 
dibasic acids into their anhydrides, e.g.: 
succinic, camphoric, plithalic, and diphenie acids 
(Anschutz, A. 226, 12). 

3. Anhydrides are also formed by the action 
of lead nitrate on acid chlorides (Lachowicz, B. 
17,1281), e.g.: 

2AcCl + Fb(NO a ), = Ae,0 + FbCl, + N,O s . 

4. By passing phnsgeno over heated salts 
(Hentschel, B. 17, 1285): 

2XaOAc s COCl,= AS,0 + 2NaCl + CO,. 

5. By warming the chlorides of the acids 
with dry oxalic acid, e.g. 2Ph.COCI + H,C,0,= 
(Ph.CO) .O + 2HC1 + CO, + CO (Anschutz, A. 226, 
14). 

Beactions.— 1. Simplo anhydrides may 
! usually be distilled or sublimed, but mixed 
; anhydrides such as BzOAc arc split up by heat 
| into two simple ones: 2BzOAc - Bz,0 < Ac,0.— 

2. They are insoluble in water, but slowly con¬ 
verted by it into the corresponding acid; a con¬ 
version Dint is moro rapidly effected by alkalis.—• 

3. Alcohol forms cthylethersof the corresponding 
acids.—4. Ammonia forms an amide and an am¬ 
monium salt: Ac,0+ 2NII, = AcNH, +AcONH,, 
or, in the case of anhydrides of dicarboxylic acids, 
an amioacid.—5. Ao lium-amaljiim reduces them 
to aldehydes and alcohols (Linnenmnii, A. 148, 
249). -6. PCl,forms FOCI, and acid chlorides.— 
7. Ifeated with NaOAo in sealed tubes at 200° 
some anhydrides yield ketones (Perkin, C. J. 
49, 325): 

. CII,.CO,Na + (CH,CO),0 - 
CHj.CO.CH, + CO, + CH,.CO,Na. 

CH,.CO.,Na + (C,H,CO),0 = 
C,H,.CO.CH, + CO, + C 1 II,.CO,Na. 
Intermediate addition-produsts, such as 
CH,.C(().CO.C > H,) r ONa, are perhaps the cause 
of this reaction. . 

B. Prom Hydroxyl and Carboxyl. 

This is the ordinary proooss of etherification i 

EtOH + CH,.CO,H - H,0 + CH,.CO.OBt. 
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When hydroxyl and carboxyl are both present 
in the Bame molecule, spontaneous etherifica¬ 
tion may take place, the reaction taking place 
between two molecules, as in the formation of 

lactide, 0<Cco * rom lactic acid 

H0.CQMe.C0 2 H, or by'splitting off water from 
one molecule, e.g. 

CH a .CH(0H).CH 2 .CH 2 .C0 2 H - 
CH 3 .CH.GH 2 .CH 2 .CO.O. 

i _i 

In the latter case the alcoholic part of the mole¬ 
cule etherifies the acid part, and the product is 
called a lactone (v. Lactones). Hydroxyl in the 
y and 5 positions gives rise to lactones. 

C. From two Hydroxyls. 

The elimination of water between two 
hydroxyls in different molecules produces an 
oxide or simple ether. The result is brought 
about by first forming an intermediate com¬ 
pound, e.g.: 

EtOH + H.,S0 4 = EtO.S0 3 H + H 2 0 
EtO.S0 3 H + EtOII = EtOEt + H..S0 4 (v. Ether). 
When two hydroxyls aro attached to one atom 
of carbon they usually split off water spon¬ 
taneously, producing carbonyl. 

Two hydroxyls attached to contiguous atoms 
of carbon may give riso to an oxide or internal 
ether, an intermediate body being first prepared, 
e.g. 

HO.CH 2 .CH.,OH + HC1 = Cl.CH...CH 2 OH + H.,0 
C 1 . 0 H 2 .CH 2 0 H + KIIO = cij 2 .ch 2 + fcci 4 h 2 ‘o. 


D. From one Hydrogen and one Hydroxyl. 

Water can be eliminated by the union of 
hydroxyl with hydrogen when they aro attached 
to adjacent atoms of carbon. This readily 
occurs with /3-oxy acids, e.g.: 

OH 2 (OH).CH 2 .CO.,H = li.,0 4 CH.:CH.C0 2 n. 

C c II 5 .CH(bH).CH.,.CO..H = 
n 2 0 4 - C # H 5 .CH:CII.Ob.H. 


E. From Carboxyl and Amtdogen. 

Water can be formed either from the hy¬ 
droxyl and hydrogen, e.g. 

C ° H ‘<NH? 0 ' OH “ H ‘° 1 C '. ;I ‘<NH > C0 
or from the oxygen of the carbonyl and hydrogen: 

°' n ‘<N H S CO ' OH - n *°+c.H ( < c N °>o.on. 

Compounds resulting from the first mode of 
dehydration are called lao t am s, those resulting 
from tho second mode of dehydration being 
termed lactims. 

It is very difficult to say which formula best 
represents a given compound; Baeycr considers 
that the arrangement represented by the laetirn 
is the more stable, but that before Undergoing 
chemical reactions it usually changes to the 
transition or labile condition represented by the 
lactam. The prefix pseudo is frequently applied 
to distinguish a lactam from a lactim. In the 
aromatic series tho elimination of wHter takes 
place spontant&usly when the two side-chains 
are in the ortho position, and when the condensa¬ 
tion can produce a ring, containing 5 or 6 atoms. 


Thu. C,H 1 <^ :0H - C0 ' H 


oondensea toO,H.<S H;OH > O.OH while 

C » H *<NH'' CHi ' 0Hl ' C ° >H does not P ro<iuM 

anhydride. 

F. From Carbonyl and Amidogen. 

The caso in which carbonyl forms part ol 
carboxyl has already been mentioned. 

Mono-alkoyl-o-diamines and o-amido-alkoyl- 
phenols exhibit a tendency to split off water and 
form Anhydro compounds , e.g. 

0 « n ‘<NH; C0 ' CHs = Hi0 + 0 » II -<N H > C0H ' 

C t n '<NH° C ‘ n5 “ H *° + °« H <N> aC! « H » 
(Hiibncr, A. 208, 278; 200,339; 210,328). Tho 
first class of compounds may bo viewed as 
amidines. These anhydro-compounds are formed: 
(1) From aromatic alkoylamides or alkyl phenols 
by nitration and reduction with tin and glacial 
acetic acid. (2) From [1:2] amido- (or oxy) 
nitro-eompounds by heating with acid chlorides 
or anhydrides, and reducing the product. ( 3 ) 
From o-diamines or o-amido-phenols by heating 
with acid chlorides or anhydrides. 

G. From Hydroxyl and Amidogen. 

Alkyls can be introduced into amidogen by 

heating an amino with an alcohol or phenol, 
especially in presence of dehydrating agents: 
thus anilino boiled with (/3)-naphthol gives 
phenyl - (&) -naphthylaraine. 

ANHYDRO-ACET-DI-AMIDO-BENZENE v. 
Ethenyl-phenylene-diamine. 

ANHYDRO - ACET - DI - AMIDO - BENZOIC 
ACID v. Ethenyl-di-amido-benzoic acid. 
ANHYDRO-ACETYL- v. Etitenyl-. 
ANHYDRO-DI-ACETYL-ACETAMIDIL v. 
Acetamidtne. 

ANHYDRO-DI-ACETYL-ACETAMIDINE v. 

Acetamidine. 

ANHYDRO - o - AMIDO - PHENOL - ACETO - 
ACETIC ETHER v. Propenyl-o-amido-phenol «- 

CARBOXYLIC ETTIER. 

ANHYDRO - AMIDO - PHENOXY - ACETIC 
ACID d. Glycolltc acid. 

ANHYDRO-AMIDOTOLYL-OXAMIC acid 

V. Dl-OXY-METHYLQTnNOXATiINE. 

ANHYDRO-ATROPINE v. Atroptl-tropein. 
ANHYDRO-BENZ- v. Benzenyl-. 
ANHYDRO-BENZ-DIAMIDO-BENZENE p. 
Benzenyl-puenylene-diamine. 

ANHYDRO BENZ - DIAMIDO - TOLUENE v. 
Benzenyl-tolylene-diamink. 

ANHYDRO-BENZ DI-AMIDO-TOLYIC ACID 
v. Benzf.nyl-pjienylkne-diaminf. carboxylic acid. 

ANHYDRO-BENZOYL- v. Benzenyl-; oi 
named as derivatives of benzamidine. 

ANHY DIM)-2ENZOYL - AMIDO-DI. TOLYL. 
AMINE v. I!rs7.f.nvl-tolxl-toi,vlhne-diaminb. 

ANHYDEO - CHLORO - FORMYL - AMIDO - 
PHENYL MERCAPTAN v. Ciilouo-methknyl- 
amido-phenyi. meiicaptan. 

ANHYDRO-CINNAMOYL- v. Cinnambnyl-, 
ANHYDRO-TRI-ETHYL-SULPHAMIC ACID 
l). Tri- ETnYL-AMIXE. 

ANHYDRO-FORMYL- v. Methenyl- or 
named as derivatives of formamidine. 

ANHYDRO-OLYCOLYL- v. Oxv-ethenyv. 
ANHYDRO-LDPININE v. Lotininb. 
ANHYDRO-NAPHTHOL SULPHONIO ACID 

V. NaVUTHOL'SULPIIOHIO acid. 



w iiNHYDBO^XAijtJj-AailXWPSENYIi MERCAPtAN. 


ANHTDBO • OXALYI- AMIDO • FHEHYL 
BBBCAPTAN O h H,N s S, i.e. 

0A<g>0-0<|>0 1 ,H 4 . [about 300°]. 

Formation.—1. By heating amido-phenyl 
mercaptan with oxalic acid and PCl a .—2. By the 
action of the chloro-methcnyl-amido-phenyl 
mercaptan on methenyl-amido-phcnyl mer¬ 
captan.—3. By heating cliloro - incthenyl- 
amido-phenyl mercaptan witli zinc.—4. By tho 
action of acetyl chloride or benzoyl chlorido at 
150" 3 on methenyl-amido-plienyl mercaptan. 

Preparation. —1. By heating acetanilide (5 
pts.) with sulphur (3 pts.) to boiling for 30 
hours ; yield 25 to 30 p.c. ~ 2. By leading (CN) 2 
gas into an alcoholic solution of amido-phenyl 
mercaptan. 

Properties. —Sublimable. Colourless glisten¬ 
ing plates. Nearly insoluble in all solvents; 
dissolves best in toluene. Bitter taste. 

Reactions.— By fusing witli KOII at 200° it 
is readily split up into amido-phenyl mercaptan 
and oxalic acid. On reduction with III and Pat 
150° it gives aniline and ethenyl-amido-phenyl 
mercaptan (Hofmann, B. 13,122(5). 

ANHYDRO - OXALYL - DI - PHENYLENE - 
TETRA-AMINE C U IJ 10 N 4 e.c. 

C fl H 4 <^j^C.C<^j^>C«jH 4 . [above 300°]. From 

o-di-nitro-oxanilide, Sn, and glacial IIOAc (Hiib- 
ner, A. 200, 370). Yellow needles; insol. water, 
CS 2J and light petroleum, m. sol. glacial IIOAc, 
si. sol. alcohol, ether and benzene. 

Salt s.—B"2IIC12aq.-B"H,S0 4 2aq. 
ANHYDRO-OXALYL-DI-TOLYLENE-TETRA- 
AMINE 

C.H.(CH J )<| n >C-C<| H >C s H 1 (CH s ). 
[103°?]. Formed by healing oxalyl-di-tolylene- 
diamine to above 200° (Ilinsbcrg, B. 16, 2(501). 
Or from di-nitro-di-tolyl-oxamide, Sn, and IIC1 
(Iliibner, A. 209, 373). 

Salts.—B"ILC1 2 .—B"(AcOII) 2 : glistening 
plates.—B"„H 2 S6 4 4aq : needles. 

ANHYDRO-PHENYL-ACETYL- v. Phenyl- 

■THENYL-. 

ANHYDRO - PHTHALYL - AMIDO-PHENYL 
MERCAPTAN C 20 H I2 N 2 S 2 i.e. 

«A<g >C - C„H,~ C< g>C s H ( . [112°]. 

Prisms or needles. Insol. water, sol. alcohol. 
Weak base. Prepared by heating ainido- 
pbenyl mercaptan hydrochloride witli phthalyl 
chloride. * Salts.—B'lICl: decomposed by 
water (B'HCl).PlClj: slender needles (Hof¬ 
mann, B. 13,1233). 

ANBYDRO-PROPIONYL- v. , r aorEjra,-. 
ANHYDKO-PYROQALLO-KETONE v. Hexa- 

OXY-BENZOPnENOXE. 

ANHYDRO-SALICYL- v. Oxy-benzentl-. 
ANHYDRO - SUCCINYL - AMID0 - PHENYL 
BEBCAFTAN C„H,.N s S, i.e. 

C l H 1 <g^>C.CH.„CH i .C<g>C,H J . [137°]. 

Prepared by the action of suceinamide on amido- 
phenyl mercaptan. Colourless needles, Dis¬ 
solves in acids forming unstable salts. Very 
■table towards reducing agents. By fusing 
with KOH amido-phenyl mercaptan is repro¬ 
duced. Salts.—B'lICl: yellow needles, de- 
tomposed by water,—(B'HClJjPtCl,: sparingly 


soluble spangles.-B'HClAuCl,: yellow needles 
(Hofmann, B. 18,1231), 

ANHYDBO-SraPHAMIDO-». Solpbo- 
ANHYDB0 - TOLD YL - DI-AMIDO-BENZENB 

V. TOUJENTL-PHENTMX-E-DIAMINE. 

ANHYDBOTOLPYL-DIAMIDO-TOLUENB V. 

ToMJENYB-TOLYLENK-MAMINK. 

ANHYDRO-VALERYL- v . Pentenvl-. 

ANIL- V. PlIENYL-IMIDO-. 

ANIL - ACET0ACETIC ACID v. p. 10, 

Reaction 18. 

ANIL-EENZYLMALONIC ETHER C m H,,NO, 

1. e. C e H s .N:C(C,H 5 ).CH(C0 2 Et) 3 . [73°]. Formed 
by the action of cro-chloro-bcnzylidcne-anilins 
C t H,.CCI:NPh upon sodio-malonic ether (Just, 
It 18,21)21). Large crystals; v. sol. alcohol and 
ether, insol. water. It contains a hydrogen atom 
readily displaccablo by sodium. Heated with 
dilute IICI at 120° it is split up into acetophe¬ 
none, aniline, ethyl chloride, and CO,. By heat¬ 
ing alone to about loG 0 it eliminates alcohol and 
is converted into (Py. l;3:2)-oxy-phenyl-quino- 
line-oarboxyiic ether 

/Cfon^’CaEt. 

\N-CPh. 

Di-anil-benzyl-malonic ether C. J3 II 90 N 2 O 4 i.e. 
(PhN: CPh) 2 C (CCI.Kt).,. Formed by the action of 
ejo-chloro-boiizylidene-auilino upon the sodium 
compound of mono-anil-bcnzyl-ma Ionic ether (J.). 
Plates. By heating with dilute HCl or ILS0 4 at 
120 5 it is split up into benzoic acid, aniline, 
acetic acid, ethyl chloride, and CCb. 

ANILIDES.— Substances derived from acids 
by displacement of tho hydroxyl by phenyl-ami- 
dogen (NTIPh). They are usually described 
under the acids to which they belong. Tiie term 
anilide may also be applied more generally to 
phenyl-amides and phenyl-imidcs. 

Anilides of acids. 

Formation. - 1. From aniline and acid chlor¬ 
ides : C„H,COCl + NPhH., = IICI + CJI.CO.NPhH. 

2. By boiling amides with the equivalent quantity 
of aniline until no more NH., comes off, and 
purifying by washing with ether (Kelbe, B. 16, 
1199). X.CO.NIL + NTliJL = X.CO.NPhH + NH,. 

3. In some cases, c.g. formic and acetic acids, 
anilides are formed by simply heating aniline 
with the dry acid ( cf. Tobias, B. 15, 2800).— 

4. By action of aniline upon compound ethers.— 

5. By the action of aniline on acid anhydrides. 

• Properties. —Solid crystalline substances, v. 
b 1. sol. water. 

Reactions .—Split up into acid and aniline by 
boiling aqueous or alcoholic KOH, by heating 
with HCl in a sealed tube, or by heating with 
cone. ILS0 4 at 100°. 

Anilides of phosphorous acid. 

Tri-atiilidc P(NHPh) 3 v. Aniline, react. 29. 
Di-anilide P(NHPh) 2 (OH). Prepared by 
heating ft mixture of aniline (3 pts.) and PCI, 
(1 pt.), extracting with ether and ppg. with water 
(Jackson a. Menke, Am. 6, 89). White 
amorphous mass sol. alcohol and ether. 
Anilides of phosphoric aoid. 

Tri-^nilide PO(NHPh),. [208 3 J. From 
aniline and POCl 3 (Schiff, A. 101*302; Miohaelia 
a. Soden, A. 229, 335). Thin needles or Bix-sided 
trimetric plates (from alcohol). Insol. water, 
aqueous aoids, or alkalis. Forms a hexa-bromo 
derivative, [258°]. 



Di-anilide PO(OH)WHPh),. ' [191% 
From Aniline (2 pie.) and FOCI, (1 ptj, the pro- 
duot being treated with water (M. a. S.). Insol. 
water. Saponified by water or aeids, not by 
alkalis. 

Anilide of tblo-phospboric aoid PS(NHPh),. 
[78°]. From PSC1, and aniline (Chevrier, Z. 
1888, 630). Insol. water. 

Anilide of arsenic acid AsO(OH) a (NHPh). 
Formed by heating aniline arsenate (Bdebamp, 
0. B. 66,1172). 

Anilide of boric aoid B .OjNPliH,]?). From 
ethyl borate and aniline. Decomposed by water 
(Sohiff, A. Suppl. 5, 209). 

ANILIDO- V. PiTENYIi-AMIDO-. 

ANILINE C„H,N i.e. C„H S NH 2 . Phenyl- 
amine. Mol. w. 93. [-8°] (Lucius, B. 5, 154). 
(186° cor.). ( Private communication from It. J. 
Friswoll); (183-7°) (Thorpe, G. J. 37, 221). S.G. 
| 1-0379 (T.). 1-0216 (Briihl); {Z 1-0212 

(Friswcll). C.E. (0°-10°) -000866; (0"-100°) 
■000925 (T.). (14°-25°) -000818 (F.). H.F.p. 
— 17450 (Thomsen); 2747 (Ramsay). H.F.v. 
-19100 (Th.). 1-6043 (B.). Bod 49«S (B.). 

S.V. 106-37 (T.); 100-08 (It. Schifi, B. 19, 500); 
109-1 (Ramsay). Vapour pressure: Ramsay a. 
Young (C. J. 47, 647, 655). S. 5 at about 15°; 
the S.G. of the saturated aqueous solution is 

1-0023 ; j 1-001. 100 pts. of a solution of 
water in aniline at 8° contain 4-6 pts. water 
(W. Alexejetf, li. 10, 709). Aniline saturated 
with water has S.G. f5 1-025 (Friswcll). 

Formation. —1. Discovered by Unverdorben 
(P. 8, 397) among the products of distillation of 
indigo, ainf called by him crystalline.— 2. Re¬ 
discovered an coal tar by Range (P. 31, 05, 513 ; 
32, 331) and called by him cyunol.— 3. Obtained 
by distilling indigo (from Indigofcra 'Anil') 
with potash! (Fritzschc, J. pr. 20, 453; 27, 153 ; 
28, 202) anld then first called aniline. —4. Ob¬ 
tained from nitro-benzene by reducing with 
ammonium liulphido by Zinin {J. pr. 27, 149; 
36, 98) nnc called by him oenzidam. Also 
obtained byrvfceducing nitro-benzene with other 
agents; e.r/I ^n and IIC1 (Hofmann, A. 55, 
200), ferrou»‘.j|cctnto (Becliamp, A. Gh. [3] 42, 
186), aqueoi»|)s.,0 3 andNaOH (Wohler, A. 102, 
127), zino ipdat and water (Krcmer, J. pr. 90, 
255).—6. In ,-Jttppd's animal oil (Anderson, A. 
70, 32).— 0. .Bpjry distillation of amido-benzoic 
acids (Hofr.uaim a. Muspratt, A. 53, 221).— 
7. By distilhytlFsisatin with potash (Hofmann, 
A. 63, IX).—fef. Jfrpm di-phenyl-urea or di-phenyl- 
thio-urea byt action of P-O,. zinc chloride, 
or HC1 (HofifMjtf, Pr. 9, 274): CO(NPliII).= 
NPhH,+COtlSfiPjM)- Among products of dis¬ 
tillation of J. Ph. [3] 36, 319).— 

10. By heatiL&Jwsshun benzene sulplionato 
with Bodamidt^l^son a. Wing, B. 19, 902).— 

11. By the actJMfftpfr alkaline solution upon 
benzamide (Hw|pB» B. 18, 2737).—J2. From 
phenol, and NJ®^^ 1 ) Together with diphenyl- 
amine by he MM l)henol with zino-chloride- 
ammonia, ZntSlSI^ 2 ’ at 300° to 350°. The 
addition of Nlft|S|p^inishe8 the quantity of 
diphenylamine i||i||piproves ^ 10 yieldaniline. 
The best yielddy§|£ 6 P-°- aniline and 16 p.c. 
diphenylamine) JfKptained by heating 1 pt. of 
phenol with 4 pt4ffiH(NH 3 ) 2 Cl 2 and 4 pts. NH 4 C1 
under pressure JISlB0 o -340 o for 20 hours.—(6) 
Together with diHRylamine by heating phenol 


with a mixture of NHjOI and %nO; also in thii 
case an excess of NH 4 Cl diminishes the quantity 
of secondary amine formed. The best yields 
(o. 66 p.c. aniline and 20 p.o. diphenylamine) 
are obtained by heating 2 pts. phenol with 
2 pts. ZnO and 3 pts. Nil, Cl at c. 330° for 
20 hours under pressure.—(c) About the same 
results are obtained by substituting Zn(NH s ),,Br a 
NHjBr for the chlorides in (a) and (b ).— 
(d) Together with diphenylamine by heating 
phenol with NH,C1 and MgO. A yield of 
45 p.c. aniline and 20 p.c. diphenylammo was 
obtained by heating 20 pis. phenol with 8-8 pts. 
MgO and 21 pts. NH,C1 for 10 hrs. at 340'- 
350°.—( e ) Small quantities of aniline and diphe¬ 
nylamine (c. 4 p.c. aniline and 15 p.c. diphenyl- 
amine) are formed by heating phenol (1 pt.) with 
Nil,Cl (2 pts.) alone, at 370°-400' (Merz a. 
Miiller, B. 19, 2901).—13. Diphenylamine heated 
with cone. HC1 at 320° yields small quantities of 
aniline and phono 1 . 

Preparation. — By reducing nitro-benzene 
with iron filings in presence of a small quantity 
of hydrochloric or acetic acid: 

4P1iN0 2 + 411,0 + 9Fc = 4PhNII, + 3Fe 3 0 4 . 
Nitrobenzene (100 pts.), water (40 pts.), iron 
borings (25 pts.), and IIClAq (9 pts.) are mixed 
in a cast iron vessel and the reaction started by 
admission of steam; more iron borings (90 pts.) 
are then slowly added. When the reduction is 
complete, limo is added, and the aniline (07 pts.) 
distilled over with steam. Pure aniline is best 
prepared from pure benzene. Aniline may be 
purified by conversion into its acetyl derivative, 
rccrystallising this from water, and saponifying 
it with alkalis or acids. Aniline phosphate is * 
less readily soluble in water than o-toluidine 
phosphate (Lowy, C. J. 46, 46). 

Properties. —Colourless oil; si. sol. water, 
miscible with most other menstrua. Turns red 
in air. Soluble in aqueous solutions of aniline 
hydrochloride. Its aqueous solution does not 
change the colour of red litmus or yellow tur¬ 
meric but it changes the violet colour of dahlia 
to green. Congo red may also be used as an 
indicator (Julius, 8. C. I. 9, 109). Aniline pps. 
ferrous, ferric, aluminium, and zinc, hydrates 
from their salts; it forms double salts with 
PtCl.„ AuC 1 3 , HgCl 2 , SbCl 3 , and SnCl r It gives a 
brownish pp. with tannin. It coagulates al¬ 
bumen. Potash, soda, and lime expel aniline 
from its salts. NH 3 is expelled when aqueous 
ammonium salts are boiled with aniline, but 
aniline is liberated when NH a is adcP 1 to cold 
aqueous solutions of its salts. 

Detection.—1. Very dilute aqueous solutions 
give a violet colour with bleaching powder; the 
colour is destroy*. 1 by shaking with ether (Bunge). 
2. Extremely dilute aqueous solutions treated 
successively with bleaching powder and a drop 
of ammonium sulphide give a rose colour (Jac- 
quemin, Bl. [2] 20,08).—3. A solution of aniline 
in cone. H..SO, mixed with a little solid K 2 Cr 2 0 7 
gives after some time a splendid blue colour; 
the reaction is hastened by gently warming 
(Beissenhirz, A. 87, 376).—4. If a drop of 
CuSO,Aq is added to an aqueous solution ol 
aniline an apple-green crystalline pp. is formed 
even if the solution is very dilute; in extremely 
dilute solutions a green coloration is produced 
(Friswcll). 





Reactions. —1. Aniline vapour passed through 
a red-hot tube forms C, NH*, HON, benzene, 
benzonitrile (Hofmann, Pr. 12, 383), carbazol 
(Graebe, A. 167,125), iso-benzidine (i?. di-AMn>o- 
mphenyl), and quinoline (Bemthsen, B. 19,420). 

2. Electric sparks passed through liquid 
aniline form carbon, and a gas containing 
hydrogen (65 p.c.), acetylene (21 p.c.), prussic 
acid (9 p.c.), and nitrogen (5 p.c.) (Dostrem, C. R. 
99, 138). 

3. Dilute H..SO., and MnO., form NII 3 
(Matthiessen, Pr. 9, 637), and a little quinonc 
(Hofmann, Pr. 13, 4). 

4. Chromic acid, Cr0 3 , sets fire to aniline. 

5. Chromic acid mixture produces quinone. 

6 . Potassium chlorate and hydrochloric 
acid give tetrachloroquinone (chloranil) and 
trichlorophenol (Hofmann, .4. 47, 67; 53, 28). 

7. Potassium permanganate gives some azo¬ 
benzene (Glaser, A. 142, 304), NIL,, and oxalic 
acid (Hoogewc.rff a. Dorp, B. 10,1936; 11,1202). 

8 . Hydrogen peroxide also produces azo¬ 
benzene (Leeds, B. 14, 1384); which is also 
formed by passing aniline vapour over heated 
PbO (Behr a. Dorp, D. 0,755). 

9. Potassium permanganate in acid solution 
forms aniline black. 

10. Strong nitric acid violently attacks 
aniline; picric acid is among the products. 
Aniline nitrate dissolved in a large quantity of 
H 2 S0 4 produces w-nitro-aniline and a small 
quantity of ^-nitro-aniline (Levinstein, B. 18, 
Ref. 203). 

11. A mixture of aniline, o-toluidin*, andp- 
toluidine , is converted by oxidising agents such 
as nitric acid, mercuric chloride , lead nitrate, 
silver filtrate, arsenic acid, and stannic chloride ! 
into aniline red ( v. Rosaniline). 

12. Nitrous acid converts cold aqueous salts j 
of aniline into salts of diazo-benzene (v. I)i-Azo- ; 
compounds) ; on boiling the solution nitrogen is ' 
evolved and phenol formed. Nitrous acid passed ; 
into a cold alcoholic solution of aniline produces | 
iiazo-benzene anilide. 

13. When aniline is boiled with sulphur H..S , 
is evolved anddi-amido-di-phenyl sulphide (thio- ■ 
aniline) is formed together with other products j 
of substitution' of hydrogen by sulphur (Merz a. 
Weith, B. 3, 978). 

14. Potassium produces NH 3 and azobenzene 
(Girard a. Caventou, Bl. [2] 28,530). 

15. Chlorine acts upon dry aniline with great 
violence, producing a black mass containing tri- 
chloro-an*|ir:e. 

16. Bromine behaves like chlorine. Bromine - j 
water added to solutions of salts of aniline gives 
a pp. of tri-bromo-aniline C b HJj£,NH 2 [2:4:6:1], 

•Bromine has no action on a so.ution of aniline 
in cone. H.B0 4 (Morley, C. J. 51, 582). 

17. Iodine dissolves in aniline forming 
hydriodide of p-iodo-aniline. 

18. Hot cone, sulphuric acid forms p-amido- 
benzene sulphonic acid; hot fuming II..SO, forms 
amido-benzeno disulphonio acid (Buckton a. 
Hofmann, C. J. 9, 260). 

19. Sulphide of carbon forms di-phenyl thio¬ 
urea 

20. Sulphide of carbon and ammonia pro¬ 
duce crystals of C u H l 8 N 4 S s or (PhNH s .NH.CS) 2 8 , 
decomposed by boiling water intoCS 2 , NH„ and 


di-phenyl-thio-urea (HUsiweta a. Kaohler. A, 
166,142). 

21 . uarbon tetrabromide forma diphenyl-p- 
amido-benzamidine hydrobromide 
PhNH.C(NPh).C (i H 4 .NH 2 HBr (Bolas a. Groves, 

A. 160,174). CC1. acts similarly (Hofmann, Pr, 

9, 284). 

22. Cyanogen forms a ‘ cyan-aniline r 
(G fl H i NH 2 ),,C,,N 2 , [210°-220°] (Hofmann, A. 66, 
129; 73,180; B. 3, 763). Insol. water, si. sol. 
alcohol. Boiling acids decompose it into phenyl- 
oxamide, di-phenyl-oxamide, oxamido, aniline, 
and NH S . Nitrous aoid produces a base 
C 14 H 15 NA (Senf, J.pr. [2] 31, 543). Salts o£ 
Cyananiline; B"2HC1. - B"fl 2 PtCl 6 . — 
B''2HAuCl 4 .—B"2HBr.~ B '2HNO s . 

23. Chloride of sulphur diluted with CS t 
forms tri-phenyl-guanidine (di-phenyl thio¬ 
urea being first formed, Claus a. Krall, B. 3, 
527; 4, 99). 

24. Heated with pcrsulphocyanic ]x ~- 

gives phenyl-thio-biuret. , 

25. Carbonyl chloride, C0C1 2 , gives ^.phenyl- 

urea. I 1 

26. Caseous cyanogen cAforit?cformsijj.ph e nyl- 

guanidine (melaniline); in presence* wa ter 
phenyl-urea is formed (Hofmann, A'' 130 ). 

CyCl passed into an ethereal solutjf on ’{ 0 nna 
phenyl cyanamide (cyananilidc, Qvnhours a 
Cloez, C. R. 38, 354). Solid chloride U l a nogen 
forms ‘clilorocyananilide ’ C..H,..ClNp /T.imrent. 
A. 60, 273). o 5 K 

27. Cyanic acid forms phenyl-urocL 

28. When treated in ethereal so' u ' t j on w ;th 
perchloromethylmercaptan CC1 3 .SC1 l *d ^ yields the 
compound CC1 3 .S.NHC 6 II 5 . If tlie e- • ^/ rea i solu¬ 
tion of the latter body is mixed wi t ll fh 'i 00 \iolic 
KOH or NH, it splits otf HC1 and :,g“ cvys talUne 
compound separates which has t> . probable 
constitution CCLS-NCgli;,, (Ratlike, Lj 395 ). 

29. Phosphorus trichloride actsLj Y i<r or ously, 
producing ‘ pliosphanilinc hvtfWrochloride ’ 
1-CL3C H N (Tait, Jf. [2] i„ WO). iff £ ^ 
the anilide of phospliorous acid P(N J,. >t ti \ 3 HC 1 . 
PtCl 2 PCl 3 forms (PhNH) 3 PPtC : ^, t ] sj II ;p] [1 HCi 
whence water produces (PhN HI N*pptCt{OH) 
(Quesneville, Monit. scient. f3j‘ B 3 ^ ( 559 ). 


PCl 3 2PtCl., alcohol, and anilir 


cat.e produce 


r(OEt),rtCL(C„H,N).. and A H N) , 

(Cochin, C. H. 80, M02). eon; 

30. Photons oxychloride Pvf (1 * 0 ,inces very 

unstable anilide of phosphoric acm; . I'fWNPhH), 
(Schiff, A. 101, 302; Michaelis a. S l . e 8 ^ 2 29, 

31. Aniline, isobuty/ic acid, arl < ),r] ■, 7 ri mve 
iso-butyric anilide (Bardwell, Am. t ^ > \IS ).* 

32. Aniline-zinc-chloride and ■» l 0 amil cdw- 

hol give amido-phcnyl-isopentanc..^ “ J 

33. Chloroform at 1!)0 Q for. d i-phenyl- 

formamidine, CjT(NPh)(NPhH). F 

31. Choridrs, bromides, and (3 y cs 0 { a l 0 o- 
holio or acid radiclca act upon in d a s they 

do npon other primary amines.: (jj , v amines). 
Alkyls may also be introduced by. 0 i an! wt'ing aniline 
hydrochloride or, better, hydrobr , ld > • , 0 wit h aloo- 

hols (Staidel a. Reinhardt, j3. 1 : S , ' t? 11 ™, Methyl- 
aniline hydrochloride is corf, heat 

into toluidine hydrochloride (i| - J 5 . 5 , 

720); similarly aniline hydroep. , ;j„ 'heated 
with MeOH at 290” formal h c^MeNMe, 
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0,H,Me,NMe, t C,HjMa,NMa„ C^Me-NMe,, and 
C.Me, (Hofmann a. Martins, B. 4, 742), 

85. Aldehydes act upon aniline with elimina¬ 
tion of water: e.g. 

OH..OHO + 2HjNPh =»S,0 + CH,,CH(NHPb) a 

OHj.CHO + HjNPh - H.,0 + CH s .CH:NPh 
(Sohiff, A. Suppl. 3, 344). The last formula 
ought perhaps to be written (CH 3 .CH) 2 (NPh), 
(». Methylene-aniline ; Etuylidene-aniline ; 
CHLOBO-KxnYr,n>ENE-ANiLiNE, &o.). Aniline acts 
similarly upon glucose, levulose, anil galactose, 
forming C, : IL(01I),,(NPh) (Schiff, A. 154, 30; 
Sorokin, B. 19, 513). 

36. Aniline sulphite gives with an ethereal so¬ 
lution of aldehyde prisms of I’hNH .C.lf ,()S(). or 
PhNH.SO.,.CHMe.OH (Schiff, A. 140, 127; 210, 
129). 

37. Chloral anil aqueous SO,, produce un¬ 
stable crystals of PhNH„SOrCH(OH).CCl, 
(Sohiff, A. 210,129). 

38. Acetone and aqueous SO- form an un¬ 
stable compound, PhNIP C,H„0 S0 2 which is 
perhaps,Me 2 C(0II).S0 2 .NHPh (S.). 

39. Acetone (1 mol.) and P 2 0 5 two days at 
180° form Mc,C:Nl>h, (200°~220°) (Engler a. 
Heine, B. 0, G12 ; cf. Pauly, A. 187, 222). 

40. Aniline hydrochloride heated with 
acetone or mesityl oxide at 190° forms some 
(l’y. 1, 3)-di-methyl-quinolino (Engler a. Riehm, 
B. 18, 2245, 3290). 

41. A mixture of aldehyde and acetone at 
100° give (Py. 1,3)-di-metliyl-quinolino (Beyer, 
J. pr. [2] S3, 393). 

42. Paraldehyde and cone. HC1 at 100° form 
{Py. 3)-methyl-quinoline (quinaldine,Doebncr a. 
yon Miller, B. 1(>, 2404). 

43. Aniline (1 pt.) distilled with glycerin 
(1 pt.) and H 2 SO, (2 pt 3 .) forms quinoline 
(Konigs, B. 13, 911).* Quinoline is also formed 
by distilling acrolein-aniline, or by heating 
aniline with glycerin, nitrobenzene, and II.KO, 
(Skraup, M. 2,141). Aniline-cinc-chlorideAiontod 
with glycerin forms skatolc (Fischer a. German, 
B. 16,710). 

44. Areto-acctic ether at 120°-150° gives 

acoto-acelic anilide CH,.CO.CH.„CO.Nl’hH (cf. 
Aoeto-acktic acid, reaction 18), [85°]. 81. sol. 

water and NII.,Aq, v. sol. NaOIlAq and acids. 
Distilled with aniline it gives s-di-phenyl urea. 
Boiling potash produces aniline, acetone, and 
acotio acid. l''e 2 Cl a colours its aqueous solution 
violet, Br produces CH 2 .CO.CHBr.CONPliII, 
[138°]. Cone. HjSO, forms (Py. 3, l)-oxy- 
mcthyl - quinoline. Nitrous acid forma 
CH,.CO.C(NOH).CO.NPhH, [100°] (Knorr, A. 
230, 75). 

45. Acetophenone cyanhydrin gives riso to 
O f H s .CMe(NHPh)CN (Jacoby, B. 19,1515). 

46. An alcoholic solution of guinone pro¬ 
duces C a H.j(NHPh)-0,. and hydroquinone. Tho 
former dissolves in cone. H.SO, forming a crim¬ 
son solution. 

47. Tctrachlnrn-quinone (chloranil) produces, 

similarly, C,Cl„(NrU J li) 2 0 2 (Hofmann, Br. 13, 4 ; 
Hesse, A. 114, 292; Knapp a. Sohultz, A. 210, 
164). , 

48. Aniline mixed with an anilide and PCI, 
produces a phenyl-amidine; e.g. 

3PhNHj + 3CHj.CO.NHPh + 2PC1, = 
3CH,.C(NPh).NHPh + P,0, + CIIOl (Hofmann, Z. 
1866,161). 

Vot. I. 
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49. Aniline hydrochloride end acetonitrile at 
170° produce phenyl-aoetamidine: 

CH,CN + HjNPh - CH,C(NPh).NH,. 

50. With bemo-trichloride, PhCCl, (1 mol.), 
aniline (2 mols.) on warming acts violently 
forming the hydrochloride of di-phenyl-benz- 
amidine, C„H s C(NPh)(NPhH)2HCl: aniline in 
glacial acetic acid, ZnC) 2 and PhCCl 3 give, 
chiefly, the same body. 

51. But aniline hydrochloride (40 pts.), nitro- 
benzene (45 pts.), bcnzo-trichloridc (40 pts.), and 
iron filings at 180° form the chloride of di- 
amido-tri-phcnyl-carbinol tq. v.). 

52. Aniline (2 mol.) boiled with chloro-acetic 
acul (1 mol.) and water produces plienyl-amiilo- 
acetio acid and phonyl-imido-di-ncetic acid; the 
aniline salt of the latter, PhN(CII 2 .C0 2 NH : ,l’h) 21 
crystallises in needles, (99°) (P. Meyer, B. 14, 
1325). 

63. An alcoholic solution of aniline, chloro- 
acetic acid, and ammonium sulphocyanide at 
100 ° deposits crystals of phenyl-thio-hvdantoio 
acid NH 2 ,C(NPh).S.CH 2 .C0 2 H, [148 -152°]. This 
acid is decomposed by boiling with dilute (20 p. c.) 
H..SO, into phenyl-urea and thio-glycollic acid 
(Jaeger, J. pr. [2] 16,17; Clacsson, B. 14, 732; 
Liebermann, A. 207,129). 

54. Acetamidoxim hydrochloride is converted 
by heating with aniline into acctanilidoxim, 
CH,.C(NOH).NHPh, [121°] (Nordmann, B. 17, 
2753). 

55. Zinccf/udcforms sine anilide Zn(XffPh)-, 
which is decomposed by water into Zn(01I) 2 an"d 
aniline (Frankland, Br. 8 , 504). 

Salts.- (Beamer a. Clarke, Am. 1, 151; B. 
12, 1060; Hjortdalil, Z. K. 6 . 471).— B'HCl. 
[192°] (Pinner, B. 14,1083). Needles or plates, 
v. sol. water and alcohol; nmy bo sublimed.— 
B' 2 Tr.rtCI a ; yellow needles. — B J I SnCl,: 
monoclinic.— B'..H.CuCI,.— P.'IIBr; trimetric, 
c:b:c — *723:1: -818. — B'HCilBr.,: trimetric. — 
B'lII.—B'HBil, (Kraut, A. 210, 32;;).-B'HF: 
pearly scales, sol. water and boiling alcohol.— 
Il'IICIO,: long white prisms, sol. alcohol and 
ether, m. sol. water; explodes at 75°.—B'HCIO,. 
—BTIIOj. S.G. —1*48. Explodes at 125°-130°. 
—B'IICNlTg(CN) s . [ 88 °]. White needles or 
tables (Claus a. Merck, B. 1(1, 2737). — 
B',n,FcCy„; small micaceous crystals, v. sol. 
water, insol. alcohol and ether (Eiscnberg, A. 
205, 207). — B'..TI,FeCy,. — B',H,OoCy, — 
BhlhPlCv,; triclinic (Soholtz, M. 1, 904). — 
It'JIjPO,: laminas, v. sol. water, ether, and hot. 
alcohol (Nicholson, A. 59, 213 ; I,c—y, B. 19, 
1717). — B'jHjPO,. — BTIPOj. - Il'ji,P 2 0.. — 
li'IBSO,: m. sol. water, si. sol. alcohol, insol. 
ether. Does rot form an alum with aluminium 
sulphate (We. C.N. 38,1).—B'H.SO,: large- 
plates; converted by water into the neutral 
snlphato (Wellington a. Tollens, B. 18, 3313), 
— B',H 2 S 2 0„ (Maleaewsky, J. if. 11, 304). — 
B'JH.SOJjHI, (Jorgensen, J. pr. [2] 14, 384).— 
B ilNOj. — Ghloro-acctate. [ 88 °]. — Di- 
chloro-acetatc. [122°]. — Tri-chloro* 
acetate. [145 °]. -Oxalate B' 2 H.C..O,: tri. 
clinic columns, v. sol. water, si. sol." alcohol, 
insol. ether. — Phenate, B'HOPh. [30°1. 
(181°) (D.). (195°) (D. a. S.). Crystals resembling 
naphthalene (from alcohol or light petroleum) 
(Dyson, O. J. 43, 466). Formed by boiling 
equivalent quantities of phenol and aniline 

T 



together Dale a. 8ohorieauner,O..T. 48,166)* 
—Phthalate, [146°): needles.—(|3)-Wap»- 
tholate, [82-4®]: orystalline powder (from light 
petroleum) (Dyson, C. J. 43, 469). Other salts 
of aniline are described under the various acids. 

Combinations.—(Schiff, C. if. 66, 268,1095 ; 
Vohl, Ar. Ph. (2] 118, 201; Leeds, J. 1882,500). 
—B',(SiP,);: minute needles, insol. benzene or 
petroleum-spirit j may be sublimed; converted 
by water or alcohol into anilino silico- 
fluorido (Jackson a. Comey, B. 18, 3195). — 
B',Ag..SO. 2aq: hoir-like crystals (Mixter, Am. 
1, 239). - B' 2 ZnS0 4 . — B' 2 ZnCl... — B',ZnBr,.— 
B' 2 ZnI 2 .—C,H,NH.HgCl: amorphous pp. got by 
mixing hot alooholic solutions of aniline and 
HgCl 2 (Forster, A. 175, 30).—B' 2 HgCl,: needles, 
got by mixing cold alcoholic solutions of aniline 
and HgCl 2 .-B' 2 HgBr., [112°] (Klein, B. 13, 835). 

— B'.Hgl,. [60°]. Decomposed by alcohol.— 
B' 2 Hg(NO*,) 2 : pp., converted by hot water into 
C.HjNll.HgNO, iaq and (PhN) 2 Hg 3 (NO ;l ), 2aq. 
—B' 2 CaCl 2 .—B' 2 CdCl 2 .—B' 2 CdBr 2 .—B'.,CdI 2 .— 
B' 2 Cd(N0 2 ) 2 .-B' s TiCl t .-B' 2 SnI 2 .-B' a SibCl s .— 
B'jUrOjCL.—B'jMnCl.,.—B'.MnBr..—B'..Mul...— 
B' 2 FeCl.,.—B'jSnCl,.—B'^AsClj. [c.90°]. (e.208°). 

— B'jSbClj. [80°]. — B'jBiCl,. — B'liiOCl. — 
B'.CoCl.; 2EtOH: red leaflets, prepared by adding 
aniline (2 mols.) to an alcoholic solution of 
CoCL (1 mol.); at 100° it becomes blue B'.CoCL 
(Xjippmann a. Vortmann, B. 12, 79). — 
B'jNiCl. 2EtOH : small green needles, similarly 
prepared; at 100° it becomes yellowish green 
B'.NiCL (L. a. V.).—B'.,CuC1 2 (Destrem, Bl. 30, 
482).—B'jCuSO,.—B' 2 PtCl 2 (Gordon, B. 3, 176; 
Cochin, Bl. 31, 499). — B'PtCLC 2 H,HCl. — 
B'PtCl .CjH, (Griess a. Martius, A. 120, 326). 

Ace,tyl derivative C„H,NO i.e. 
O t H B Nn.6..HjO. Acetanilide. Mol. w. 135. 
[114°]. (295°). S. -34 at 14°; 6'09 at 102-6° 
(Friswell, private com.). V.D. 4*8 (calc. 4-7). 

Formation. — 1. From anilino and AcCl 
(Gerhardt, A. 87, 164).—2. By boiling aniline 
with glacial acetic acid (Greville Williams, G. J. 
17,106; v. also Chemical Chance).— 3. By heating 
aniline with ncotamido (Kclbe, B. 16,1199).—4. 
From acetophenonc-oxim and II 2 S0 4 at 100° 
(Beckmann, B. 20,1507). 

Properties. — Lamina) (from water); v. sol. 
alcohol, ether, and benzene. A saturated 
aqueous solution boils at 102-5° (Friswcli). 

Reactions. — 1. Passed through a red-hot 
tube it forms di-phenyl-urca, aniline, benzene, 
and CNB»(Nietzki, B. 10,470).-2. ZnCU at 260° 
gives flavanilino C,„H„N 2 . — 3. PCI,, forms 
CH,.CCl 2 NHPh which readily splits up into 11 Cl 
and CHj.CCLNPh. Tho latter converted by 
water into HC1 and acetanilijffi, and by anilino 
into di-phcnyl-acetamidine, CH„.C(NHPh):NP]i. 
CHj.CChNPh changes a little above its melt¬ 
ing point [50°] into the hydrochloride of 
CIIj.C(NPh).CH.„CCl:NPh, [117°] which at 160° 
changes to the hydrochloride of amorphous 
C )t H„N„ (Wallach, A. 184,86; cf. Michael, j. pr. 
[2] 36,207).-4. P 2 S ; ,forms thio-aectanilido (Hof¬ 
mann a. Simpson, B. 11, 339; Jacobsen, B. 19, 
1071; v. Tiiioacetic acid).— 5. Heating with sul¬ 
phur produces oxalyl-amido-phenyl mercaptan, 

C B H 4 < ^g^C.C^g^>C»H 1 , and somo ethenyl- 
amido ■ phonyl mercaptan (Hofmann, B. 13, 


1226). — 6. JDct NaOBt at 170'givw ethyl* 
aniline AcNHPh + NaOEt - EtNHPh 4 NaOAo. 
7. Nitrous acid passed into a solution of acet¬ 
anilide in glaoial HOAo forms an unstable 
nitrosamine, PhNAo.NO, [41°] (O. Fischer, B. 

9, 463). — 8 . Nitric acid converts aoetanilide 
dissolved in 4 pts. of H 2 S0 4 chiefly into p-nitro- 
acetanilide, some o- being formed. It the 
acetanilide is dissolved in 20 pts. H 2 SO, a small 
quantity of the m-compound appears (Nolting a. 
Coilin, B. 17, 261). 

Sodium acetanilide C s H s NAcNa(Bunge, 
Z. [ 2 J 6 , 119). Formed by distilling off the 
alcohol from an alcoholic solution of equivalent 
quantities of acetanilide-and sodium ethylate 
(Seifert, B. 18, 1358). Crystalline powder. 
Absorbs C0 2 in tho cold, becoming sodium 
acetyl-phenyl-carbamate, C„H,,NAc.CO...Na. 

Mercury aoetanilide (tyijNAcJjHg. 
[215°). Formed by molting acetanilide with 
IlgO (Oppenhcim a. l’faff, B. 7, 624). 

Hydrochloride (C e II s .NHAc) 2 IICl crystal¬ 
lises in needles, decomposed by water. Bjy 
heating for half-an-hour at 250° it splits oft 
acetic acid and yields tho hydrochloride of d$- 
phonyl-aect-amidine CH a .C(NPh).NHI’h. By tf 
hours’ heating at 280° it gives flavaniline. At 
a still higher temperature quinoline bases arc 
j formed in small quantity (Nolting a. Weingiirt- 
l ner, B. 18, 1340). 

e-Cliloro-acetanilide C„H s .NClAo. Ace• 
tyl-phenyl-cliloro-amide. [172°]. Prepared by 
adding a cono. solution of bleaching powder to a 
cone, aqueous solution of acetanilide containing 
excess of acetic acid, as long as a pp. is formed. 
Colourless needles. Scarcely soluble in water. 
Crystallises well from very dilute uoetic acid. 
Heated to 172° it suddenly changes, with explo¬ 
sive violence, to the isomericp-chloro-acetanilido. 
This change is also produced by cold cono. HC1 
with a violent reaction. It dissolves in warm 
absolute alcohol at first unaltered, but after a 
few moments a violent reaction sefc in and the 
above change takes place. Alkalis and amine 
bases replace the Cl by H. It converts aceto- 
aeetic other into cliloro-aceto-aectic ether. Not 
attacked by boiling water (Bender, B. 19, 2272). 

Biacetyl derivative C l 0 H„NO 2 i.e. 
C,H.NAc... fill 0 ]. Diacetanilide. From phenyl 
tliiooaibimide and HOAo at 140° (Hofmann, B. 

3,770); PliNCS + 2IiOAc = PhNAc, + C0 2 + H 2 S. 
Plates. On distillation it gives acetanilide (Gum-, 
pert, J. pr. [ 2 ] 32, 293). 

Bemoyl derivative C„H,NIlBz. [159°]. 

Formation.—1. From anilino and BzCl 
(Gerhardt, A. Ch. [3] 37,327).— 2. By the action 
of phenyl oyanato upon benzene in presence of 
A1C1,; the reaction probably being : 

(a) PhN.CO + IICl ~ PliNH.COCl. 

(b) PhNH.COCl + C,II„ = PhNH.COC,H s + HOI 
Lcuokart, B. 18, 873). 8 . From benzophenone 
oxim and H 2 SO, at 100° (Beckmann, B. 20,1507) 

Properties. —Volatile plates; insol. water. 

Reactions. —1. FC1 S forms 1’bNH.CCuPh 
and then PhN;CClPh, [40°] (Wallach, A. 184, 
79).—2. Boiling withsidpkm'producesbenzenyl- ■< 
amido-phenyl mercaptan. 

Oxim 0„H ] 2 N,0«. 

Bem-anilidoxim. [136°] 


C,H V C(NOH)NHO,H, 
Obtained by heating 





tfliobenzanilide with hydroxylanrine hydro- 
chloride and Na,CO, in alooholio solution for 
about an hour (Miiller, B. 19, 1669), Slender 
needles. Sol. hot water, alcohol, ether, ohloro- 
form, and benzene, si. sol. ligroin. Dissolves 
both in acids and alkalis. Salts. — B'HCl: 
sol. alcohol.—B'jH.CU'tCl/. Ethyl ether 

C, H,.C(NHPh) :NOEt. ‘[56°]; white pp. Bm- 
Eoyl derivative CJIj.CfNHPhJNOBz. [116°J; 
white glistening needles; sol. alcohol, ether, 
and benzene, insol. water and ligroin. 

Di-benzoyl derivative NPhBz r [130°]. 
From benzanilido and BzCl (Gerhardt a. 
Chiozza, C. It. 37, 90). 

Preparation. —Bonzanilide (18 g.) is heated 
with BzCl (14 g.) for 3 hours. 

Properties. —Needles (from alcohol). With 
dilute HC1 at 120° it gives aniline and benzoic 
acid (Higgin, C. J. 41, 132). 

Di-benzoyl derivative C a H s NBZj. 
[160°] (isomeric with preceding?). From ben¬ 
zoic acid (13 g. and phenyl tliiocarbimido (0 g.) 
at 220° for 6 hours (Losanitch, B. 6 , 170; 
Higgin, C. J. 41, 133): PhN:CS + 2HOBz = 
PhNBz, + COj + 1I,S. 

Properties.—Vintea (from alcohol). With 
dilute HC1 at 120° it gives aniline and benzoio 
acid. 

ANILINE BLACK C, 0 H 2 i N s . Nigraniline. 
Formed by mixing aniline, a chlorate (of K, Na, 
orBa) and a metallic salt (of Cu,Fe,V, Mn, or Ce) 
(Lightfoot, C. N. 11, 65; Lautb, Bl. [2] 2, 410 ; 
Higgin, Bl. [2] 7, 93; Guyard, Bl. [2] 25, 58 ; 
ltosonstiehl, Bl. [2] 25, 350; C. R. 81,12.07; 
Kruis, D. P. J. 222, 347; Goppelsroder, C. If. 
82, 331,1392 ; Coquillion, G. It. 81, 408; Glcnk, 

D. P. J. 248, 234).• The quantity of inetallio 
salt may be small; ammonium vanadate added 
to a solution of aniline hydrochloride (6 pts.) and 
NaCIO, or KCIO, (4 pts.) in water (100 pts.) con¬ 
verts 100,000 timesits weight of aniline into black. 
An aniline black is formed at the positive polo 
when a solution of an aniline salt is electrolysed. 
Aniline black is purified by washing with water, 
alcohol, ether, and benzene. It is the hydro- 
ohloride of a base, C,„H, S N„2HC1; and can be 
reduced by tin and HC1, or by III and P, to 
p-phenylcno-diamine and p-diamido-diphenvl- 
amine NIl i .C„H,.NH.C„H ) .NH 2 (Nietzki, B. 
11, 1093). Electrolytic aniline black appears i,o 
be C„,I1 J „N,2HC1 (Goppelsroder). 

ANILINE CABBOXYLIC ACID v. Phenyl- 

CABBAMIO ACID. 

ANILINE DYES v. Rosaniline, Maoveine, 
Ohbysakiline (So. 

ANILOTIC ACID is Nitro-salioylio acid t>. 

Nitbo-oxy-henzoio acid. 

ANILOXALBENZAMIC ACID v . Phenyl- 

OXAMIDO-BENZOIC AOID. 

ANIL - PYRUVIC ACID C.H.NO., i.e. 
CH,.C(NPh).CO.,H. [122°]. Formed by the 
action of aniline on pyruvic acid (Bottingor, B. 
16,1924; A. 188,330). Crystals, v. sol. water. In 
contact with water it condenses to aijiluvitomo 
or ( Py . 3,1)-methyl-quinoline carboxylic acid 
(?•»•)• On bromination it yields tribromanil- 
dibromopyruvio acid. Salt.—BaA' 2 : v. o. sol. 
water. 

ANIL-UVITONIC ACID v ■ (By. 3)-Methyl 
quinoline {Py. l)-oarboxylio acid. • 


m 

AN1SAMIDE. Amide of methyl.jwux. 

BENZOIO AOID. 

ANI8ANILIDE. Anilide of methyl-p-oir- 

BENZOIO ACID. 

ANIS-BENZ-ANIS-HYDEOXYLAMINE «. 

Hydboxylamine. 

ANIS - SENZ - HYDEOXAMIC ACID «. 

Hydboxylamine. 

DI - ANIS . BENZ - HYDROXYLAMINE V. 

Hydboxylamine. 

ANISE, OIL OP. The essential oil obtained 
by distilling the seeds of Pimpinclla anisum or 
Illicinm anisatum with water. It contains 
ancthol (q. v.). If tho oil is heated with dilute 
UNO, (S.G. 1-2) and the resulting heavy oil 
shaken with warm NaHSO :i Aq, so-called 
anisoio or thianisoio acid [below 

100°) is formed (Tjimpricht a. Bitter, A. 97,364; 
Staedeler a. Wiichter, A. 116, 169). It is a very 
soluble crystalline mass. NH,A'aq.— NaA'aq. — 
MgA'.. 5aq.— CaA'., 2aq.—BaA' s 3aq.—AgA'. 

ANISE CAMPHOR. A name forancthol (q. t>.). 
ANISHYDRAMIDE C, 1 H,,,N,0 3 i.e. 
(MeO.C i; H 4 .CH) 3 N 2 . Tri-mdky l-lri-oxy-hydro- 

benzamide. [c. 120°]. Formed by action of cono. 
NH 3 Aq upon jp-methoxy-benzoic (anisic) alde¬ 
hyde. Prisms, insol. water, sol. boiling alcohol, 
ether, or cone. IIClAq (Cahours, A. Ch. [3] 14, 
487 ; Bcrtagnini, A. 88, 128). Changes at 170° 
into Anisin, a basic isomcrido which forms 
salts: B'HClaq.—B' 2 H„PtCl 8 . 

ANIS-HYDROXAMiC ACID v. Hydroxyl- 
amine. 

ANISIC ACID v. p-Mcthyl-Ox.Y-w$zoio aoid. 
ANISIC ALDEHYDE v. P‘Methyl-Ox.Y-BEVzoiQ 

ALDEHYDE. 

ANISIC ALCOHOL v. p-Mcthyl-QzY-TiEXZYh 

ALCOHOL. 

ANISIDINE v. Methyl derivative of Amido- 
phenol. 

AN1SIL C 16 H h 0 4 i.e. 

CJI,(OMe)—CO—CO — C 6 H,(OMc). [133°]. Pre- 
pared by oxidation of anisoin with Fehling’a 
solution (Busier, B. 14, 327). Yellow needles. 
Distils undecomposed. Sol. hot, si. sol. cold, 
alcohol, insol. water. On boiling with alooholio 
KOH it gives anisilic acid. 

ANISILIC ACID C Ifi H la O s i.e. 
(Me().C fl H ! ) 2 C(0H).C0 2 H. [164°]. Prepared by 
boiling anisil with alcoholic KOH (Bbsler, B. 14, 
328). Slender white needles. Sol. alcohol, si. sol. 
water. Dissolves in strong H.,S0 4 with a violet 
colour. On oxidation with CrO s i- gives di- 
methoxy-benzophenone. 

ANISIN v. Anisiiydramide. 

ANISOlN 0 , h H,„O 4 i.e. 
MoO.C,H.,CH(GlI).CO.C 0 H ( .OMe. Di-methyl-bri- 
oxy-phenyl-benzyl-kctone. [113°]. Propared by 
boiling p-mothoxy-benzoio (anisic.) aldehyde with 
alcoholic KOH (yield 60 p.o. ; Busier, B. 14,826), 
or IvCy (Bossel, 45. [2] 5, 562). Needles; v. si. 
sol. water, si. sol. cold alcohol and other. Strong 
ll 2 SO, dissolves it with red colour, rapidly 
changing to pale green, and on heating, to yellow 
and then purple. See also Hyduo-anisoih. 
ANISOlC AOID v. Anethol. 

ANISOL V. Methyl-Hwssoii. 

ANISOL - ISATIN v. Di-methyl-di-Oxi-ai- 

PI1ENYL-OXINDOLE. 

ANISOL-PHTHALIC ACID v. Melhyl-Qxt- 

EENZOPHENONE CABBOXYLIC ACID. 

* • 
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ANISONITKILE. 


AKISOKITBIM v. Nitrile of Methyl-p-Oxt* 

BIN ZOIC ACID. 

ANISO-DITJREfDE v. Methyl-Qvi-BEXz&imA- 
M-UBRA. 

ANISURIC ACID C 10 H n NO 4 i.e. 
Me0.C a H 4 .C0.Nn.CH r C0 2 H. Mcthyl-oxy-ben- 
eoyl-glycocoll.—P rom silver amiilo-acetato and 
methyl-p-oxy-bcnzoyl chloride. Also secreted 
when mcthyl-p-oxy-benzoic (anisic) acid is taken 
into the stomach. Lamina). Split up by acids 
into glycocoll and anisic acid. 

Salts: CaA' 2 3aq.—AgA' (Cahours, A. 103, 
90 ; 109, 32; Graebe a. Schultzen, A. 142, 348). 

ANI8YL. This name is usually given to 
the radicle methyl-p-oxy-phenyl, CH.,O.C ti H 4 , 
but sometimes also to methyl-p-oxy-benzoyl, 
CH 3 O.C,;H,.CO, which could more appropriately 
be called anisoyl. 

ANISYL BROMIDE v. ^-Bromo-phenol, 
Methyl-ether and Methyl- oxy-benzoyl miomide. 

ANISYL CARBAMIDE v. Methyl-p-OxY- 

PHENYL-UREA. 

ANISYL CHLORIDE v. jp-CriLORo-riiKNOL, 
Methyl-ether and Methyl-ox ?-tivkzoyl chloride. 

ANISYL METHYL KETONE v. Mcthyl-Oxx- 

ACETOPHENONE. 

ANISYL-THIO-UREA v. Mcthyl-QxY-vivmxh- 
TIIIO-UREA. 

ANISYL-TJREA V. Afr/7i7/Z-OxY-PTIENYL-UREA. 

ANOL C„II l0 O i.c. liO.C,H,.CH:CII.CII 3 . 
[92-5°J. (c. 250°). Formed by heating anethol 
with KOII. Shining lamina) (from alcohol, 
ether, and chloroform) sol. KOHAq and reppd. 
by acids (Ladenlmrg, B. 2, 371). 

ANTHEMENE C.JI,,. [04°]. (440°). 

S.G. 15 . 942 . V.D. 127 (calc. 131). S. (alcohol) 
•033 at 25°. Extracted from flowers of chamo¬ 
mile (Anthemis nobilis) by light petrolcum_(Nau- 
din, Bl. [2] 41, 483). Minute needles, insol. 
water, sol. ether, petroleum, CS 2 , chloroform, and 
hot alcohol. 

ANTHEMOL C 1() II lti O. (214°). Occurs in oil of 
chamomile (Anthemis nobilis). Thick liquid with 
camphor-like smell (Ivoebig, A. 195,104). Boiling 
dilute HN0 9 produces tereplithalic andp-toluio 
acids. Acetul derivative G io ll lA OAo. (235°). 

ANTHOCYANIN. Blue colouring-matter of 
flowers v. Pigments. 

ANTHOXANTHIN. Yellow colouring matter 
of flowers, v. Pigments. 

ANTHRACENE C 14 H 10 i.e . 


CH CH CH 


hc V^nJ. 


IA/ 

CH CH CH 


CH 


Mol. w. 178. [213°]. (o. 360’). H.F.p. -116,000 
(v. Rechenberg). S.Y. 195-8 (Ramsay). Alcoholic 
solutions containing less than ’03 p.c. exhibit 
absorption bands in the ultra-violet part of the 
spectrum (Hartley, C. J. 39, 162). S. (ether) 
1-17 at 15°; S. (HOAc) -44 at 16°. S. (benzene) 
1*7 at 15°. S. (alcohol) *08 at 16°; (dilute alco¬ 
hol, S.G. -84) -46 at 15° (Versmann, J. 1874, 
423; Becchi, B. 12, 1978). 

Occurrence .—In coal tar (Dumas a. Laurent, 
A. Ch. [2] 50, 187). From crude anthracene 


the following bodies may be extracted by acetic 
ether:—(a) Soluble in cold alcohol: carbazol, 
phenanthrene, fluorene, and a hydrocarbon 
[130°]. Carbazol is insoluble in CS 2 , the others 
dissolve, but can be separated by their picratcs. 
(6) Soluble in cold benzene: synanthrene and 
two hydrocarbons [104°] and [97°].—(c) Soluble 
in hot benzene: anthracene (insoluble in dilute 
alcohol) and pseudophonanthrene (soluble in 
dilute alcohol).— (d) Insoluble in benzene : car¬ 
bazol (Zcidler, A. 191, 302). 

Formation. —1. By passing through red-hot 
tubes a mixture of ethylene with benzene, di¬ 
phenyl, or chrysene; or a mixture of benzene 
and styrene (Berthelot, Bl. [2] 7, 223; 8, 231; 
9, 295) or benzene and petroleum (Letny, B. 10, 
412; 11, 1210), or benzene and oil of turpentine 
(Schultz, B. 7, 113).—2. By passing benzyl- 
toluene, Ph.CH 2 .C (i H 4 .CH 3 , through a red-hot 
tube, or over heated litharge (Bchr a. Dorp, B . 

6, 754 ; A. 169, 216).—3. By action of A1C1 3 on 
a mixture of benzene and s-tetra-bromo-ethane 
(Anschutz a. Eltzbacher, B. 16, 623).—4. By 
action of sodium on o-bromo-benzyl bromide 
(Jackson a. White, Am. 2, 392; B. 12, 1965).— 
5. By heating benzyl ethyl oxide, PhCH.,.O.Et, 
with PA (J- Schulze, J. pr. [2] 27, 518).—6. By 
action of CIICI 3 or CH..CL on benzene in presence 
of A1C1 3 (Friedel, Crafts,‘a. Vincent, Bl. [2] 40, 
97; 41,325).—7. By heating benzyl chloride with 
water at 200° and distilling the product (Lim- 
pricht, A. 139, 303; Zinckc, B. 7, 278).—8. By 
heating a mixture of alizarin with zinc dust at 
low red heat (Graebo a. Liebermann, A. Suppl. 

7, 297).—9. By distilling o-tolyl phenyl ketone 
with zinc dust (Bchr a. Dorp, B. 7, 17).—10. To¬ 
gether with toluene by the action of A1C1 3 on 
benzyl chloride (Perkin a.*IIodgkinson, G. J. $1, 
726).—11. By distilling benzyl-phenol with I*oO s 
(Patorno a. Fileti, B. 6,1202).- 12. By heating 
o-benzoyl-benzoic acid with zinc dust (Grcsly, 
A. 234, 238). 

Properties. —Four- or six-sided monoclinic 
white tables with blue fluorescence. Insol. 
water, si. sol. alcohol, ether, benzene, glacial 
ITOAc, chloroform, CS 2 , and light petroleum. 
Changed in sunlight into para-anthracene 
(paraphotene) [244°], which is insoluble in most 
menstrua, but is reconverted into anthracene by 
fusion. 

• Estimation.— Anthracene (1 g.) is dissolved 
in boiling glacial HOAc (45 c.c.), filtered if 
necessary, and a solution of CrO., (10 g.) in 
glacial HOAc (5 c.c.) diluted with water (5 c.c.) 
is slowly added; a slight excess of Cr0 3 should 
be left after long boiling. The liquid is diluted 
with water (150 c.c.) and the ppd. anthrnquinone 
washed, dried at 100°, and weighed (Luck, B. 6, 
1347; v. also Meister, Lucius, a. Briining, Fr. 
16, 61; Paul a. Cownley, C. N. 28,175 ; Lucas, 
C. N. 30,190 ; Nicol, C. J. 30, 553 ; J.T. Brown, 
C. J. 31, 232; Versmann, C. J. 30, 347). 

Reactions.— 1. Cone. HI at 280° forms an¬ 
thracene hydrides, toluene, and various paraffins. 

2. Chrofnic acid produces anthraquinone.— 

3. Nitric acid also produce# anthraquinone, 
and not nitro-anthrucenc.—4. Sulphuric acid 
forms sulphonates.—5. COCl 2 forms the chloride 
of anthracene (A)-carboxylio acid.—6. H 2 0 2 pro¬ 
duces apthraquinone (Leeds, B. 14, 1382). 

Cotnbinativne*— With piorio acid it forms 
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. 88 °] j red needle*.—With 
C 1 ,H,.0 ) H 2 (N0 2 ) 2 S[162°] 
’ 8 ).—With nitric aoidi 
6 „H, d NO,H [125°]. Formed by passing nitrous 
fumes into anthracene suspended in glacial 
HOAo at 20°. White needles or prisms, sol. 
alcohol or benzene, unstable when damp; con¬ 
verted by alkalis into nitroso-antlirone ChH„N0 2 , 
[146°] and nitroso-hydroanthrone C M H,,N0 2 
(Liebermann a. Lindermann, B. 13, 153S).— 
With nitrio peroxide: 0 U H,„N 2 0, [194°]. 
Formed by passing nitrous fumes into anthra¬ 
cene dissolved in glacial acetio acid cooled below 
16°. Needles or plates, si. Bol. alcohol and 
benzene; unstable when damp; converted by 
alkalis into nitroso-anthrone.—Hydro-an- 
thracene-nitrite, C.H.iCllkONOIrCaH, (?) 
[125°] is isomeric with the last body. It is 
formed by the action of HNO, on an acetic 
acid solution of anthracene-di-hydride. Small 
crystals. Easily soluble in benzene. On boil¬ 
ing with alkalis nitroso-oxanthranol dissolves 
whilst nilronitrosoanthrone remains insoluble. 
Oxidation with CrO, converts it into anthra- 
quinone (Liebermann a. Landshoff, B. 14, 407). 

Constitution. —Tho constitutional formula 
given above is founded chiefly upon Formation 
3, 4, and 2, and upon the formula assigned to 
anthraquinone (q. v.). Substitution in one of 
the benzene nuclei may be indicated by B pre¬ 
fixed to a numbor exactly as in the naphthalene- 
derivatives; substitution in tho C. 2 H 2 group is 
indicated by the prefix A. But in this dictionary 
tho notation employed for anthracene derivatives 
in usually exactly the same as that used for 
other benzene compounds (v. Benzene). 

Additional Bcfcrenccs. —Graebe a. Lieber¬ 
mann, Z. [2] 4, 279. 503, 724; 5, 002 ; 6 , 257 ; 
Fritzsche, N. Petersb. Acad. Bull. 9, 385; 13, 
631. V. also Methyl-anthracene, ETHYL-AN¬ 
THRACENE, BUTYL-ANTHRACENE, AMYL-ANTHRACENE, 

and their hydrides; also Chloro-, Bromo-, 
Nitbo-, anthracene, Anthramine, Anthrol, An- 
THBANOL and SULPIIO-ANTURACENE CABBOXYI.IC 
ACID. 

Isoanthracene C„H 10 . [134°]. Obtained by 
passing di-benzyl-tnlueno, C 21 H. ( , (from toluene, 
benzyl chloride, and zinc dust) through a red- 
hot tube (Webera. Zineke, B. 7,1150). Lamime; 
more soluble than anthracene. Converted by 
CrO, into a quinone C t( H s O.. , 

Para-anthracene C„H, 0 . [244°]. Deposited 
when solutions of anthracene are exposed to 
sunlight. V. si. sol. alcohol, ether, and benzene. 
Changed into anthracene by fusion. Does not 
combine with picrio acid (Schmidt, /. jrr. [2] 9, 
248). 

ANTHRACENE BROMIDE C, ( H„Br,. Crys¬ 
tals formed by adding bromine to a solution of 
anthracene in CS, at 0° (Perkin, 0. N. 39, 
146). Split up by heat into HBr and bromo- 
inthracene. 

ANTHRACENE CARBOXYLIC ACID 

C ls H, 0 O 2 i.e. C,,H„.CO ! H. [280° corr.]. Two 

anthracene carboxylio acids can be detained by 
distilling dryerflde potassium anthracene sulpho- 
nate with K,FeCy„ and saponifying the mixture 
of nitriles that results (Liebermann, B. 8 , 246; 
13, 48). They may be separated by baryta- 
water whioh forms a soluble salt wit|j the ( 0 )- 
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acid). Wd an insoluble one' with the (y)-acid. 
NeTertheless the two aoids may bs identical. 

(0)-Ahthraoene carboxylio acid. [o. 260°]. 
Yellow needles (from alcohol). Insol. .water, 
si. sol. benzene and ether. Gives anthracene 
when heated with soda-lime, and anthraquinone 
carboxylio acid when oxidised by CrO,. Salts 
with heavy metals are v. sol. water. The acid 
and its salts show blue fluorescence. 

( 7 )-Anthracene carboxylic acid. [c. 280°]. 
Formed also by reducing anthraquinone car¬ 
boxylic acid with zino dust and ammonia (Bern¬ 
stein, B. 16, 2609). Small plates or needles. 
May he sublimed. Sol. acetio acid and hot 
alcohol, el. sol. cold alcohol and chloroform. 
Its solutions have a blue fluorescence. CrO, 
gives anthraquinono carboxylic acid [285°]. 

Salts.—NaA': small spangles, si. sol. water; 
fluorescent. All the salts of the heavy metals 
are tolerably insoluble. 

Ethyl ether A'Et: [135°], white plater, 
with blue fluorescence. 

Chloride C„H».C0C1: yellow crystals, 
soluble in alcohol, ether, benzene, and CS, with 
an intense green fluorescence. 

Amide C„H,.C0NH 2 : [295°], slender yellow 
needles or plates, si. sol. alcohol with a blue 
fluorescence, insol. water, benzene, CS, and 
chloroform. 

Anthracene (zi.)-car boxy lie acid 
C 6 H,:CjH(C0„H):C,H,. [206°]. From anthra- 

cene and COC1, at 200°, and saponifying tha 
chloride by Na,CO,Aq (Graebe a. Liebermann, 

B. 2, 678). Formed also by heating (A. 1)- 
chloro-anthracene (A. 2 )-carboxyIio acid with 
alcoholic potash (Behla, B. 20, 701). Silky 
needles (from alcohol); decomposed by heat into 
CO- and anthracene. V. si. sol. water. CrO, 
gives anthraquinone. Cl or Br (1 mol.) gives 
(A. l)-chloro- (or bromo-) anthracene (A. 2)- car¬ 
boxylic acid. A larger quantity (2 mols.) of Cl or 
Br give (.1.)- di-chloro- (or bromo-) anthracene. 
Cone. H,SO, gives (B.)-sulpho-anthracene (A.)- 
carboxylio acid. Salt.—AgA'. 

Methyl ether MeA'. [111 0 ]. Yellowish 
prisms or tables. 

Anthracene-di-m-carboxylio sold 

(i) 

-CH, (2:4) 

C S H.< | >C.H,(CO,H) 3 . [above 830°]. Formed 

'CEr 
<«) 

by reduction of an ammoniacal solution of the 
corresponding antliraquinone-m-di carboxylio 
acid with zinc - dust. Crystalline powder. 
Scarcely sol. water, m. sol. other solvents (Elba 
a. Gunther, B. 20, 1365). 

Anthracene-di-carboxylio aoid 
(l) 

-CH, (8:4) 

C, H,< I \g o H 2 (C0 2 H) 3 . [346°]. Formed by 

\CIK 

( 8 ) 

reduction of an ammoniacal solution of anthra- 
quinone-di-carboxylic acid [340°] with zinc-dust. 
Yellow crystalline powder. Scarcely sol. water, 
si. sol. other solvents (Elbs a. Eurich, B. 20, 
1363). 

ANTHRACENE CHLORIDE From 

anthracene dissolved in CS. at 0° by passing 
in Cl (Perkin, O. J. 31, 209). Needles (from 


C 1 ,H l ,0,H ? (N0 2 ).0H [1 
dinitrothiophene: 
(Rosenberg, B. 18, 17‘ 
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benzene). Splits up into HOI and ehloranthra- 
eene even in the cold. 

ANTHRACENE HYDRIDES. 

Anthracene di-hydride C,,H„. [108°]. (313°). 
Formed by heating anthracene at 180° with 
HI and red P, or by treating a solution in 
alcohol (95 p.e.) with sodium-amalgam. Pre¬ 
pared by heating anthraquinone (ill) pts.), HI 
(140 pts. of S.G. 1-8), and red P (10 pts.) with 
inverted condenser for one hour on a sand bath 
(Liebermann, A. Suppl. 7, 205; 212, 5). Largo 
monoclinie plates (from alcohol) or needles (by 
sublimation). Insol. water, v. sol. alcohol, ether, 
and benzene. Volatile with steam. Its solu¬ 
tions fluoresce blue. 

Reactions. —1. Warm cone. II.jSO, forms 
anthracene and SO,.—2. Br added to its solu¬ 
tion in CS 2 forms di-bromo-antliraccne.—3. 
Cone, nitric acid, forms hydro-anthracone-nitrito 
(o. sup.) and dinitroanthrone.—4. CrO, gives 
anthraquinone. 

Antbracenehexa-hydrideC lt H, B . [63°]. (290 ). 
From oxy-anthraquinone (or anthracene dihy¬ 
dride), fuming HI and red P by boiling for 20 
hours (Liebermann, A. 212, 25 ; Suppl. 7, 273). 
Plates (from alcohol). Volatile with steam ; v. 
sol. alcohol, ether, and benzene. At a red heat 
it is split up into hydrogen and anthracene. 

ANTHRACENE - HYDRIDE CARBOXYLIC 
ACIDS. 

Anthracene-di-hydride carboxylic acid 
C, 5 H,A i-c. C, t H u (CO ! H)- [203°]. Formed, 
together with the following acid, by reduction 
of anthracene-carboxylic acid, (280° cor.], with 
sodium-amalgam (Bornstein, B. 1 G, 2 G 12 ). 
Colourless plates. V. sol. ordinary solvents. 

Anthracene-tetra-hydride carboxylic acid 
C u H, 3 (C0 2 H). [165°]. Colourlesstrimetrictables. 

Anthracene-bexa-hydride carboxylic acid 
C.JUCCUI). [232°]. Formed by reduction of 
anthracene-carboxylic acid by heating it with 
HI (1’7) and P at 220° (B.). Slender needles. 

ANTHRACENE-DI-HYDRIDE SULPH0NIC 
ACID C H H„.HSO a . Prepared by reduction of 
sodium anthraquinone sulphonatowitli III (S.G, 
1*8) and red P (Liebermann, B. 12,189, A. 212, 
44). Decomposed by fusion with KOI! with 
formation of anthracene and anthracene hydride. 
NaA'aq: long soluble needles.—BaA',..— CaA' s . 

ANTHRACENE StTLPHONIC ACID 

OjjHjSOjH. 

Foitnation. —From anthraquinone suiphonic 
acid, HI (S G. 1*7), and red P, by boiling for half 
an hour (Liebermann, A. 212, 48). 

Preparation.— From sodium anthraquinone 
sulphonate (500 g.), zino dust (750 g.) and 
ammonia (3 litres of S.G. * 88 ), at 100° 
(A. 212, 57; B. 15, 852). On oxidation by 
HNO, it gives anthraquinone suiphonic acid. 

SaltB—NaA'4aq, v. si. sol. water.— BaA'.,.— 
PbA', 2aq. 

The existence of (a)- and (B)-anthraccno sul- 
phonio acids amongst the disulphonic acids 
obtained by sulphonation of anthracene (Linke, 
J. pr. [21 11,222) has been denied by Liebermann 
(B. 12, 592). 

(n)-Anthraceue-di«ulphonic acid 
[l J] C.H s (SO,H):CA:C,H,SO,H [» ,]. 

Preparation. — 1 pt. of anthracene is gently 
heated on a water bath with 3 pte.of H„SO, for 


j an hour. After dilution with water, the filtered 
solution is neutralised with PbCO„ and the lead 
salts converted into the sodium salts. 

Since the sodium salt of the (a) -acid is mush 
less soluble in water containing Na-CO,, than 
the sodium salt of tho (B)-acid it can be readily 
separated from the latter (whioh is formed 
simultaneously) (Liebermann a. Boeck, B. 
11, 1C13 ; 12, 182, 1287). 

Properties. —Minute needles. By fusion 
with KOH it gives (a )-dioxyanthracene 
(chrysazol), which is converted on oxidation into 
clirysazin v. Di-oxy-anthiuqi;inoN!:. 

Salts.—Na^A" 4aq.—K.,A"aq.—CaA" 5aq.— 
BaA" 4aq. 

(13) -Anthracene-disulphonic acid 
[t |] C,H,(SO 3 H):C»H z :C 0 H 3 .SO 3 H [| i]. 

Preparation. —1 pt. of anthracene is heated 
to 100°C. with 3 pts. of 1LS0 4 till half has 
dissolved. It is separated from the (a)-acid, 
simultaneously formed, by conversion into the 
sodium salt. By fusion with KOH it gives a 
dioxyanthracene, which on oxidation is con* 
verted into anthrarufin v. Di-oxy-anthkaquinone. 

Salts.—Na.^A"3aq; white leaflets, easily 
soluble with a blue fluorescence.—BaA"4aq; 
white leaflets.—A"Pb: crystalline pp.—CaA" 3aq 
(Liebermann a. Bocck, B. 11, 1013; 12, 182, 
1287). 

Anthracene - di - suiphonic acid ( Flav -). 
C h H h (S0 3 H).,. Prepared by reduction of sodium 
(a)-anthraquinone di-sulphonate with zinc-dust 
and NH., (Schuler, B. 15,1807). 

Salt s.—A"Na.,: soluble crystals, its solutions 
have a blue-violet fluorescence.—A"Ba: white 
crystalline powder. 

ANTHRACHRYSONE v. tetra- Oxy-anthra* 

QUINONE. 

ANTHRACYL-AMINE v. Anthramixr. 

ANTHRAFLAVIC ACID v. Di-oxy-anijiraqux* 

NONE. 

ANTHRAGALL0L v. (1, 2, 3)-^?/-Oxy-anthra* 

QUINONE. 

ANTHRAHYDROQUINONE v. Oxantiiranol. 

ANTHRAMINE C n II n N i.e. 
C, i II 1 :(C 2 H. 2 ):C 6 H !J NII 2 . Anthracylaminc. Amido• 
anthracene. Anthrylaminc. [237°]. 

Vormalioji. — 1. By heating amido-antlira* 
quinone with HI and P.—2. By heating anthrol 
with acetamide at 280° and saponifying the 
acetyl derivative so produced.- 3. By heating 
anthrol with 10 p.c. aqueous NIL, at 250° ; the 
yield is nearly theoretical.—4. By heating an¬ 
throl with alcohol and ammonia at 170°. 

Properties— Yellow plates (from alcohol). 
May bo sublimed; si. sol. alcohol, the solution 
having a splendid green fluorcscenco. Is a weak 
base, dissolving with difficulty in boiling HQ1. 
Forms a blue mass when fused with arsenic 
acid. Is readily methylated. 

Reactions.— 1. Does not give the carbamine 
or mustard oil tests.—2. Boiling HOAo gives 
di-anthramine.—3. Chloroform and alcoholic 
potash gifve rise to di-anthryl-formamidine 
C u H 9 .NH.CH:N.C m H 0 .—4. Nitrbus acid gives 
C^HjjNsO, [250°], a body which forms a red solu* 
tion in CS 2 , and a blue solution in H z S0 4 . 

Salts.—BHC1: white iridescent plates, bL 
sol. water; formed by adding HC1 to an alcoholic 
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solution of the bate. Its eolation dost not 
fluoresce.—B' jHjSO, : v. *1. sol. water. 

Aettyl derivative G,,H,NHAo, [240°]. 
Plates. Its alcoholio solution fluoresces blue. 
CrO, gives acetyl-amido-anthraquinone. 

Formyl derivative C.jHjNH.CHO. 
[242°]. Small yellowish-green crystals, si. sol. 
alcohol, with green fluorescence. 

Deferences.— Eoemcr, B. 15,223; Liebermann 
a. Bollert, B. 15,226, 852; 10,1635; A. 212,57. 

Di-anthramine C.,H 1S N i.e. (C h H,) 2 NH. IH- 
anthracylamine. Prepared by boiling anthra- 
mine with acetic acid (Bollert, B. 10, 1036). 
Does not melt at 320°. Small glistening plates. 
Very sparingly soluble in all solvents. 

ANTHRAMINE-DI-HYDRIDE O u H n .NH,. 
Slender colourless needles. Very solublo in 
alcohol. Formed by reduction of anthramine with 
sodium-ainalgam.—B'HCl: sparingly soluble 
white needles (Liebermann a. Bollert, B. 15,853). 

ANTHRANIL CJL.NO i.e. C 8 H,<^jj> (?). 


o-Amido-benzoic lactam, (o. 213°). V.D. 
4-14 (obs.). Formed by reduction of o-nitro- 
benzaldehyde with tin and acetic acid (Fried- 
lander a. Hcnriques, B. 15,2105). Colourless oil; 
volatile with steam. Soluble in ordinary solvents, 
but sparingly in water. Very weak basic properties. 
Reduces salts of gold anil silver to the metal. 
By alkalis it is converted into anthranilic acid 
of which it is the anhydride. Double compound 
C,H.,NOHgCl.: [174 ’J; slender needles, sol. 
alcohol and hot water, si. sol. cold water. 


.CO 

Benzoyl derivative C,H t < | . £123°]. 

^NBz 

(above 300° with decomposition). Formed by 
heating isaloic acid.with BzCl (E. v. Moyer, 3. 
pr. [2] 33, 19). Long white needles; readily 
takes up 11,0 forming bcnzoyl-anthranilic acid 
(Fricdlandcr a. Wlcugel, B. 10, 2229). 

ANTHRANIL v-CARBOXYLIC ACID t>. 
Isaxoic ACID. 

ANTHRANILIC ACID v. o-Amido-benzoic 


ACID. 


ANTHRANOL C u n,„0 i.e. 

-C(OU)v 

C.H/ | >C,H,. (163°-170°). From an- 

'ClI ' 


thraquinone (30 g.), HI (140 g. of S.G. 1-75), 
and red P (8 g.), by 15 minutes’ digestjon 
(Liebermann, A. 212, 6). Needles (from benzene). 
Its alcoholic solution shows blue fluorescence. 
Decomposed by heat, becoming greenish. Dis¬ 
solves in aqueous KOH, forming a yellow liquid, 
whence CO, pps. tho anthranol. The nlkaline 
solution is oxidised by air, some anthraquinonc 
being formed. CrO, in glacial HOAc completely 
oxidises anthranol to anthraquinone. 

Acetyl derivative. [126°-131°]. Whito 
Beedles (from dilute alcohol). 

ANTHRANOL DIHYDRIDE 

C » H *<CH(OH)> C « H *’ P6°J. 

Preparation.—bOgrms.ot anthraquinone are 
mixed with 10Q grms. of zino dust and heated 
over a water-bath with S00c.o. ammonia and 
200 o.o. of water. The liquid turns at first blood- 
rod from.oxanthranol, but after three hours this 
is reduced, the liquid becoming yellow. The ! 
liquid is filtered, the pp. dried, at* 16°, and 


extracted with boiling benzoline (40®-60°), from 
whioh the anthranol dihydride crystallises on 
cooling (H. B. v. Perger, J.pr. [2] 23,189). 

Properties .—Slender satiny needles, whioh dis¬ 
solve in benzoline, forming a solution with bluish 
fluorescence. May bo crystallised from boiling 
water, but by long-continued boiling with water 
or with alcohol it is converted into anthracene: 

PTT /C'Hv 

o.H.<cn) OIT) >c.H. = c.u.^pc.ir.+H.o. 

DIANTHRANYL C 2 ,II, 8 i.e?" 

CJI, CJI, 

/\ /\ 

HC — C —0 — CH. [300°]. Yellowish plates. 

V \/ 

CJI, C (i H, 

Formed by heating anthrapinacone C^H^O, 

with acetyl chloride (K. Schulze, B. 18, 3035). 
AN1HRAPINACONE 


CJI, CJI, 

CjJIrA i.e. CH/\C(0H)-C(0II)<'\CH 1 . 

C S H, CJI, 

[c. 182°]. Formed as a by-product of the re¬ 
duction of anthraquinone to diliydroanthranol 
by means of zinc-dust and NH S . Long slender 
whito needles. Sol. hot benzene, toluene, or 
xyleno, si. sol. alcohol, insol. petroleum-ether. 
On heating with acetyl chloride, 2H,0 is removed 
giving diantliranyl C,,H, S (Schulze, B. 18, 3034). 
ANTHRAPURPDRIN v. TVi-Oxy-anthiuqui. 


NONE. 

ANTHRAQUINOL v. OxAvnuuNon. 
ANTHRAQU1N0LINE C„H,iN i.e. 

H 

H /Cx 
C X ^CH 

II | [170°]. (446°). 

C-C. ,.C-N = CH 

H ^C — CH=CH 


CJI,<j‘ 

'ft 


Formation.—1. By heating alizarin-blue 
with zinc-dust.—2. By heating a mixture of 
anthramine, nitrobenzene, glycerin, and H,SO, 
(Graebe, B. 17,170; A. 201, 344). 

Properties. —Tables, insol. water, sol. alcohol 
and ether; its solutions show intenso blue fluo¬ 
rescence. Its salts aro yellow and possess in 
solution an intenso green fluorescence. B'HCl.— 
B'JLPtCl,,.—B'HI.—BTLSO,. 

Combinations.— With piorio acid it form* 
C„H„N CJI„(NO,),OH: slender yellow needles. 
With ethyl iodide: B'Etl; golden needles, v. 
sol. hot, si. sol. cold, water. 

Quinone C,.H, l NO.. [185°]. Formed from 
the preceding by CrO.,. Yellow prisms or needles, 
insol. water, sol. in alcohol and ether. Salts.— 
B'HCl: sulphur-yellow needles, si. sol. water, 
butBlowlydecomposedbyit.- B'JIJ’tCl,. Picrio 
aoid compound B'C,H,N,0.: golden needle*. 

ANTHRAQUINONE 

C„H,0, i.e. C„H,<^>C S H,. Mol. w. 208. 

[273°]. S. (alcohol) -05 at 18°; 2-25 at 78°. 
V.D. 7-33 (calc. 7-20) (Graebe, B. 6,15). 

Formation. —1. By oxidation of anthracene 
(Laurent, A. Ch. [2] 60, 220 ; 72, 415; A. 84, 
287; Anderson, C. J. 15,44).— 2. From phthalyl 
chloride by heating with benzene and zino-dust 
in sealed tubes at 220° (Piccard, B. 1, 1785) or 
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by treatment with A1C1, (Friedel a. Drafts, BU 
[2] 29, 49).—9. By dry distillation of oaloiiun 
phthalate (Panaotovita, B. 17, 312J.—4. To¬ 
gether with benzophenone by distillation of 
calcium benzoate (Kekuld a. Franchimont, B. 

6, 908).—®. By heating o-(but not p-) benzoyl- 
benzoio acid with P 2 O a at 200° and extracting 
with benzene (yield 20 p.o.; Behr a. Van Dorp, B. 

7, 578).— 6 . In small quantity, by distilling 
benzoio acid with P 2 O a (K. a. F.).—7. From 
phenyl o-tolyl ketone, Mi:0 , and U,S0,Aq (Behr 

а. Dorp, B. 6 , 753 ; 7, 10).’— 8 . By acting on o- 
bromo-benzyl bromide dissolved in ether with 
Na and oxidising the product (anthracene) with 
CrO, (Jackson a. White, Am. 2, 390).—9. By 
action of water on 1 anthraquinone chloride ’ 
C„H,C1 2 0, obtained by passing ohlorine into 
phenyl o-tolyl ketone at 110° (Thorner a. Zincke, 
B. 10,1479). 

Preparation.— Anthracone is dissolved in 
glacial acotio acid j K 2 Cr 2 0, or CrOj i 3 added; 
the liquid is then heated to 100 °, the acetic 
acid is distilled off and the anthraquinone ppd. 
by water. Large quantities are prepared by 
oxidising anthracene (100 kilos.) with K 2 Cr 2 0, 
(150 kilos.) sulphuric acid (200 kilos.) and wator 
( 2,000 kilos.). 

Properties.— Yellow needles (by sublimation). 
Insol. water, v. si. sol. alcohol, si. sol. benzene. 
Not attaoked by alcoholic KOH at 200°: or by 
cold Br. 

Beactions.—l. Bromine at 100° forms di- 
bromo-anthraquinone (q. v.).— 2. HI and P form 
anthranol and anthracene dihydride.—3. Heated 
with einc dust to dull redness it is reduced to 
anthracene.—4. Zinc dust and aqueous NaOII 
giveoxanthranol,C a H,:(0 2 H I 0 2 ):C u H 4 (j.o.): when 
alkyl iodides are added alkyl oxanthranols are 
got. When stronger soda is used and the 
alkyl iodide is not added until the reduction is 
complete, alkyl-hydro-anti:ranols (v. Hydro- 
anthranol) are got (Liebermann, A. 212,100).— 

б . Zinc dust and aqueous NH, give dihydro- 
oxanthranol, C„H i :(C 2 H,0 ! ):C ( 1 H < .-6. PCI, di¬ 
luted with PCI, at 200° forms chlorinated 
anthraquinones (Graebe a. Liebermann, A. 100, 
121).—7. Potash-fusion at 250° forms potassium 
benzoate. 

Constitution.— The formation of anthra¬ 
quinone from phthalyl chloride (q. v.) and ben¬ 
zene might be thought to indicate the formula 


This formula is open to 


rh Os.h.. 


several objections:— (a) the group C a H a :G is 
unknown; ( 6 ) it represents a lactone which 
should be converted by KOH into an oxy acid: 
(c) anthraquinone reacts with liydroxyiamine 
while phthalide and its derivatives do not 
(B. v. Meyer, J. pr. [2] 29,139, 496; V. Meyer, 
B. 17,818). There remains the formula 

°*H4<co>0«H«, which agrees with that of 
/ CH \ 

anthracene C,H,<T I pC.H, and must there¬ 
fore be adopted. Bromo-phthalio aoid, benzene, 
and A1C1, give bromo-benzoyl-benzoio acid, 
COjH.O.Hjlir.CO.OjH,, in which it is evident that 
the carbonyls are o to one another. Cone. H 2 SO a 
condenses this acid to bromo-anthraquinone, 


whence potash-fusion toms an ozy-anthraqo 
none from which phthalio (not oxy-phthalio) aoii 
can be obtained by nitric acid. Henoe the twi 
carbonyls are o to one another in both beneent 
nuclei (Peohmann, B. 12, 2125). 

Derivatives of anthraquinone are described at 
Chloro-anthraquinonb, Bbomo-anthraqbinonz, 
OXY - ANTHRAQUINONE, OXY - METHYL - ANTHRAQUI¬ 
NONE, Methyl-anthraquinone. 

ANTHBAQUINONE CARBOXYLIC ACID 
C, s H 8 0, i.e. C a H,:(C 2 0 2 ):0 a H 2 C0 2 H. [282°- 

284°]. Obtained by boiling methyl-anthracena 
(Weiler, B. 7,1186; O. Fischer, B. 7, 1196; 
Liebormann, A. 183, 166; J.:pp a. Schultz, B. 
10, 1051), methyl-anthraquinone (Hammer- 
schlag, B. 11, 82), or anthracene enrboxylio 
acid [280°] (Liebermann a. v. Bath, B. 8 , 248), 
with CrOj and HOAo, or the compound C„H„0 
(obtained by action of cone. H..SO, on amyl- 
oxanthranol) with CrO, and H.SO a (Liebermann, 
A. 212,97). 

Properties— Compact yellow prisms (from 
alcohol); yellow needles (by sublimation); v. 
si. sol. HOAo, benzene, and alcohol, v. sol. 
acetone. Decomposed by heat into C0 2 and 
anthraquinone. The sodium salt is insol. 
NaOIIAq. 

Salts.—BaA' 2 (?Aq) needles, v. soL hot 
water.—CaA' 2 (?Aq). 

The following derivatives are got from the 
acid obtained by oxidising methyl-anthraquinone 
(Liebermann a. Glock, B. 17, 888 ). 

Ethyl ether A'Et: [147°J, needles, easily 
soluble in alcohol. 

Chloride C„H,0 2 .C0C1: [147°], needles, 
very stable towards water. 

Amide C,,H,0 2 .CO.NH.: [above 280°), 
needles, very stable compound. 

Anilide C„H,0 2 .C0.NHPh: [260°],needles, 
very sparingly soluble in most solvents. 

( 7 )-Anthraquinone carboxylic aoid. [285°]. 
From the corresponding anthracene carboxylio 
acid (Liebermann a. Bisohof, B. 13,49). Yellow 
needles (from glacial IIOAc). Its alkaline solu¬ 
tions do not fluoresce. Its barium salt is v. si. 
sol. water. This acid may be identical with the 
preceding. 

Anthraquinone-di-m-carboxylic acid 

(i) 


0 s H 4 <^>C tf H 2 (C0 3 H),. [above 330°]. Formed 
(fl) 

by oxidation of the corresponding wi-di-methyl- 
anthraccne. Yellow needleg. Nearly insol. 
water, si. sol. other solvents. Dissolves in 
aqueous NH S with a red colour; the NH 4 salt 
crystallises in easily soluble small red warts; 
its solution gives with AgNO a a reddish pp. of 
A"Ag.,. By zinc-dust and aqueous NH a the acid 
is reduced to anthracene-m-di-carboxylio aoid 
(Elbs a. Gunther, B. 20,1364). 

Anthraquinone-di-carboxylic acid 

c a H 1 <^>C a II i (CO J H) 2 . [340°]. Formed by 
( 0 > 1 

oxidation of di-methyl-anthraquihone [183°] by 
IINOj (1-2) at 220°. Yellow needles. Scarcely 
sol. water, si. sol. most other solvents. Dissolve* 
in aqueous Nn a with a red colour. On heating 
It loeee 14,0, giving the anhydride. By sine- 


(2:0 
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dust and aqueous KH.it is reduced to anthra- 
tene-di-oarboxylio aoid [845°]. The solution of 
the NH, salt gives pps. with Ca01„ Pb(OAo),, 
and AgNO,. 

Anhydride C t I{,.C A.C„H 2 <^>0: 

[290°]; sublimes in small yellow needles (Elba 
a. Eurioh, B. 20,1362). 

ANTHRAQU1N0NE-0XIM 

C,H ( <rV.H, 

Formed by heating anthraquinone with hydroxyl - 
amine hydrochlorido and alcohol at 180° (Gold¬ 
schmidt, B. 16,2179). Red crystalline powder. 
Sublimes without melting abovo 200 ’. Dissolves 
in with an intense yellow colour. 

ANTHRAQUINONE SULPHONIC ACID 
O.ASO, ;. e . O a H t ''(CO) 2 :C„Hi-SO ; iH. Formed 
together with the disulphonic acid by heating 
anthraquinone (1 pt.) with H 2 SO, ( 2 £ pts.) at 
260°. Also from diamido-anthraquinono sul- 
phonio acid by diazo reaction; and from o- 
benzoyl-bonzoio acid and fuming H-SO, (Licber- 
mann, A. 160, 131; Suppl. 7, 805; v. Perger, 
J.pr. [2J 19, 218). 

Properties. —Follow scales, v. sol. water and 
alcohol, v. si. sol. H,SO, and other. 

Reactions. — 1 . Fused with potash it forms 
alizarin, oxy-anthraquinone, and benzoic, p. 
oxy-benzoic and protocatechuio acids.—2. HI 
and P form anthracene suiphonio acid and its 
dihydride.—3. Anthracene suiphonio acid is also 
produoed by sodium-amalgam, and by zinc-dust 
and ammonia. —4. Ammonia at 190° forms 
amido-antliraquinone.—5. Distillation of the 
sodium salt produces, besides small quantities 
of anthraquinone and oxyanthraquinono, chiefly 
a compound C^H/A which melts far above 
300°. This compound forms minute reddish- 
yellow needles (from glacial HOAo), si. sol. IIOAc, 
toluene, phenol, and aniline, v. si. sol. alcohol. 
At a high temperature it may be sublimed. It 
is insol. alkalis, but forms a crimson solu¬ 
tion in cono. H 2 SO,. Distilled with zino dust 
it yields anthracene. Fused with potash it 
gives alizarin. Its constitution is perhaps 

C i H t :(CO) I :C,H 1 O.C a H 3 0:(CO) 2 :C„Hv chrom ‘ jc 

acid oxidisos it to colourless C,.H,0,, 1290 1, 
possibly C„H < :(CO) 2 :C II H.,0 2 . This forms trans¬ 
parent plates, insol. aqueous alkalis, v. si. sol. 
boiling benzene, si. sol. acetic acid, m. pol. 
aniline. It may be sublimed. Alcoholic KOH 
forms a violet solution decolorised by shaking 
with air. Distillation with zinc dust produces 
anthracene (A. G. Perkin a, \Y. H. Perkin, iun 
B. 18, 1723; C. J. 47, 682). 

Salts.—BaA' 2 aq; small leaflets, si. sol. 
water.—CaA ' 2 2aq; si. sol. water.—NaA'aq: 
white leaflets, si. sol. water. 

Chloride C, ,II,0..S0 2 C1. [193°]. Light 
yellow plates; sol. benzene and acetic acid, v. 
si. sol. alcohol and ether. Converted by di- 
methyl-aniline into the sulphone 
0„H I 0 2 .S0 2 .C li H,NMe 2 . [171°]. 

Amide C M H T 0 2 .SO,,Nn 2 . [261°]. Jjongyellow 
needles; almo^ insoluble in alcohol, ohloroform 
and CS 2 . 

Anilide C l( H,0 2 .S0 2 NHPh. [198°]. Long 
prisms; sol. alcohol and acetic acid. 

Additional References.— Liebermann, A. 212, 

42; B. 12,189,1293, 1597; MoHoul, B. 13,691 
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(a)-Anthraqulnons diiulphoaio add 
0|«fi*Oj(SO,H)j. When anthraquinone (1 pt.) Is 
heated with fuming H 2 SO, ( 2 $ pts.) at 170°, or 
when diohloro-anthracene or di-bromo-anthra- 
ceno is similarly treated, a mixture of (a) and 
(0) disulphonio acids is got. The salts of the (a) 
aoid are less solublo and less crystalline than 
those of the (0) acid. The (a) acid is converted 
by potash-fusion into anthraflavin (di-oxy-anth- 
raquinone), oxy-anthraquinone sulphonic aoid,- 
and flavopurpurin (tri-oxy-anthraquinone). 

Salt s.—Na,A" 7aq—BaA" aq.—PbA" aq. 
(0)-Anthraquinone di-sulphonic acid. Pre¬ 
pared as abovo. Potash-fusion produces iso-anth- 
raflavin (di-oxy-anthraquinone) and iso-purpurin 
(tri-oxy-anthraquinone). The sodium salt 
heated with NH,Aq at 180° produces 
CiiHjfOHJfNH-XSOjH) (Bourcart, Bl. [2] 33,264). 
Salt s.—Na.A" 4aq.—BaA" 2aq.—PbA" aq. 
X-Anthraqumone-disulphonio acid C. .H.O.S. 
i.e. C 8 H a (SO,H):(CO) 2 :C t H 3 -SO a H. Prepared by 
oxidation of ( 0 )-anthracene-di-sulphonio acid. 
On fusion with KOH it first gives chrysazin (di- 
oxy-anthraquinono) and then oxyohrysazin (tri- 
oxy-anthraquinone). 

Salts.—Na. ; A"4aq: yellow prisms. 
(p)-Anthraquinone-disulphonic acid 
O u H,O.S 2 i.e. [ 3 ‘] C s H j (SO;H)(CO) 2 C s H,SO,H 
[2 6 ] • Prepared by oxidation of (a)-anthra- 
cone-disulphonic acid. On fusion with KOH 
it first gives anthrarufin (di-oxy-anthraquinone) 
and then oxy-chrysazin. Salts.—Na-^/'Caq: 
yellow leaflets, sol. water. 

References.— Graobo a. Liebermann, A. 160, 
134; B. 3, 636 ; 7, 805; Liebermann a. Dehnst, 
B. 12, 1288; Perkin, C. N. 22, 37; A. 158, 323; 
Schunck a. Roomer, B. 9, 379; 10, 1821. 

ANTHRAQUINONE CHLORIDE v. Anthb*- 
OUINONE, Formation 9. 

ANTHRARUFIN v. Di-Ox y-ant IuuquixoNH. 
ANTHROL C u n,„0 i.e. C a H,(CII,)O fi H,OH. 
Formation.— 1 . From oxy-anthraquinone and 
III.—2. By fusing anthracene suiphonio aoid 
with potash. 

Preparation. —Crude sodium anthraquinone 
sulphonate (1 pt.) is heated on a water bath for 
a few hours with 1 £ pts. of zinc-dust and 7 pts. 
of cone, ammonia; the anthraceno sulphonate 
thus obtained is fused with NaOH. Leaflets or 
needles (from dilute alcohol). Insol. water, v. sol. 
alcohol, acetone, or ether. Decomposes at 200°. 
Insol. in NH,Aq, soluble in KOHAq or baryta- 
water, forming a yellow solution with green fluo- 
rescenco. Its alcoholic solution shows a violet 
fluorescence. Cono. ILSO, gives a yollow so¬ 
lution, turned blue by heat. A drop of faming 
HNO, added to its solution in glacial acetio aoid 
gives a transient green colour. Its alcoholio 
solution reduces warm AgNO.,. 

Acetyl derivative [i98°J. Mieroscopio 
leaflets. Difficultly solublo in cold acetio aoid, 
easily in C u H ti . CrO, in HOAo converts it into 
the acetyl derivative of oxy-anthraquinone. 

Ethyl derivative [146°]. Needles. 
Methyl derivative [ 0 . 178°]. 

References.— Liebermann a. Hdrmann, B. 12, 
589 J L. a. Hagen, B. 15,1427 i L. a. Bollert, B. 

15, 226; L., A. 212, 26, 49. 

Isomcrides have been described by Linke. J. 
pr. (2) 11, 227. 
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ANTHBOL-SULPHONIO ACID 

CiA(OH)(SO,H). Formed by careful fusion of 
•nthraoene-di-sulphonio aeid with KOH. 

Salts.—A'Na: crystals si. sol.cold water.— 
A',Ba: plates or needles (Schuler, B. 15,1808). 

ANTHBOPIC ACID. Shown by Hcintz (P. 
84, 238 ; 87, 233) to be a mixture of palmitio 
and Steario acids. 

AHTHBOPOCHOLIC ACID C lt H M 0 ( 2aq. 
[145°]. («)„ 50°. The oholic acid of human 
bile. The bile is extracted with alcohol; evapo¬ 
rated ; extracted with dry alcohol, and the pp. 
(probably a mixture of sodium glyco-, and tauro-, 
anthropocholates) is decomposed by boiling with 
barytji-water (Bayer, 1L 3, 293). 

Properties.— Groups of prisms, insol. water, 
v. e. sol. alcohol, v. sol. ether, m. sol. chloroform. 
Lsvorotatory. Fusion changes it into an amor¬ 
phous dy sly sin C, 8 II.„0,. 

Salts.—KA': v. o. sol. water.—BaA' 2 (? Aq): 
silky plates, si. sol. water. 

ANTHBOXAHIC ACID 

.C—CO,H 

O s H s NO,t.e.C a H/|>0 (?) 

'N 

(191°). Obtained by oxidation of anthroxanic 
aldehyde with dilute KMnO, (Scliillinger a. 
Wleiigcl, B. 1C, 222-1). White feltod needles. 
Sol. acetone and hot water, v. b1. sol. cold water, 
si. sol. alcohol, ether, and benzene. Strong acid. 
On reduction with FeSO,and NH 3 it yields isatic 
acid. 

ANTHBOXAHIC ALDEHYDE 

.C-CHO 

CANO, i.e. C a H / | >0 (?) 

'N 


8. Mem. 8, 57). B.H. (0°.100°) -0495 (Bunsen 
P. 141, 1); -0523 (Kopp, A. Suppl 8, 68) j 
(0°-33°) -049; (- 21° to 0°) -048 ; (- 75° to - 21°) 
•047 (Pebal a. John, W. 27, 684). O.E. (oub. 
0°-100 3 ) -003161 (Matthiessen, P. 130, 50) x 
(lin. 40°) -00001152 (Fizeau, C. It. 68, 1125). 
T.O. (Ag=100) 4-03 (Lorenz, W. 13,422). E.O. 
(Hg at 0° = 1) 2-05 at 0°, 1-42 at 100° (Lorenz, 
l.c.). Chief linos in spectrum, 6128-6, 6078, 
6003-5 (Tlial6n, A. Ch. [4] 18, 243). Crystallises 
in rhombohedra, approaching cubes (Marx, S. 
69, 211); isomorphous with As, Bi, and Te. 

Occurrence.— Native; but chiefly as sulphide 
Sb„S, ( Stibnite ), and as double sulphide with 
PbS, CuS, Ag a S, NiS, Ac as oxide in small quan- 
tities; in various iron ores; in ferruginous 
mineral waters; in some gas coals; in certain 
river sands (Campbell, P.M. [4] 20, 801; 21,318). 

Preparation.- -The sulphide is fused, tosepa- 
rate gangue, and roasted in air; the oxide thus 
produced is reduced by heating with charcoal or 
coal. Or the sulphide is reduced by charcoal or 
by iron. The crude metal (16 parts) is purified 
by fusion with dry Na.,C0 3 (2 parts) and Sb.S, 
(1 part), for an hour in a Hessian crucible; the 
regulus is separated and again fused for an hour 
with 1* parts Na a C0 3 , and this is repeated with 
1 part NaX0 3 a second time (Bensch, A. 5,20). 
Or the crude metal is fused with NaN0 3 and 
Na a C0 3 (details, v. Meyer, A. CG, 238). Pure Sb 
is prepared by Dexter (J. pr. 18, 410) by fusing 
dry H 3 SbOj with lampblack, and then with a 
little Sb 2 0 3 . Capitaino (P. 100, 503) prepares 
the pure metal by heating tartar-emetic in a 
closed crucible. Bongartz (B. 16, 1942) digests 
pure SbCl 3 with (NH 4 ) 2 SAq in Pt vessels, 
electrolyses, fuses with pure Na 2 CO.„ treats with 
dilute IIClAq, cleans with sdh sand, and dries. 
Cooke (P. Am. A. [2] 5,1) reduces NaSbO s by 
KCN, and fuses the Sb under Sb 2 O s for several 


[73°]. Obtained by heating a solution of o-nitro- 
(£)-oxy-cinnamic acid in an equal weight of 
acetic acid to 100° for a few hours, diluting the 

product with water, neutralising with CaCO.„ j hours. Pure crystalline Sb may lie obtained, 
distilling with steam, and extracting the distillate according to Pfeifer(A. 209,161), by electrolysing 
with ether. Long yellowish needles. Sublimable. \ a Bolution of SbCJ 3 in HCIAq containing not 
Volatile with steam. Easily soluble in hot water j more than 7 p.o. SbCl 3 . Metallic antimony 
an “J? “OS* ?( her solvents except ligroine. seems to have been known sinco the end of the 

The addition of zinc-dust to the dilute i 15th century. The sulphide was known to the 
ammoniacal solution produces a reddish-violet ■ ancients as Stibium. 
colouration. It combines with bisulphites and | 
reddens fuchsin-sulphurous acid. With anilin- 


it yields a crystalline anilide which melts at 
about 40° (Schillinger a. Wleiigel, B. 16, 2222). 

DI-ANTHBYL-FOBMAMIDINE v. Anthiia- 
mine, reactioT. 3. 

ANTIABIN C H H 2 „O s 2aq (?). (22r). Poison¬ 
ous Bubstance ill the milky juice of Antiaris toxi- 
caria or Upas Antjar, used to poison arrows 
(Mulder, A. 28, 304; Ludwig a. do Vry, Z. 1869, 
351J Pelletier a. Caventou, A. Ch. 20, 57). 

ANTIMONIDES. — Binary compounds, or 
rather alloys, of Sb with more positive metals. 
Most (A these bodies are of somewhat vague 
compositions; some occur as minerals (t>. Anii- 
monv, Combinations, No. 10). 

ANTIMONY. Sb. (Antimonium, or Stibium 
nutallicum; Regulus antimonii). At. w. 120. 
Mol. w. probably 120, v. Biltz a. Meyer, B. 22, 
725. [about 425°] (between 1090° and 1450') 
(Carnelley a. Williams, C. J. 35, 566). S.G. 6-71 

to 6-86; ° “°, 6-697 (Schr6der, J. 1859. 12) 
8.G. (melted) 6-53 to 8-65 (Playfair a. Joule, C. 


Properties. —Brittle, hard, silver-white, metal- 
like; easily crystallised, isomorphous with As 
and Te, melts easily [425°]; volatilises at bright 
red heat in open vessel with simultaneous pro¬ 
duction of Sb,O a ; scarcely volatilises in absence 
of air; but slightly \olatile in vacuo at 292° 
(Dcmar^ay, C. it. 95, 183); may be distilled in 
H at white heat. Unchanged in air at ordinary 
temperatures; melted on charcoal before blow¬ 
pipe and then exposed to stream of air, pure Sb 
burns easily to S; if traces of load or iron 
are present a yellow or reddish sublimate is 
produced on burning before blowpipe. By 
electrolysis of SbCl 3 in HCIAq, under special con¬ 
ditions, a lustrous silver-like deposit is obtained 
on the negative electrode; this deposit when dry 
explodes when rubbed with a hard substance, 
or when bfeated to 200°, with formation of 
clouds of SbCl, ; a similar changp occurs when 
the deposit is heated under water to 75°, but at 
ordinary temperatures it may be rubbed with a 
hard body under water without change. This 
so called explosive antimony oontains Sbd. 
varying from 8 to 20 p.o. A similar W- 
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plosive aabstance la obtained by electrolysing 
8bBr,in HBrAq, or Sbl, in HIAq; the former 
contains 18 to 20 p.o. SbBr 8 , it explodes at 
160°; the latter contains 22 p.o. HI and 
also Sbl 8 , it explodes at 160° (Gore, Pr. 9, 70 
and 304; ibid. C. J. [2] 1, 305; Bottger, J. pr. 
73, 484 ; 107, 43). According to Bottger (O. C. 
1876. 074) explosive antimony also contains 
occluded hydrogen. 

The atomic weight of Sb has been deter¬ 
mined (i.) by analysing and determining Y.D. of 
certain gaseous compounds, particularly SbCl s 
and Sb(CH 3 ) 3 ; (ii.) by measuring the S.H. of 
8b; (iii.) by comparing isomorphous compounds 
of Sb, As, and Bi; (iv.) by analyses of Sb.,S 3 
(Schneider, P. 98, 293), SbCl 3 (Weber, P. 98, 
455; Dexter, P. 100, 503; Duinas, G. It. 40, 
951; Kessler, P. 95, 204, 113, 134), SbBr 3 
and Sbl 3 , and by synthesis of Sb.,S 3 (Cooke, 
P. Am. A. [2] 5, 1; 7, 251; 9, 1; B. 13, 951) 
(comp, also Kessler, B. 12, 1044; Schneider, 
J. pr. [2] 22, 131; and Bongartz, B. 16, 1942). 
Some of the earlier determinations gave the 
number 122; but the researches of Cooke have 
established the value 120. The atom of Sb is 
trivalent in gaseous molecules, SbCl 3 , Sb(CH 3 ) 3 . 
Antimony combines with oxygen and chlorine 
with production of heat: [Sb 2 ,0 :i , 311*0] = 107,420, 
[Sb 2 , 0\ 3H-0] = 228,780, [Sb, Cl 3 ] - 91,390, 
[Sb, Cl 4 ]»101,870 (Th. 2, 240). Antimony is 
oxidised by strong HN0 3 , or by heating with 
various metallic oxides, e.g. Mn0 2l Pb() 2 ; hot 
cone. H.S0 4 forms Sb 2 .3S0 4 ; Sb combines with 
Cl or Br with production of light. Pure Sb is 
unacted on by HClAq out of contact with air; 
in presence of a little HNO a Aq solution pro¬ 
ceeds rapidly (Cooke, P. Am. A. [2] 6, 1). 
Antimony forms three oxides Sb 4 O e , Sb 2 0 4 , and 
Sb 2 0 5 ; various compounds corresponding to the 
first and third are known. Antimony is more 
metallic than arsenic, whether considered 
physically or chemically. Hydrated antimo- 
nious oxide, Sh,0 3 .3ILO( = Sb(OH) 3 ), is known, 
and reacts as a feeble base; if one-third part of 
the H is replaced by K the remaining Oil groups 
may be replaced by the residue of tartaric acid, 
with formation of Sb.GK.C 4 H A O a (v. Antimonious 
oxide, Reactions, No. 4). Various compounds 
of Sb,,O g with SO s (v. Antimonious oxide, Re- 
actions , No. 3), aud at least ono with N 2 0 4 
are known. A few unstable salts derived frqm 
tho hypothetical hydrate SbO.OII f = Sb 2 0 3 .II 2 0) 
are known, so that Sb.X), acts both towards 
strong acids and strong alkalis as a feeble salt- 
forming oxide: thus [2IiClAq,2Sb'-'0 3 Aq] = 4,720; 
whereas [2HClAq, 2Na 2 OAqJ = 25,500 (Th. 2, 
241). The thio-antimonites are few in number and 
their stability is decidedly less than that of the 
thio-arsenites. The compounds of Sb which most 
decidedly exhibit negative or acidic functions are 
Sb 2 0 A and Sb 2 S*; the same holds good for As. The 
haloid compounds of Sb form many well-marked 
double salts. Many oxyhaloid compounds are 
also known. SbH 3 does not combine with 
acids, but compounds of the type SbR 4 X where 
K-C.Ha,.,, an^ X is a halogen or even OH, 
have been propared (v. Antimony, Compounds 
with organic radicles). For further discus¬ 
sion of the chemical relations of Sb, v. Bismuth, 
COMICAL RELATIONS Of J and NITROGEN GROUP Of 
ELEMENTS. * 


Reactiont.-r 1. Water is no* decomposed at 
ordinary temperatures by Sb; but at a red heat 
it reacts with steam to produce oxide of Sb and 
H.—2. Dilute nitric acid digested with finely 
powdered Sb forms a compound of Sb 4 0 6 with 
N 2 O s ; stronger acid forms chiefly Sb,O s .aTIjO 
and Sb 2 0 r —3. Sulphuric acid reaetswith Sbonly 
when cone, and hot; S0 2 is evolved, and a com¬ 
pound, or compounds, of Sb 2 0 ; , with SO, pro¬ 
duced.—4. By the action of aqueous sulphurous 
acid at 200° in a closed tube Sb 2 S 8 is produced. 
6. Hydrochloric acid fonns SbCl 3 when heated 
with powdered Sb; in absence of air no action 
occurs (Cooke, P. Am. A. [2] 5, 1).—C. Aqua 
regia dissolves Sb forming SbCl 3 .-- 7. Solid 
phosphoric acid and carbon heated with Sb form 
phosphide of Sb.—8. Alkali nitrates and chlo¬ 
rates heated with Sb form alkali antimonates 
and generally also Sb 2 0 8 .—9. Alkali sulphates 
form Sb 2 S 3 , alkali sulphide, alkali antimonate, 
and Sb 2 0 3 . 

Combinations. — 1. With nascent hydrogen 
SbTl r , is formed (q. V.). — 2. With chlorine, 
bromine, or iodine, the compounds SbCl 3 and 
SbCI., SbBr 3 , and Sbl, are produced (q. v.). — 
3. With fluorine (action of HFAq on Sb 4 O fl 
and Sb 2 O v 3TLO) SbF., and SbF 5 are formed 
(q. v .).—4. Sb combines with oxygen to form 
S1>,0„ and Sb 2 0, (q. v.); Sb 2 0 5 (q. v .) is pro¬ 
duced by the action of cone. IIN0 3 .- -5. The 
sulphide Sb 2 S 3 (q. v.) may be obtained by heat¬ 
ing Sb with sulphur ; the pentasulphide Sb 2 S ff 
(q. v.) is best produced by decomposing Na 3 SbS 4 
by an acid.— 6. Heated with selenion Sb 2 Se, 
is formed as a greyish metal-like solid (Berze¬ 
lius ; also Hofacker, A. 107,6 ; v. also Uelsmann, 
A. 116, 124). Sb 2 Se 3 fused with Se and an alkali 
forms alkali seleno-antimonato (e.g. Na 3 SbSo 4 ); 
tl)is compound is decomposed by acids, in 
absence of air, with ppn. of brown Sb 2 Se s . 
(Hofacker, l.c.). — 7. With tellurium (Oppen- 
hoim, J. pr. 71, 277) Sb forms either iron-grey 
SbTe, or tin-white Sb 2 Te s (S.G. of latter 
122 = 6‘47-6*51; Bodeker a. Giesecke). — 

8. Phosphorus is said to combine with Sb to 
form a tin-white brittle phosphide containing 
15-5 p.c. P (Landgrebe, S. 53, 469). By the 
action of P (in CS 2 ) on SbBr 3 (in CS 2 ) a red 
powder, PSb, is obtained (Macivor, B. G, 1362).— 

9. Sb combines with arsenic , by fusion under 
boric acid, to form crystalline Sb 2 As (Descampes, 
C. R. 86, 1065). The compound Sb 2 As, occurs 
native as allamontitc. — 10. Antimony forms 
alloys with many metals ; they are usually pro¬ 
duced by melting together Sb and tho specified 
metal. The alloys with K and Na are produced by . 
fusing Sb with K 2 C0 3 (or Na.CO,) and C, or by 
reducing Sb 4 0 8 with KH.C 4 H 4 0 6 at high tem¬ 
peratures; they decompose water with evolutioa 
of H and separation of Sb ; if containing much 
K or Na they take fire in the air. The alloys 
of Sb are usually lustrous, hard, and brittle. 
The alloys with Cu and Sn will be described 
under those metals. An alloy of iron is formed* 
when Sb 2 S s is reduced with excess of Fe; a mix¬ 
ture of 7 parts Sb and 3 parts Fe heated to white¬ 
ness in a charcoal-lined crucible produces a very- 
hard white alloy. Gold loses its malleability 
by the presence of about ^ of Sb. Lead 
alloys with Sb in all proportions; the lead i» 
hardened ; type metal is an alloy of about 
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17-20 parts 8b with lead and sometimes Bi or 
8n (». Lead, alio-ss or). With nickel two alloys 
are known; NiSb sublimes in prisms; Ni 2 Sb 
occurs as breithauptite containing a little Fe 
and PbS. Two alloys with silver, Ag,Sb and 
Ag,8b, oocur native as antimonial silver. With 
tine at least two crystalline alloys of definite 
composition are known, SbZn, and SbZn 2 (Cooke, 
Am. S. [2] 18, 229; 20, 222). 

Many of these alloys are used in manufac¬ 
tures. Antimony compounds are also used in 
medicine. 

Detection.— Most Sb compounds are insoluble 
in water and in excess of cone. HNO,Aq, but 
many dissolve in HClAq, especially if tartario 
acid is added; insoluble compounds may be 
dissolved by fusion with KNO a and K 2 C0 3 and 
treatment with HClAq; when Sb compounds 
are fused with NaNO, and Na 2 C0 3l NaSbO,, in¬ 
soluble in water, is formed. 

In dry way. Heated on charcoal with Na 2 C0 3 
sndKCN.all Sb compoundsyield a brittlelustrous 
metallic bead. In the upper reduction-flame of 
the Bunsen lamp, Sb compounds give a green 
colour to the flame; in the oxidation-flame, a 
white oxide film is obtained (on porcelain) which, 
moistened with neutral AgNO,Aq and then blown 
on with ammoniacal air, gives a black spot 
<Ag,0). 

In wet way. I. Antimonious com¬ 
pounds. (i.) Sulphuretted hydrogen pps. orange- 
red Sb 2 S, from acidulated solutions, soluble in 
KOHAq or NaOHAq, less soluble in NIIjAq, 
insoluble in NH,HCO,Aq, soluble in K z SAq and 
(NH ( ) 2 SAq, insoluble in dilute acids, but dis¬ 
solved by boiling with cone. HClAq. Dilute tartar 
emetic solution is not ppd. bylI 2 S,the liquid turns 
red; cone, solutions are completely ppd. (Schulze, 
J. pr. [2] 27, 320). (ii.) Heated with gold chloride 
solution in presence of HClAq, Au is ppd. along 
withSb 2 O s . (iii.) Caustic and carbonated alkalis 
pp. white Sb,0, soluble in KOIIAq arid 
NaOHAq; the ppn. is slow and incomplete in 
presence of tartario acid, (iv.) Zinc pps. Sb as 
a black powder; in presenco of acids and Pt 
the Sb is deposited on the Pt, and a little SbH, 
is also formed; the deposited Sb is insoluble in 
cold HClAq, but easily dissolves in HNO s Aq. 
(v.) Zinc and iron powder, added to a solution of 
an antimonious compound in cone. NH,ClAq con¬ 
taining NHjAq, ppt. Sb on the Zn without pro¬ 
duction of any SbHj; under similar conditions 
arsenious compounds yield AsH,. (vi.) Zinc and 
dilute II,Sb,Ag, in absence of IINO,Aq, evolve 
H, mixed with SbH,, which may be burnt in air 
with production of Sb„0 3 , or decomposed by heat 
into Sb and II, or led into AgN0 3 Aq whereby 
silver antimonide is ppd. mixed with Ag, or 
passed over S in sunshine whereby orange Sb 2 S 3 
Is formed ( v. Jones, C. J. [2] 14, 049 ; this is a 
very delicate test; v. Marsh's test for arsenic, 
under Aksenic, Detection or). (vii.) Dissolvedin 
KOHAq, and treated with silver nitrate, a brown 
black pp. is obtained, from which NH 3 Aq re¬ 
moves Ag.O, leaving black Ag,0. 

II. Antimonic compounds. — (i.) Sul¬ 
phuretted hydrogen pps. orange-red Sb 3 S, from 
acidulatod solutions, soluble in KOHAq, in 
K 3 C0 3 Aq, in (NH,)j8Aq, and more slowly in 
NH,Aq. (ii.) Heated with hydrochloric acid 
and potassium iodide, Sbl, and I are formed 


(Sb,O,+10KIAq-2SbI l Aq + 6K 3 OAq+4I). As 
antimony trioxide has no action on KI, this re¬ 
action may be used to detect Sb 2 0 s in Sb 3 0,. 
(iii.) Gold salts, chromates, and permanganates, 
are not reduced by antimonio compounds; nor 
is AgNO,Aq acted on (compare tests (ii.) and (vii.) 
for antimonious compounds). (Iv.) Towards 
sine, or iron, and acids, antimonio compounds 
behave similarly to antimonious (v. Antixtonoso- 
antimonio oxide). Antimony totroxide Sb 2 0 4 
gives the reactions both of Sb 2 0 3 and Sb 2 0 5 ; an 
alkaline solution reduces AgN0 3 Aq and AuCl,Aq 
slowly. 

(For details of procedure in eases of suspected 
poisoning by Sb compounds a manual of toxi¬ 
cology must be consulted, e.g. Taylor On Poisons, 
or Taylor’s Medical Jurisprudence.) 

Antimony may be separated (qualitatively) 
from tin and arsenic by treating the sulphides 
with cone. (NH,)HC0 3 Aq, which dissolves only 
As.,Sj, then dissolving the SnS (or SnSJ and 
Sb 2 S 3 in cone. HClAq, boiling off IPS, ppg. Sb in 
one portion by Zn, reducing SnCl 4 to SnCl 3 in 
another portion by boiling with Cu turnings, and 
ppg. by HgCl.Aq; or the solution containing 
SbCl 3 and SnCl, may bo diluted and boiled with 
a slight excess of iron wire whereby Sb is ppd. 
and SnCl 4 is reduced to SnCl 2 (Classen, J.pr.93, 
477). Sh,S 3 is completely converted into SbCl, 
by dry HC1 at ordinary tomperatures, whereas 
SnS is unacted on (Tookey, J. pr. 88, 435). A 
little As in Sb compounds may bo detected by 
fusing with 2 pts. Na 2 C0 3 and 4 pts. NaN0 3 , and 
dissolving in water, Na 3 As0 4 goes into solution 
and NaSbO, remains. 

Estimation. —I. Gravimetric methods. 
Antimonious compounds are ppd. by H 2 S in 
presence of HClAq and tartaric acid, excess of 
H.S is removed by CO., the pp. of Sb 2 S 3 is col¬ 
lected (after boiling for 15-20 mins.; Sharpies, 
Fr. 10, 343), on a weighed filter, dried at 100° 
and weighed; a portion is then dried by heating 
in a stream of dry C0 2 and again weighed; if a 
portion of the pp. dried at 100° yields S on 
treatment with hot cone. HClAq, the pp. con¬ 
tains Sh.Sj or free S; in this case the other por¬ 
tion must be heated in dry C0 2 until S is no 
longer volatilised; the residue is now pure Sb 2 S, 
(v. also Cooke, P. Am. A. 13,1; 17,13). Or the 
pp. of Sb 2 S 3 (perhaps mixed with Sb,,S 3 and S) 
may be converted into >Sb.O, by treatment with 
cohc. HN0 3 Aq (for details v. Hunsen, A. 106, 3). 
Schneider (P. 110, 634) decomposes the Sb 2 S, by 
HClAq, leads the n 2 S into an alkalino solution 
and determines it by volumetric methods (iodine 
method, or ppn. by excess of titrated As.0 3 Aq 
and determination of excess of As 2 0 3 by iodine). 

II. Volumetrio methods, (i.) Antimo- 
nious compounds are oxidised to antimonic by 
iodine in alkalino solutions (Sb 2 0 3 + 41 + 2H 2 0 = 
Sb-Oj + 4111). NaIIC0 3 Aq is the best alkaline 
solution; titrated I solution is run in until a 
blue colour is produced with starch, (ii.) Anti¬ 
monious compounds arc oxidised to antimonio 
in presence of tartario acid, by KjMn.O, solution 
(attention must be paid to details, v. Guyard, VI. 
6, 89). For other methods of estimating Sb, 
especially in presence of As, or of As and Sn t>. 
Bunsen, A. 106, 3; 192, 317; Clarke, Am. S. [2) 
49, 43. 

References.— In addition to those in the text) 
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she following older memoirs ere important:— 
Bergmann, Opmc. 3,164; Th6nard, A. Ch. 32, 
257; Proust, 0. A. 25, 186; Berzelius, S. 6, 
144; 22, 69; 34, 58; P. 20, 365; 37, 1G3 ; Ber- 
thier, A. Ch. [2] 22, 239; 25, 379 ; H. Hose, P. 
3, 441; 42, 532; 24,165 ; Vauquelin, S. 21, 219. 

Antimony, acids of, and their salts (compare 
arts. Acids; Acids, basicity of; Hydroxides). 
The oxides Sb 2 0 4 and Sbp s arc scarcely soluble in 
water, but each reddens moist blue litmus paper; 
the oxide Sb 4 0 6 is slightly soluble in water, but 
is without action on litmus. A few feebly marked 
salts are known which may be regarded as de¬ 
rived from the hypothetical hydrate Sb 2 0 3 .Hp 
( = SbO.OII); two sodium salts, so-called anti- 
tnonites, aro obtained according to Terreil (A. Ch. 
[4J 7,380) by dissolving Sb 4 0 (i in boiling NaOHAq 
and allowing to cool (v. infra). Two hydrates 
of Sb 4 0 6 , viz. Sb 4 0 e .4II,0 and Sb 4 O fi . 6 Iip have 
been obtained (v. Antimonious oxide) ; but 
neither seems to possess acidic properties. Tho 
oxide Sbp u reacts with NapO s when the two 
are fused together, but on adding water Sb,O b . 
is ppd. and NaOII remains in solution. The 
acid-forming character of Sb 4 O fl is therefore ex¬ 
tremely feeble (v. further Antimonious oxide). 

No hydrato of Sh,0 4 is known; but by 
fusing this oxide with KOI! or K 2 C0 3 , a com¬ 
pound, Sb 2 0 4 .Kp, insoluble in cold water, is 
produced; by dissolving this in hot water and 
adding various metallic compounds, several 
compounds of Sbp, with metallic oxides, e.g. 
Sb 2 0 4 Ca0 and Sb.p 4 .CuO (which both occur 
native as romcTte and ammiolite respectively 
[? merely mixtures]) are obtained. A solution 
of Sb 2 0 4 in KOIIAq (obtained by fusion) is 
easily decomposed: e.g. on boiling and then 
diluting, Sb„0 3 is ppd. and Sbp 3 .®Hp is then 
thrown down on addition of acids; on standing 
in air, without boiling, I\Sb0 3 is produced. Tho 
oxide Sh, 0 4 cannot therefore bo regarded as a 
definite anhydride, nor can any acid, or well- 
marked scries of salts, be said to exist corre¬ 
sponding with this oxide (v. Antimony, oxides 
of). 

Threo hydrates of antiinonic oxide aro known 
v. infra ): Sb.O v Hp ( = HSb0 3 ), Sb.,0 5 .2IT.,0 
= H 4 Sb,0 7 ), and Sb,0,.3H,0 (- Ll.SbO',). Tho 
first and third may be obtained from 
H 4 Sb 2 0 7 .2Hp which is a product of the action 
of water on SbCl 5 ; dried over H 2 S0 4 , H 3 Sb0 1 is 
obtained, and at higher temperatures HSb0 3 is 
produced ( v . Antimonates). Several fairly 
marked salts are known, antimonates , derived 
from HSb0 3 ; two series of metantimonates 
(M 4 Sb 2 0. and M 2 H 2 Sb 2 0 7 ) exist (u. infra) ; no 
salts of tho hydrate *Sb.p s .3H 2 0 (= H 3 SbO,) have 
been obtained. Antimonates are usually obtained 
by fusion ; aqueous alkalis dissolve the hydrate 
Sb 2 0 v H 2 0 without change; somemotantimonates 
are produced from the hydrate Sb 2 0 5 .2Hp by 
the action of alkalis in the wet way. Antimonio 
oxido is evidently a feebly marked acid-forming 
oxide. Tho only definite compounds of Sb 
hitherto obtained which exhibit acidiiyiharacters 
are then IlSbO^and H 4 Sb 2 0 7 . 

The following thermal data are given by 
Thomsen [Sb*, O 3 , 3H 2 0] = 167,420; 
[Sb, O 2 , H, H*0] * 117,890; [Sb 2 , 0 s , 3H-0] - 
228,780; [Sb, 0», H, H 2 0]« 145,570; 
[SbO*H\ 0] m 30,680. 


vm. 

I. Antimonites.— Two sodium salts are 
described by Terreil (A. Ch. [4] 7, 880) 
NaSb0 2 .3H 2 0, lustrous octahedral crystals* 
obtained by dissolving Sb 2 0 3 in boiling NaOHAq 
and allowing to cool; NaSb0 2 .Sb 2 0j.H 7 0. 
large crystals, insoluble in water, obtained from 
very concentrated alkaline solutions. 

II. Antimonoso-antimonates. —This name ha* 
been given to the compounds of Sb 2 0 4 with 
metallic oxides; it implies that these bodies are 
compounds of antimonites with antimonates; 
very little, however, is known of their properties. 
Two potassium salts K,0.Sb 2 0 4 (?KSb0 3 .KSb0 2 ), 
and K 2 0.2Sb 2 0 4 are said to be produced, the 
former by fusing Sb 2 0 4 with KOII or Iv.C0 3 and 
washing with cold water, the latter by tho action 
of a little HClAq on tho former. An aqueous 
solution (tho salt dissolves in hot water) of 
K 2 0.Sb 2 0 4 is said to give pps. with various 
metallic salts. These salts might perhaps bo 
regarded as derivatives of the hypothetical 
hydrates Sb 2 0 4 .H 2 0 (= ILSb..O,) and 2Sb 2 0 4 .H.,0 
( = II,Sb 4 O y ); but our knowledge of them is 
almost nil. 

III. Antimonates, and Antimonio acids.— # 
Threo hydrates of Sb 2 O s are known. By ppg. 
K8bO.,Aq by HNO a Aq, washing tho pp. and 
leaving it for a whole summer, Geuther obtained 
the hydrato Sb 2 0 6 .3Iip (- H 3 Sb() 4 ) (J. pr. [2] 
4,438) : at 175° this hydrato gives HSbO, 

( = Sb 2 0 5 .H,0). The hydrate Sb.Oi.2Hp 
( = H.,Sb.p 7 ) is obtained by adding hot water to 
SbCl 5 , and drying tho pp. of II 4 Sb 2 0 7 .2Iip at 
100°; it is also produced by decomposing the 
salts M 4 Sbp, by acids: this hydrate is easily 
decomposed to HSbO.,, even by standing in 
contact with water (Dubrawa, A. 186. 110; 
Conrad, C. N. 40, 197). HSb0 3 may also be 
obtained by decomposing MSbO a by acids, or by 
oxidising Sb by HN0 3 . The hydrate HSb0 3 is 
slightly soluble in water, insoluble in NH s Aq, 
and easily soluble in KOIIAq ; II 4 Sbp 7 is more 
soluble in water, and dissolves in both NH 3 Aq 
and KOIIAq: little is known of the hydrate 
Sbp v 3Hp. The antimonates belong to the 
two types MSbO s , and M,Sb 2 0 7 ; the former are 
usually called antimonates, the latter metanti- 
monates. 

Antimonates: investigated by Berzelius, 
then by Fremy (A. Ch. [3] 12, 499; 22, 404), 
and by IlelTter (P. 80, 418; 98, 293). These 
salts are obtained by fusing Sb or Sb 2 0 8 with 
nitrates, or HSb0 3 with carbonates, or by double 
decomposition from the K salts; aqi&ous alkalis 
dissolve HSbO, without change. Some of the 
K and NII 4 salts are soluble in water, the others 
are slightly soluble or insoluble. The normal 
antimonates are converted into acid salts by the 
action of weak acids ( e.g. C0 2 Aq), they are 
decomposed by stronger acids with separation of 
HSb0 3 ; tho antimonates are decomposed by 
fusion with NH 4 C1, the whole of the Sb being 
volatilised as SbCl 3 ; those which aro soluble in 
water or acids are decomposed by (NH 4 ) 2 SAq, 
with production of thio-antimonates. 

Ammonium antimonate NH 4 SbOj.2Hp; 
white crystalline powder, insoluble in water, 
easily decomposed with loss of NH S : obtained 
by dissolving HSbO a in warm NH s Aq. 

Barium antimonate Ba(Sb0 3 ) 2 ; obtained by 
adding BaCl^Aq to KSbO a Aq; pp. at first ii 





Gooculent but becomes crystalline. By adding 
BaCljAq to boiling NaSbO,Aq a flocculent pp. 
of Ba(Sb0,) 2 .6H 2 0 (air-dried) is obtained. 

Potassium antimonates. —The normal salt 
KSbO, is obtained by fusing 1 part Sb with 4 
arts KNO s , and washing with hot water; it 
issolves after long boiling with water, and is 
obtained as a mass of white crystals when the 
solution is evaporated until a crust forms. 
Another form of this salt is described by Fremy 
as a gummy mass, obtained by evaporating the 
foregoing solution nearly to dryness, or more 
easily by long-continued fusion, either alone or 
with KOH or K 2 C0 3 , of the product obtained by 
melting together 1 part Sb and 4 parts KN0 3 . 
Thcgum-like salt dried in vacuo is 2KSb0 3 .5IL0, 
it is easily soluble in hot water; dried at 160° it 
leaves 2KSb0 3 .3H 2 0 which is changed to the 
gum-like salt by boiling with water; at a red 
heat all the water is removed, and the product is 
gradually changed to the gum-like salt by contact 
with hot water. When the normal salt is boiled 
with water, a residue of 2KSb0 3 .Sb 2 0 5 .10II 2 0 is 
obtained; and a similar salt with 6H 2 0 is pro¬ 
duced b) the action of C0 2 on the normal salt 
(Heffter, P. 86, 418; v. also v. Knorre a. 
Olscliowsky, B. 18, 2353). 

Sodium antimonates. — The salt 
2NaSb0.,.7H 2 O is obtained similarly to the 
normal kSb6 3 ; also in octahedra by the action 
of NaOJi Aq on Sb 2 S.. NaSb0 3 .3H 2 0 is said to 
be formed by the action of NaOHAq on Sh.S 3 , 
filtration, and addition of more NaOHAq (v. also 
y. Knorro a. Olschewsky, B. 18, 2353). 

Many other antimonates are described by 
Fremy and Ileffter; the chief are the salts 
Ca(Sb0 3 ).„ Co(Sb0 3 )o,Cu(SbO H )., .511,0, Pb(Sb0 3 ) 2 , 
LiSb0 9t Mg.2Sb0 3 .i2H„0, Hg(Sb0 9 ) 2 , 
Sr(Sb0 3 ).,.6H 2 0, Sn(Sb0 3 ).,2H,0 {v. also Schiff, 
A. 120, 4*7 ; Unger, Ar. Ph. [2] 147,10b). 

Metantimonates. These salts fall into two 
classes—normal salts M 4 Sb 2 0 ; , and acid salts 
M 2 H 2 Sb 2 0 7 ; they are formed from the antimo¬ 
nates by addition of metallic oxide or water 
(2MSbO s + M 2 0 - M 4 Sb 2 0 7 ; and 2M SbO, + H.,0 - 
M 8 H 2 Sb..0 7 ); conversely the metantimonates lose 
M 2 0 (or H 2 0) and form MSbO s . The metanti- 
monates as a class are insoluble in water, the 
alkali salts are crystalline; they are decomposed 
by acids; they have been chiefly investigated by 
Fremy (A. Ch. [3] 12, 400). 

Ammonium metantimonates. —H.,Sb»0 7 dis¬ 
solves slowly in cold NII 3 Aq; a cone, solution 
on addition of alcohol gives the acid salt 
(NH 4 ) 2 H 2 Sb a O ; .5H 2 0; this salt is easily decom¬ 
posed by heating, either in presence or absence 
of water, into (NHJSbO,. The normal salt has 
not yet been Isolated. 

Potassium metantimonates. —By fusing KSbO s 
(best the gum-like salt) with about 3 parts KOH, 
dissolving in water, and crystallising, the salt 
K,Sb 2 0 7 is obtained as deliquescent, easily solu¬ 
ble, crystals. The acid salt K 2 H 2 Sb 2 0 7 .6II 2 0 is 
roduced by decomposing the normal salt by a 
ttlo water (KOHAq is also produced), or by 
dissolving SbCl 3 in excess of KOHAq, oxidising 
by K 2 Mn./),Aq, and crystallising (Reynoso, A. 
Ch. [3] 23, 325); at 200° the dehydrated salt 
K,H 2 Sb 2 0 7 is obtained, and at 300° KSbO s is 
formed. The acid salt is slightly soluble in 
Bold water, more easily in water at 40°-60°, with 


gradual production of the gum-like KSbO,*, an 
aqueous solution of this salt precipitates sodium 
salts. Other metantimonates are described bj 
Fremy (Z.c.). 

Seleno-antimonates.— A few salts are 
known, derived from the hypothetical seleno- 
antimonic acid H 3 SbSe 4 . Na 3 8bSe 4 .9H 2 0 forms 
orange-red tetrahedral crystals, and is obtained 
by fusing Na..CO a , Sb 2 Se 3 , Se, and O; the salt 
Na 3 SbS 3 Se.9H 2 0 is obtained as yellow tetrahe¬ 
dral crystals by boiling Na 3 SbS 4 Aq with Se 
(Hofacker, A. 107, 6). 

Antimony, alloys of, v. Antimony, Combina¬ 
tions , No. 10. 

Antimony, arsenide of, v. Antimony, Combi¬ 
nations , No. 9. 

Antimony, bromide of. SbBr 3 . No other 
bromide is known. Mol. w. 359-28; [90°~94°] 
(Serullas, P. 14, 112). (275°-280°) (Kopp, A. 
94, 257 ; Cooke, P. Am. A. [2] 5, 72). V.D. 180 
(Worcester, P. Am. A. [2] 10, Gl). S.G. 
4-148 (Cooke, l.c .); fused §°° 3*641 (Kopp, l.c.). 
If the vol. of fused SbBr 3 = l for d° = 0°, then 
the vol. at = 1 + *000570d-f *0000013465rf 3 , 
where d = t°- 90° (Kopp, l.c.). H.F. solid Sb, 
gaseous Br,[Sb,Br s J = 76,900 (Guntz, C. R. 101, 
161). 

Formation.— 1. By shaking powdered Sb 
into a retort containing Br and connected with 
a condenser.—2. By distilling a mixture of Sb 
sulphate and KBr (Macivor, C. N. 29,179). 

Preparation. —1. By adding powdered Sb to 
a solution of Br in dry CS 2 at 0°, distilling off 
CS 2 , adding powdered Sb, distilling off tho SbBr, 
and recrystallising it from CS.. (Cooke, P. Am. A. 
[2] 5, 72; Nickl&s, C. It. 48, 837). 

Properties and Reactions. —Deliquescent tri¬ 
metric crystals; a:b:c = ] f *224:l;l*064 (Cooke, 
l.c.) ; sublimes when heated. Decomposed by 
water; cold water produces Sb 4 0 5 Br 2 , hot water 
10Sb 4 O s Br 2 .SbBr ;t (Macivor, C. N. 29,179). The 
compound Sb 4 0 5 Br 2 is also produced by heating 
SbBr 3 with alcohol to 1G0° (Macivor, l.c.). The 
action of air and sunlight on SbBr 3 in CS 2 pro¬ 
duces an oxybromide, probably SbOBr (Cooke, P, 
Am. A. [2] 5, 72). Combines with KOI to form 
SbBr 3 .3KCl, which according to Atkinson is identi¬ 
cal with SbCl 3 .3KBr obtained by action of SbCl, 
on KBr in presence of a little water (C. J. 43,290). 

Antimony, chlorides of. Sb and Cl combine 
directly to form two compounds SbCl, and 
StCl 4 ; the former may be gasified, the latter if 
decomposed by heat at ordinary pressures into 
SbCl 3 + CJ 2 [v. infra). 

I. Antimonious chlokide. SbCI 3 . Mol. w. 
226*11. [73°*2j (Thorpe, C. .7.37,387). (223*5°) 
(210°, Cooke, P. Am. A. [2] 6, 72). S.G. 9* 
2*G753 (Thorpe, l.c.). S.G. 3 0G4 (Cooke, P. 
Am. A. [2] 5, 72). V.D. 115*6. V=» 

1 + *0008054d + *00001032(P, where degrees 
above M.P. (73*2°) (Thorpe, l.c.). [Sb,Cl*]« 
91,390 (Thomsen). 

Formation.— 1. By dissolving Sb,Sb 2 0„ of 
Sb 2 S 3 , in HClAq with a little HNO s Aq, evapo¬ 
rating, an£ then distilling.—2. By the action of 
Cl on Sb 2 S 3 .—3. By distilling together 1 part 
powdered Sb with 2 parts HgCl 2 ; or 3 parti 
Sb 2 S 3 with 7 parts HgCl 2 ; or 1 part Sb 2 (S0 4 ), 
with 2 parts dry NaCl.—4. By distilling 2 parti 
Sb 2 0 9 (impure), with 6 partB dry NaCl, 4 parts 
H 2 S6 4 , and 2 parts H a O and changing th* 
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receiver as soon as the distillate begins to solidify 
on cooling. 

Preparation.—1. By passing dry 01 into a 
retort containing powdered Sb, until most of 
the Sb is transformed into SbCl,; a little more 
Sb is then added, the stream of Cl is stopped, 
and the SbCl 3 is distilled off into a dry receiver. 
Cooke (P. Am. A. [2] 5, 72) saturates warm CS 2 
with SbCl a and cools by freezing mixture. A 
solution of SbCl, in cone. HCIAq (generally pre¬ 
pared by the action of the acid on Sb 2 S 3 ) is used 
in pharmacy. 

Properties. —A colourless, translucent, crys¬ 
talline, mass. Melted and allowed partially to 
solidify, or dissolved in hot CS 2 and cooled, 
trimetric crystals are obtained, a:b:c = 
1263:1:109 (Cooke, P. Am. A. [2] 5, 72). Very 
caustic. Soluble in alcohol without change; 
on healing this solution oxychlorides of Sb 
(q. v.) % HC1, and C 2 H 5 C1, are formed. It absorbs 
moisture from the air and forms a clear liquid, 
from which crystals of SbCl 3 are obtained by 
standing over H 2 S0 4 . 

Reactions. —1. With water various oxychlo¬ 
rides are produced (SbCl, dissolves unchanged 
in a very little water at ordinary temperatures); 
if a little cold water is added (about 2 parts to 
1 part SbCl 3 ), and the pp. is washed with ether, 
SbOCl (q. v.) is obtained (Peligot, A. G4, 280; 
Sabanajew, Bl. [2] 16, 79). When from 5 to 50 
parts H._,0 are added to 1 part SbCl 3 , the com¬ 
pound Sb 4 O a Cl., (q. v.) is obtained (Sabanajew, 
l.c.). Other observations point to a varying 
composition for the product of the mutual action ! 
of SbCl 3 and H a O; by continued washing the 
whole of the Cl may bo removed (v. Dutlos, S. 
67, 268 ; Johnston, J. pr. C, 55 ; Malaguti, J.pr. 
6, 253 ; Peligot, A. 64, 280; Schneider, P. 108, 
407; Schaffer, A. 1*52,314). Thomsen (Th . 2, 
240) gives these data: [SbCl 3 ,Aq] = 8,910 
when Sb 4 O a Cl 2 is formed, and = 7,730 when 
Sb 2 0 3 Aq and HCIAq are formed. According to 
Williams ( C . N. 24, 225) boiling water produces 
10Sb 4 CLO v SbCl 3 . Formation of oxychlorides is 
prevented by tartaric acid.—2. Antimonious 
oxide dissolves in boiling SbCl, to form oxychlo¬ 
rides; SbOC1.7SbCl 3 is described by Schneider 
(P. 108, 407).—3. Alcohol heated, with SbCl 3 in 
proportion C 2 H (| 0:SbCl 3 in a closed tube to 160° 
forms SbOCl; heated to 140° in tho proportion 
SO^OiSbCla, Sb 4 0 5 Cl 2 is formed (Schaffer, A. 
152, 314).—4. Aqueous solution of sodium thio¬ 
sulphate reacts on solution of SbCl 3 to form a 
double compound of Sb 2 0 3 and Sb 2 S 3 , probably 
Sb 2 0 3 .Sb 2 S 3 ( v . Antimony, oxysulmiides of).— 5. 
Boiling SbCl 3 dissolves powdered antimony tri¬ 
sulphide, on cooling a crystalline mass of sulpho- 
chloride, SbSC1.7SbCl s , is obtained ; on washing . 
with alcohol 2SbSC1.3Sb 2 S 3 remains (Schneider, i 
P. 108, 407). 

Combinations. —1. With chlorine; SbCl, is 
formed.—2. Ammonia, forms SbCl,.NH, which 
on warming gives off all its NH,.—3. By 
mixing cone, solutions of SbCl, and alltalim 
chlorides and ovaporating, double salts are 
formed, c.g. 2NH.Cl.SbCl,,; 2(BaClj.Sbtl.).3H.,0; 
8KCl.SbCI 3 ; SbfeCl.SbCl,. With KBr the Balt 
SbCl 3 .3KISr is formed identical with SbBr,.3KCl 
obtained by the aotion of KClAq on SbBr, (Atkin¬ 
son, C. J. 43, 290). 

II. Ahuhonio chiokide SbCl,. Mq). or. un¬ 


known ; vapour obtained by beating oonsists of 
SbOL + Ol* [-6°] (Kammerer, B. 8, 007). S.O. 

2-346 (Haagen, P. 181,117). (79° at 22 mm,; 
68° at 14 mm.) (Anschutz a. Evans, C. J. 49, 
708). 

Preparation.— Powdered Sb is heated in a 
retort in a rapid stream of dry Cl j SbCl, 
(and Cl) distils over, and SbCl, remains. Or 
melted SbCl, is saturated with Cl, and distilled 
in a stream of Cl (or u-ider greatly diminished 
pressure, Anschutz a. Evans, C. J. 49,708). 

Properties.— Colourless, or slightly yellow, 
liquid, with an offensive smell, fuming in moist 
air; solidifies at a low tomperature (<—6°); 
absorbs moisture from air and changes to a 
crystalline mass. According to Anschutz a. 
Evans (O. J. 49, 708) SbCl, may be distillod un¬ 
changed at low pressures. 

Reactions.— 1. Dissolves in a very little 
water ; solution over H.SO, deposits crystals of 
SbCl,.4H..O. Kept cold by ice, ami wator added 
drop by drop in proportion 8bCl,:H,0, SbOCl, 
(g.v.) is formed (Dubrawa, A. 181,118). Addition 
of more water produces SbO„Cl, which is de¬ 
composed by hot water, giving H,Sh.O,.2H,0, 
soluble in HCIAq. Decomposition by H,0 hin¬ 
dered by tartaric acid. Thomsen (Th. 2,212) gives 
the number [SbCl 5 , Aq] = 35,200, when Sb-O.Aq 
and HCIAq are formod.—2, Dry sulphuretted hy¬ 
drogen produces white crystals of SbSOl,, which 
are decomposed by heat into SbCl, and S.,01, 
(Cloez, J. pr. 51, 459).—3. Heated in closed 
tube to 140° with antimonic oxide , in proportion 
3SbCl,:Sb,0„ Sb,OCl„ and Sb,0 4 Cl, (g. v.) are 
produced (Williams, C. J. [2] 10,122).—4. With 
phosphorus trichloride (in GHC1,) reacts to form 
PCl,.SbCl„and SbCl, (v.Combinations).— 5. Chlo¬ 
rinates many carbon compounds, e.g. CHC1, to 
CCl.,C,.H,to CjH.Cl,,&c. (u. CiiL(mo-coMPOUNDs). 
6. With nitrogen tetroxide forms SbCl,.NOCl 
(Weber, P. 123, 347). 

Combinations. —1. With ammonia forms 
brown SbCl,.CN II, which may bo sublimed un¬ 
changed,-—2. With hydrocyanic acid forms white 
i crystals of SbCl,.3HCN, which volatilise with 
partial decomposition under 100 ', and are de- 
! composed by 11,0 (Klein, A. 74, 85).—3. With 
1 gaseous cyanogen chloride forms S1)C1,.CNC1 
(Klein, l.c.).— 4. Combines with some non-mctallie 
chlorides to form double compounds whioh 
usually deliquesce in air and are decomposed by 
heat; the more important are SbCl,.PCI, (Weber, 
P. 125, 78; Kohler, B. 13, 875); SbCl,.POCl„ 
SbClj.SeCl. aud SbCl,.SCl. (Wobei, l.c.)\ and 
SbCl.SeOO, (Weber, P. 125, 325).—6. Also 
combines with C. H l'Cl, to form SbCl,.C,H,PCl, 
(Kohler, B. 13,1626).—6. Combines with various 
alcohols, and with Uhcr (Williams, C. J. [2] 
15,463). 

Antimony, fluorides of. Sb.O, dissolves in 
HFAq to form SbP,; Sb,O s .:rH 1 0 dissolves in 
Hb'Aq to form SbF,. Neither has been gasified, 
so that mol. ws. are unknown. 

I. Antimonious it.uokim SbF, [abt. 292°] 
(Carnelley, C. J. 33, 275). 4 

Preparation.—(Berzelius, P. 1, 34; DumW 
A. Oh. [2] 31, 435; Eliickiger, A. 84, 248).s3 
1. By dissolving Sb.,0, in Hb'Aq, evaporating ai 
70°-90° and crystallising.—2. By distilling Sb 
with HgR. 

Properties.— White, trimetric, octahedral 
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deliquescent, soluble in H,0 \tfthout decompo¬ 
sition. 

Reactions, —1. Solution in water on evapo¬ 
ration yields an oxyfluoride (composition un¬ 
known). —2. Deliquesced SbF s pressed between 
paper gives 2SbF 3 .Sb 2 0 3 ( = 3SbOF.SbF s ), which 
is decomposed by heating into SbF 3 and Sb 3 0 3 . 

Combinations .— With alkali fluorides to 
form double compounds, SbF, combining with 
MF, 2MF, or 3MF, where M = K, Na, &c. These 
compounds are best obtained bydissolving Sb..0 3 
and MjjCOg in the proper proportions in HFAq, 
and evaporating. The principal compounds are 
8bF s .2NH,F; SbF 3 .2KF, SbF.,.KF; SbF s .2LiF; 
and SbF 3 .2NaF (u. Fliickigcr, A. 84, 248). 

II. Antimonic fluoride, SbF v Obtained by 
Berzelius, investigated more fully by Marignac 
(A. 145, 230). 

Preparation .—By dissolving hydrated Sb 2 0 5 
in HFAq, and evaporating. 

Properties.—A. gum-like amorphous mass, 
decomposed by heat; very slowly decomposed, in 
solution, by ILS. 

Combinations .—With tho alkali fluorides, to 
form double compounds, which are easily solu¬ 
ble in water, crystallise badly, and yield oxy- 
fluorides when ovaporatod in aqueous solutions, 
t.g. SbOF 3 .NaF from SbF 3 .2NaF (Marignac, A. 
145, 239). These solutions are very slowly de¬ 
composed by II,S, KOIIAq, and K.COgAq. The 
more important compounds are SbF-.NH,F, 
2(S!)F i .2NH 4 F).H 2 0; SbF v KF, SbF 5 .2KF.2H..O; 
SbF s .NaF. 

Antimony, haloid compounds of. SbF.„ SbF s ; 
SbCl,, SbCl.; SbBr 3 ; Sbl,, (? Sbl 5 ). Only SbCl 3 
has been gasiiied and V.D. determined; SbCl, 
is decomposed by beat. The formula) of the j 
trihaloid salts are probably molecular, v. Anti- j 

MONY, FLUORIDES OF, CHLORIDES OF, RROMIDES OF, ; 

iodides of ; v. also art. Haloid compounds. 

Antimony, hydride of (v. also art. Hydrides). 
SbH r ( Anlimoniurettcd hydrogen ; Stibiiu ,). 

Only one hydride of Sb, Sb FI.,, is certainly known; 
and this has not been obtained except mixed with , 
much H. Marchand (J.pr. 31, 381) described a 
black powder obtained by electrolysing cone. 
NH 4 ClAq with a rod of Sb as neg. and a thick 
Pt wire as pos. electrode. When a powerful 
battery was used, gas came off which burnt in 
the air; the powder was supposed to be a solid 
hydrido of Sb, and the gas a spontaneously in¬ 
flammable hydride (v. also Kuhland, S. .15, 418). 
But Marchand's results wore not confirmed by 
Bottger (J*. pr. 08, 372), who obtained only the 
ordinary products of the electrolysis of NH 4 ClAq, 
viz. H, Nil,, and N chloride. Wiedorhold ( C. C. 
1864. 995) described a graphite-like powder ob¬ 
tained by the action of dilute HClAq on an alloy 
of 1 part Sb with 5 parts Zn; after drying at 100° 
this powder gave off *001 p.c. II at 200° (Sb,H re¬ 
quires -004). The gaseous hydride is almost cer¬ 
tainly SbH 3 ( v . especially Jones, C. J. [2] 14, 647), 
but it has not yet been obtained free from H. 

Preparation .—By treating an alloy of 2 parts 
Zn and 1 part Sb (Capitaine, B. J. 20, 89), or 3 Zn 
and 2 Sb (Lassaigne, B. J. 22, 104), witli dilute 
H 2 S0 4 Aq. Schiel (A. 104, 223) decomposes an 
alloy of Sb with K with dilute HClAq. Hum- 
pert ( C . G. 1865. 863) treats cone. SbCl 3 Aq with 
Na amalgam. Jones obtained a gas containing 
about 4 p.o. SbH, by dropping cone, solution 


of SbCl, in cono. HClAq on to granulated Zn; 
the gas was partially decomposed as it was 
formed ( C . J. [2] 14, 641). 

Properties. —A colourless gas, with nauseating 
smell and intensely disagreeable taste, slightly 
soluble in H 2 0 but decomposed by long contact 
into Sb and H; easily decomposed by heat; 
burns in air to Sb 4 O g and H./>, or in limited 
supply of air to Sb, Sb,O b ., and H,0; de¬ 
composed by electric sparks into Sb and H. 
The gas obtained by reacting on an alloy of 
2 parts Sb with 3 parts Zn with dilute H.S0 4 Aq, 
and collecting tho first portions only, solidifiod 
at — 91*5°, and decomposed, with separation of 
Sb, between —65° and —56° (Olszewski, ilf. 7, 
371). 

Reactions. —1. With oxygen and heat, explo¬ 
sion occurs and formation of Sb 4 0„ and H 2 0; 
the same products are obtained by burning in 
air. — 2. Decomposed by chlorine , bromine, or 
iodine, with formation of SbCl 3 , SbBr 3 , or 
Sbl 3 ; passed through a hot tube containing a 
little I, an orange-yellow or brown ring of Sbl 3 
is formed (Husson, J. pr. 106, 314).—3. Passed 
over sulphur in sunshine, or at temperatures 
over 100°, orange-coloured Sh.S 3 is formed ; very 
minute quantities of the gas may bo thus de¬ 
tected (2>Sbli 3 + 6S = Sb,S 3 + 3H 2 S) (Jones, C.J. 
[2J 14, 649).—4. Decomposes sulphuretted hydro¬ 
gen in sunshine forming Sh,S., (2SbH J + 3H. i S=* 
Sh,S 3 + 6IL) (Jones, l.c.). —5. With autimonious 
chloride, Sb and 1IC1 are formed.—6. Easily oxi¬ 
dised by nitric acid. —7. Decomposed by a/jucous 
potash or soda with separation of a black powder 
(? SbOII 3 or ? Sb.,0, v. Jones, l.c. ; also Dragen- 
dorll, Pr. 5, 200) which is at once dissolved on 
shaking in air.—8. With aqueous silver nitrate 
the whole of the Sbis ppd. (as Ag.Sb mixed with 
Ag, Lassaigne, B. J. 22,104 ; v. also Jones, l.c.). 

References. ■ - Thompson, B. J. 18, 135 ; 
Pfal'f, P. 40, 33!); Simon, V. 42, 369; Vogel, 
J. pr. 13, 57 ; Meissner a. llankel, J. pr. 25, 243. 

Antimony, hydroxides of. Several compounds 
of Sb, II, and O are known; some of them are 
probably best regarded as hydrated oxides; 
others react as acids, especially IISb0 3 and 
II 4 Sb 3 0,; v . Antimony, Acids of (v. also arts. 
Acids and Hydroxides). 

Antimony, iodide of. Sbl 3 . Only ono iodide 
of Sb is known with certainty; van der Espt 
(Ar. Ph. [2J 117, 115) asserts that Sbl 5 is pro- 
duced by heating 1 part Sb witli 5 parts I, or 
by leading SbH 3 into I in alcohol; but as Sbl, 
is known to be produced by such processes the 
existence of the pentiodide is extremely doubtful 
(comp. Pendleton, O. N 48, 97). Mol. w. 499*62. 
[167°J (Cooke, P. Am. A. [2] 5, 72). (401° at 
760 mm.) (Cooke, P. Am. A. [2] 7, 251). V.D. 
252 (Worcester, P. A?n. A. [2J 10, 61). S.G. 
hoxagonais* 0 4-818, monoclinic 4*768 (Cooke, 
l.c.). HtF. solid Sb, gaseous I, [Sb, I s ] =*45,400 
(Guntz, C. R. 101,161). 

Formation. —1. By the action of powdered Sb 
on I in CS 2 .—2. By tho action of SbH 3 on I.— 
3. By subliming together Sb 2 S 3 with 31 in a 
globe (Schneider, P. 109, 609). 

Preparation.— Powderod Sfo is added little 
by little to I, with gentle heating, until no further 
action occurs; the Sbl, is then separated by 
sublimation in H or CO a . 

Properties.— Red crystals, which melt on 





beating and volatilise in red vaponra; soluble in 
boiling CS r and boiling benzene, but separates 
out on cooling; almost insoluble in CHC1,; 
soluble in HIAq. Exists in three forms: 
(a) hexagonal ruby-red crystals, by crystallisation 
.from C8,, M.P.= 167°, a:c- 1:1*37; ( b) trimetrio 
greenish-yellow crystals, by subliming the hexa¬ 
gonal form at temperatures not abovo 114°; at 114° 
the chango is sudden, the external form of tho 
hexagonal crystals is preserved but each crystal 
is found to consist of a mass of trimetric crystals; 
heated above 114° the hexagonal form is re¬ 
produced ; ( c) monoclinic crystals (a:b:c = 
1*6408:1: *0(582) obtainod by exposing a solution 
of Sbl, in CS 2 to direct sunlight; at 125° they 
are changed into the hexagonal form (Cooke, 
P. Am. A. [2J 5, 72). 

Reactions. —1. Water decomposes Sbl 3 with 
production of ITIAq, which dissolves part of tho 
Sbl„ and oxyiodido of Sb ( q . v.).-—2. Aqueous 
alkalis and alkali carbonates produce Sb 2 0 3 and 
alkali iodide (Sevullas, J. Ph. 14, 19).—3. Cone. 
sulphuric acid or nitric acid separates I.— 
4. Alcohol or ether partly dissolves Sbl 3 and 
partly changes it to yellow oxyiodide (Macivor, 
G. J. [2] 14, 328).- 5. Chlorine forms SbCl, and 
IC1 (Maci vor, l.c.). — 6. Antimony trisulphide 
reacts with molten Sbl 3 to form SbSI; this 
sulphoiodide is obtained as a lustrous brown-red 
powder by treating the fused mass with dilute 
HClAq ; it is decomposed by H*0 and KOHAq; 
boiled with II,0 and ZnO tho oxysulphido 
Sb.OS. is formed (Schneider, P. 110,147). 

Combinations .—Dissolves in aqueous solu¬ 
tions of tho iodides of the alkali metals, on 
evaporation double compounds are obtained. 
These compounds are soluble in HClAq, 
II.G.HyOgAq, and n 2 .C 4 H,O 0 Aq ; they are de¬ 
composed by H 2 0, yielding Sb oxyiodide; CS 2 dis- 
solves out Sbl 3 . The following salts are described 
by Schaeffer (P. 109, 611): 2SbI r 3KI.3H,0; 

2SbI,.3NaU2II.O; 4Sbr a .3NH,I.9H 2 0; * 
SbI r BttI 2 .91I,0. Nicklda (C. R. 51, 1097) de¬ 
scribes two series of compounds MI.SbI 3 .2II 2 0, 
and MI.SbI 3 .H 2 0 where M =* K, Na, or NH t , 
obtained usually by tho action of I on Sb in 
presence of saturated MIAq; theso salts are 
iBomorphous with corresponding double salts 
of Bi. 

Antimony, livers of. This name is applied 
to the impure double sulphides obtained by 
heating Sb 2 S 3 with various metallic sulphides,, 
more especially with tho alkali and alkaline 
earth sulphides. Theso bodies are obtained 
either by fusing Sb 2 S, with K,S, Ac., with 
K 2 S0 2 Ac. and C, or by dissolving Sb 2 S., in 
K 2 SAq, &o. The behaviour of aqueous solutions 
varies according to the relative quantities of 
Sb 2 S s and alkali sulphide employed; if not more 
than 2 parts Sb 2 S 3 are used to 1 part alkali 
sulphide, the product is wholly soluble it. water; 
if more Sb 2 S 3 is used the product is partly, or 
wholly, insoluble (because of production of anti- 
monate and Sb,0„ v. Antimonious bulpiitdk, 
Reactions, No. 15). Solutions of these bodies 
dissolve Sb,S 3 on boiling; the Sb 2 S, pp%. again 
on cooling; they#rendily absorb 6 from the 
air, forming antimonate and thioantimonate 
(v. Antimonious sulphide, Reactioiis , No. 15). 
Addition of alkali bicarbonates pps. thio- 
antimonito. 

Vox. L 


Antimony, oxide* of. Three oxides are known: 
Sb 4 0 6 , Sb 2 0 4 , and objO,; only the first of these 
has been gasified; the molecular weights of the 
others are not known. The pentoxido acts as 
an anhydride; the two others are feebly salt¬ 
forming whether they react with strong acids or 
strong alkalis [v. Antimony, acids of). Marchand 
(J. pr. 34, 381) described an oxide, Sb 3 0 2 , said 
to be obtained by the electrolysis of a solution 
of cream of tartar; but Pottgcr (/. pr. 68, 372) 
failed to obtain anything except antimonic acid 
by repeating the experiments. 

I. Antimonious oxide Sb 4 0 8 (Antimonious 
acid). Mol. w. 575-76. S.G. trimetrio 5-5 to 5*6, 
regular octahedra 5*1 to 6 2 (Terreil, C. R. 58, 
1209). V.D. 286-5 (at abt. 1550°; Meyer, B. 12, 
1284). S.H.-0927 (18° to 100°; Neumann, P. 
126, 123). C.E. (40° cub., Senannontite) 
•00005889 (Fizeau, A. Ch. [4] 8, 335). 

Occurrence. — Native; as Antimony bloom in 
trimetrio prisms, as Senannontite in octahedra. 

Formation. — 1. By heating Sb in a loosely 
covered crucible, and then raising the tempera¬ 
ture, when Sb 4 0 8 mixed with a little Sb 2 0 4 sub¬ 
limes on to the crucible cover. -2. By treating 
Sb with dilute IIN0 3 Aq and washing thoroughly 
with water and then with very dilute Na 2 C0 3 Aq 
(Rose, V. 53, 161). — 3. By fusing Sb with KNO s 
and KlISOj and boiling fused mass in water 
(Breuss, A. 31, 197). 4. By washing the white 
pp. obtained by adding HO to SbCl 3 with dilute 
KOIIAq and then with 11*0.— 5. By adding 
excess of NII s Aq to hot KSb.C,H 4 0 T Aq, heating 
pp. for a short time in contact with the liquid, 
collecting, and washing. 

Preparation.--!. 3 parts finely powdered Sb 
are heated with 7 parts cone. II 2 S0 4 ; the end® 
Sb sulphate is treated repeatedly with hot water* 
and then with very dilute Na 2 C0 3 Aq, and the 
oxide is collected and dried.— 2. 1 part powdered 
Sb is heated, so long as an action occurs, with 
4 parts HNO ;l Aq, S.G. 1-2, and 8 parts 11,0; the 
nitrate of Sb is treated as the sulphate in 1. 

Properties .— A white, moro or less crystalline, 
powder (regular octahedra); very slightly soluble 
in water, fairly soluble in glycerino (Kohler, 
D. P. J. 258,520); becomes yellow when heated,, 
but white again on cooling; melts at a dark 
red heat, and crystallises on cooling. Volatilises 
rapidly about 1550° (Meyer, B. 12, 1281). In¬ 
soluble in HNO a Aq and H„S0 4 Aq; dissolves 
easily in HClAq and H 2 .C 4 II 4 0 8 Aq; also in 
KOIIAq and NaOHAq, from theso solutions Sb 4 O a 
is ppd. on cooling (Mitscherlich, A. C'l. (2J 33, 
394), but according to Terreil the pp. is an 
antimonite (A. Ch. [41 7, 380). Sb,0 K is formed 
in trimetrio prisms (a:h:c * -394:1:1*414) by burn¬ 
ing Sb or SboS., in air, by heating oxychloride 
(obtained by adding H.,0 to SbCI 3 ) with H.,0 to 
150° (Debray, C. R. 58, 1209), or by rapidly sub¬ 
liming the octahedral crystals (Terreil, C. R. 62, 
302); Sb 4 0 8 is formed in regular octahedra by 
subliming at a dark red heat. Both forms are 
obtained by saturating hot Na 2 C0 3 Aq with Sb 2 O s 
or SbCl 3 and allowing to cool (Mitscherlich, 
P. 15, 453); or by passing a slow stream of dry 
air through a porcelain tube containing Sb, the 
tube being heated at first only where the Sb 
is, but after a few hours also at the point where 
the prisms might condense, after about 12 hours 
prismatic crystals are found near the Sb, prisma 



900 


ANTIMONY. 


ciixed with octahedra further on, and ootahedra 
only near the end of the tube'jTerreil, l.c.). Sb ,0„ 
is isodimorphous with As .O d (q. v.). According 
to Guntz ( C. R. 98, 303) the change of prismatic 
Sb 4 0 M to octahedral is attended with production 
of 1200 gram units of heat per 570 grms. Sb 4 O a 
changed. 

Reactions.— 1. Hoated in air or oxygen, Sb 2 0 4 
is formed. —2. Cone, hot nitric acid oxidises to 
fcih.O, and Sb/) 5 ; it dissolves in cold fuming IlN0 3 
and forms Sb 4 O a .N./) 5 (Pcligot, C. It. 23, 709).— 
3. Treated with fuming sulphuric acid , small 
lustrous crystals are obtained, which, after dry¬ 
ing for six months in contact with burnt clay 
have the composition Sb 4 0 h .2S0 3 ; by treating 
these crystals with H 2 0 the salt Sb 4 0„.S0 3 is 
obtained (Peligot, l.c.). Schultz-Sellac (11. 4, 
13) describes the salt Sb..3SO, ( = Sb 4 O tj .6SO :t ) as 
long lustrous needles obtained by evaporating 
solutions of Sb 4 O a in fairly cone. lI 2 S0 4 Aq ; this 
salt is unchanged in dry air, but gives off S0 3 on 
heating, and is decomposed by water. Sb 2 (SO,) 3 
is also formed by dissolving Sb.,S 3 in hot cone. 
H 2 S0 4 Aq (Tlensgen, 11. T. G. 4, 401) ( v. Sul¬ 
phates). — 4. Sb 4 0„ dissolves in solution of 
potassium-hydrogen tartrate , forming the salt 
C 4 H 4 KSbO T , which is probably the K salt of the 
acid Sb.C 4 Il/) K .OH (i\ Clarke and Sfcallo, B. 13, 

1787).- 5. Bb,O ri acts as a reducing agent towards 
salts of silver, gold, Ac. ( v . Antimony, betko- 
xion or, Ant ini onions co nip o un d s) .—G. S b 4 0 (i 
does not directly combine with tenter , but two 
hydrates have been prepared :—(a) Sb 2 0 ; ,.2TI/) t 
by adding CuSO,Aq to Sb 2 S 3 dissolved in KOIIAq 
until the filtered liquid gives a white pp. 
(Sb.0 3 .2H.X)) on addition of an acid (b’resenius; 
v. also Schaffner, A. 51,182); (5) Sbl).,.311.0, a 
white powder which begins to lose water above 
150°, obtained by the spontaneous decomposition 
of an aqueous solution of the acid H.C,II,Sb0 7 
obtained by decomposing (C 4 If 4 Sb0 7 )..P»a by the 
proper quantity of R,S0 4 Aq (Clarke a. Stallo, 
11. 13,1793).—7. Dissolves in boiling nu t monious 
chloride to form oxychlorides; SbOC1.7SbCl 3 is 
described by Schneider (P. 108, 407). 

II. Antimonic oxide Sb/), (Antimonic acid). 
Mol. w. unknown. S.G. 3’78 (Playfair a. Joule, 
C. S- Mem. 3, 83). 

Preparation.-By dissolving powdered Sb 
in aqua regia, or cone. HNO a Aq, evaporating j 
to dryness, and heating [not above 275°] (Geuther, ; 
J. pr. [2] 4, 438; Dubrawa, A. 186,110). 

Properties.— Citron-yellow powder; insoluble 
in water,, but reddens moist blue litmus paper; 
loses O at 300' (Geuther, l.c.) giving Sb/),; 
soluble in cone. HClAq, slightly solublo in cone. 
KOHAq. 

Reactions.— -1. Heatod with antimony or 
antimony sulphide , Sb 2 0 3 is formed.—2. Heated 
in chlorine, SbCl, and Sb/) 4 are produced.—3. 
Heated with ammonium chloride, is completely 
volatilised.—4. Keaets with alkaline carbonates 
an fusion, with ovolution of CO, (v. further 
Antimony, detection of, Antimonic com - 
pounds).— 6. Hydrates are not produced by the 
direct action of water, but indirectly the three 
oompotmds, Sb/),.3H/), Sb/) 4 .2H/), and 

2-lb/) b .H/), have been obtained ( v . Antimony, 
acids of, Antimonates). Forms many com¬ 
pounds with WO a and MoO, (v. Gibbg, C. N. 48, 
1*6; Am. 7, 209 and 313). 


III. AlfTIMONOSO-ANTIMONIC OXIDE Sb 2 0< 
(Antimony tetroxide). Mol. w. unknown. S.G. 
4-074 (Playfair a. Joule, C. S. Mem. 3, 83); 6 5 
(Boullay, A. Ch. [2J 43, 266). S.H. (23°-99°) 
•09535 (llognault, A. Ch. [3] 1,129). 

Occurrence. —Native, as Antimony-ochre. 

Preparation.— 1. By heating Sb 4 O a in air.- 
2. By oxidising Sb, Sb 4 0 (i , or Sb,S 3 , by eonc. 
HN0 3 Aq, evaporating to dryness, and strongly 
heating. 

Properties.— White powder, becoming yellow 
on heating; has not been melted or volatilised ; 
insoluble in water, but reddens moist blue litmus 
paper; very slightly acted on by acids. 

Reactions. —1. Heated with .solution of cream 
| of tartar, Sb/) s a?H/) remains and solution eontai ns 
| C,H 4 KSb0 7 .—2. Solution in HClAq dropped into 
j water, is decomposed into Sb,0 H and Sb/),,.—3. 

! Heated with antimony Bb 4 O e is formed.—4. 
j With molten potash forms Jv/).Sb/) 4 (v. 
j Antimony, acids of; Antimoxoso-antimonates); 

| solution of this in water slowly reduces AgN0 3 Aq 
| and AuCI 3 Aq. Sb/), reacts as a compound of 
; Sb 2 0 3 and Sb./)-, (= Sb 4 0 8 ); it is sometimes re¬ 
garded as aiitiinonyl antimonate (SbO)Sb0 3 , 

; derived from HSbO,. 

Antimony, oxybromidos of. Two oxybromides 
aro obtained by the action of 7TO on SbBr 3 , viz. 

[ SbjO/lr., and 10Sb/) s Br 2 .SbBr 3 ; SbOBr is pro- 
; bnbly formed by the action of sunlight on SbBr 3 
; in CS 2 (i.\ Antimony, bromide of). 

Antimony, oxychlorides of. At least six 
| compounds aro known; SbOCl, SbOC1.7SbCl 3 , 
Sb,0,Clo, and 10»Sb/),CL.SbCl a , obtained from 
SbCl.,; SbO/ll, and SbOCl 3 , from SbCI 4 . 

When SbCl 3 is added to a little water, SbOCl 
is obtained (sometimes mixed witli SbCl,). This 
oxychloride seems to exist either as a white 
amorphous powder, or ks monoolimo crystals 
isomorphous with SbOI (Cooke, P. Am. A. [2] 5, 
72); the crystals aro best obtained by using 10 
pts. SbCl, and 17 pts. H.O, allowing to stand 
for a day or two, pressing, and washing with 
ether (Sabanajew, III. [2] 16,79); the amorphous 
powder is best prepared by adding 3 pts. H/> to 
1 pt. SbCl.,, filtering at or.ee, drying over H.,S0 4t 
and washing with ether. Crystalline SbOCl is 
: also obtained by heating SbCl 3 with C 2 H„0 (in 
ratio SbCl 3 :C 2 H„0) in a closed tube to 160" 
(Schaffer, A. 152, 314). By the action of much 
water on SbCl 3 (5 to 50 parts to 1 part SbCl, 
•according to Sabanajew, l.c.) the oxychloride 
Sb,0,CI 2 is obtained as an amorphous powder, 
which becomes ciystallino on standing. To pre¬ 
pare the crystalline forms it is best to use 30 
parts of cold water, or 3 parts of water at 60° 
to 70° (in the latter case allowing the pp. to 
remain a few hours before collecting); there are 
some differences in the forms of the two sets of 
crystals (Sabanajew, l.c.). Crystals (trimetrio 
Schaffctf, A. 152, 314; monoclinic, Cooke, P. Am 
A. [2J 5, 72) of Sb,0 4 Cl 2 aro also obtained by 
heating SbCl 3 with C.,II B 0 (in ratio SbCl 3 :3C 2 H a O) 
to 140°-150° (Schaffer, l.c.). The compound 
Sb 4 0,CI 2 is also produced by the action of alcohol 
on SbOCl (Schneider, P. 108, 407); and also by 
heating dry SbOCl (5SbOClt= Sb 4 O s CJ 2 f SbCl,; 
Sabanajew, l.c.). 

The product of the action of much H/) on 
SbCl, is known as powder of Algaroth ; the com¬ 
position varies according to temperature, quan- 
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4Uy of water, and quantity of HOI in the solution 
of SbOI, used (oomp. Duflos, S. 67, 268; John¬ 
ston, J. pr. 6, 55; Malaguti, J. pr. 6', 253; Peligot, 
A. 64, 280). 

According to Williams ( C. N. 24, 224) the 
action of hot water on SbCl 3 produces 
10Sb 4 Cl 2 O 4 .SbCl 3 ; Williams also describes two 
oxychlorides obtained by heating Sb..0 5 with 
SbCl 3 (8b 2 0 4 :3SbCI.,) to 110° in a closed tube; 
Sb 3 ()Cl 13 M.P. = 85°, and Sb 3 0,Cl T M.P.-97*5°. 

Cooke (P. Am. A. [2] 5, 72) describes another 
oxychloride Sb 8 0,,CU; and Schneider (P. 108, 
407) two others, SbOCI.7SbCl ; , and 2Sb001.Sb.0 3 . 

According to Thomsen (Th. 2, 240) the heat 
of formation of Sb,O s Cl 3 from SbCl 3 and Aq is 
8910 gram-units ( v. also Guntz, G. 11. 98, 512). 
By dropping the calculated quantity of very cold 
water on to SbCb,, Dubrawa (A. 184, 118) ob¬ 
tained Sb()Cl 3 (SbClj +11,0 - SbOCl 9 + 2JIC1); 
this oxychloride is a yellowish, somewhat crys¬ 
talline, mass, soluble in alcohol; it deliquesces to 
a yellow liquid, from which needle-shaped crystals 
separate in dry air. When heated it melts and 
decomposes (probably to SbOCl + Cl,). It is de¬ 
composed by Na,CO,Aq (2SbOCl 3 + 3Na,CO a Aq ^ 
6NaClAq + 20 + 3C(>. ■ ,Sb.O :t ). 

Antimony, oxyfluoride of. 3SbOF.SbF 3 ob¬ 
tained by deliquescence of SbF 3 (v. Antimony, 

FLUORIDES OF). 

Antimony, oxyiodides of.' Sb,0 5 I 2 and SbOT. 
Sb 4 () 5 I., is obtained as light yellow crystals by ; 
evaporating a solution of SbCl 3 in KlAq, adding , 
H,0 and evaporating again. The composition 
of the oxyiodide obtained by the action of JLO 
on Shi,, varies according to the conditions of its 
preparation; by pouring Sbl 3 in IlIAq into hot 
11,0, Sb 4 O J, is obtained (v. Macivor, C. J. [2J 
44, 328). By the action of air and sunlight on 
Sbl s in CS, both oxyiodides are formed, produc¬ 
tion of SbOI proceeding rapidly (Cooke, l\ Am. 
A. [2] 5, 72). When SbOI is heated in a current 
of an inert gas to 150°, Sbl 3 begins to sublime, 
and at 200° is given off rapidly; no further 
change occurs till 350° is reached, when Sbl, 
again sublimes and crystals of Sb,() :i remain 
(Cooke, P. Am. A. [2] 5, 72). By the action of 
HClAq, HNOjAq, or H,SO,Aq, on SbOI, I is 
separated. 

Antimony, oxysulphides of. Various oxy- 
sulphides of Sb, or more probably mixtures 
of Sb,S s and Sb,0 3 , were formerly used in phar¬ 
macy. The compound Sb,0 3 .2Sb,S 3 occurs 
native as antimony blende (v. II. Rose, P. 3,452). 
The oxysulphide Sb,0»S, is obtained as a rod- 
brown powder by boiling SbSl (v. Antimony, 
ioxide of) with ZnO and H,0 (Schneider, P. 
110,147); also by the action of Na.S.0 3 Aq on 
SbCl 3 in HClAq (BOttger, C. C. 1857. 333). A 
compound of Sb 2 S 3 and Sb,0 3 is much used as 
a brilliant crimson-red pigment; it is probably 
SbjOg^Sb^S, (= 3Sb,OS..), (v. Bottger, Ic. \ 
Wagner, J. 1858. 235 ; Kopp, G. C. 1859. 945). 

Antimony, phosphides of, v. Antimony, Com¬ 
binations ,, No. 8. 

Antimony, selenides of, v. Antimony, Com¬ 
binations , No. 6. 

Antimony, seltoio-acid of, v. Seleno-anti- 
monates, p. 286. 

Antimony, sulphides of. Two sulphides are 
known, Sb 2 S 3 and Sb,S s ; neither has beon 
pwifled. and therefore mol. w. of netyher is 


known. Unger Ur. Ph. [21 147, 193) supposed 
he had obtained a disulphide, Sb 2 S 2 , by the 
aotion of NaOHAq on Sb 2 S 3 ; but the existence 
of this Sb 2 S 2 is very doubtful. Sb 2 S 3 is a feebly 
marked salfc-Jorming sulphide, e.g. it dissolves in 
NaOHAq to form Na 2 Sb 2 S, ( v . Antimony, thio- 
acids of). Sb 2 S 5 is a distinctly salt-forming 
sulphide; the thio-antiraonates (q. v.) are well- 
marked salts. Tho trisulphide, Sb 2 S 3 , occurs 
native; tho pentasulphide does not. 

I. Antimonious sulphide ( Antimony trisul- 
]>hidc, Mineral Kermcs, &c.) Sb 2 S 3 [low red heat]. 
S.G. (stibnitc) 4*51-4*75; (amorphous) 4*15; 
(fused, by direct union of Sb and S) 4*892 (Ditto, 
G. It. 102, 212). S.II. (23°-99°) *08133 (llegnault, 
A. Ch. [3] 1,129; v. also Neumann, P. 23, 1). 
Two forms are known; crystallised (trimetrio; 
a:b:c --'985:1:1*0117) and amorphous. 

Occurrence.— Native as Stibnite or Antimony 
glance , crystallised in trimetrio prisms, usually 
containing 1°, As, Fe, and Cu. 

Preparation. — (a) Crystallised: by gradu¬ 
ally heating to redness, in a covered crucible, a 
mixture of 13 parts of finely powdered Sb well 
mixed with 5 parts pure S ; then fusing for some 
time under a layer of NaCl; cooling, powdering, 
mixing with a little S, and again fusing under 
NaCl. (6) Amorphous: by boiling 4 parts 
KOHAq, S.G. 1*25, and 12 parts H.,0, with one 
part crude Sb 2 S 3 ,outof contact with air for some 
time, adding 50 parts boiling IPO, filtering 
quickly, and decomposing the solution by dilute 
ILSO,Aq; the pp. is collected, boiled with very 
dilute HJSOjAq, washed with cold water, digested 
with aqueous tartaric acid (to removo any Sb 2 0 3 ), 
again washed witli cold water, pressed, and 
dried at a low temperature. Cooko (P. An:. A. 
[2] 5, 1) dissolves Sb in large excess of HN0 3 Aq 
(S.G. 1*35), keeping the temperature as low as 
possible, neutralises with NaOIlAq, dissolves in 
large excess of H 2 .C 4 II t O ti Aq, pps. by IPS in an 
atmosphere of C0 2 , collects and washes pp. and 
dries below 210°. Tho amorphous sulphide is 
also produced by melting crystalline Sb S :| in a 
glass tube, and after a time throwing it into a 
large quantity of cold water (Fuchs, P. 31, 578). 

| An impuro Sb 2 S 3 , containing tth.O,, known as 
Kermcs, is prepared for commercial purposes by 
heating crude autiinony sulphide with aqueous 
alkalis or alkaline carbonates. 

Properties, - (a) Crystalline: grey-black 
trimetric prisms; melts easily, (b) Amorphous: 
prepared by ppn., is a reddish-brown, loose, 
powder which marks paper with a brownish 
streak; prepared bymeltingandsuddenly cooling 
tho crystalline Sb 2 S 3 , it is a hard greyish mass ; 
molted and cooled slowly it yields the crystalline 
form; heated to 210’-220° it becomes grey 
(Cooke, P. Am. A. [2] 5, 1). Both forms of 
Sb 2 S., aro insolublo in water, and in NH.,Aq, 
dissolve in KOIIAq, in HClAq, and very slowly 
in tartaric acid. Thoy may be distilled un¬ 
changed in a stream of N. 

Reactions. —The products of the reactions of 
crystalline and amorphous Sb 2 S 3 aro, in almost 
every case, the same; the actions usually proceed 
more rapidly with tho amorphous than with the 
crystalline form. 1. Boiled with water, is par¬ 
tially decomposed to Sb 4 0„ and H 2 S (l)e Cler¬ 
mont a. Frommel, G. R. 87, 330: Lang, B. 18, 
2714).—2. Heated in hydrogen, Sb is formed.— 
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i. Calcined in air, Sb 4 0 4 , orSb 2 0 4> and SQ f are 
roduoed. —4. Heated in chlorine, SbCl, and 
,01a result. —5. Aqueous hydrochloric acid 
forms SbCl, and H 2 S; after a time the action 
stops, but if the H a S is removed the whole of 
the Sb 2 S 3 is decomposed (v. Lang, B. 18, 2714; 
bIbo Berthelot, G. 11. 102, 22).—G. Cone, nitric 
acid oxidises to nitrate and sulphate of Sb mixed 
with S.—7. Aqua regia forms SbCl 3 , IL.SO ( , and 
S.—8. Dilute solutions of sulphuric acid have no 
action on crystalline Sb.S ai but slowly evolve R.S 
from amorphous Sb 2 S 3 ; cone. H._.S0 4 Aq evolves 
S0 2 , separates S, and forms Sb 2 (S0 4 ) 3 (Hensgen, 
JR. T. C. 4,401).—9. Fused with at least 17 parts 
nitre, KSbO, is formed, with Sb sulphate ; with 
less than 17 parts nitre, Sb 2 0 3 is sometimes 
formed in addition to the other products, or a 
art of the Sb z S 3 remains unoxidised and com¬ 
ines with K 2 S formed to produce a thio- salt.— 
10. Molted with excess of lead oxide, Sb 2 0 3 , S0 2 , 
(andPb), areformed.—11. Meltedwith potassium 
cyanide , Sb is produced, along with KCNS and 
a compound of Sb,S 3 and K 2 S.—12. Iron , zinc, 
and many other metals reduco Sb 2 S M , when 
heated with it, forming Sb and a metallic sul¬ 
phide ; metals whose sulphides are basic ( e.g. K) 
generally combine with part of theSb 2 S 3 to form 
thio- salts.—13. Many easily reduced metallic 
oxides when heated with Sb 2 S 3 form Sb 2 0 4 and 
S0 2 .—14. Many metallic sulphides combinewheu 
heated with Sb 2 S 3 with production of double 
compounds ; several of these doublo compounds 
occur native, e.g. Sb 2 S 3 .PbS; Sb,S 3 .Cu 2 S; 
Sb. S 3 .3Ag 2 S; Ac.—15. Alkali sulphides combino 
with Sb,,S 3 either when heated in the solid state 
or in solution; the compounds produced are 
generally known as livers of antimony , q. v. 
( v. also next reaction); aqueous solutions of 
these compounds absorb 0 forming Sb,0„, anti* 
monates, and thio-antimonates.—10. Caustic 
alkalis react with Sb 2 S 3 , when fused together, or 
when in aqueous solutions, toproduce antimonito 
and thio-antimonite: thus, 4Sb.S., 4K..O- 
6KSbS.+ 2KSbO, ; or 48b.,S 3 +‘8KOTlAq = 
8(Sb 2 S 3 .K..SAq) [« GKSbS.Aq]' + SbX> :t .K.OAq 
[*=2KSbd,Aq] 4-4ILO. Addition of IlClAq to 
this solution pps. Sb.,S 3 ; 

(GKSbS 2 Aq + 2KSbO.*Aq + 8HClAq - 
4Sb.,S 3 + SKClAq -I-4TLO). If, however, much 
Sb 2 S 3 , relatively to the amount of KOH, is used, 
formation of KSbS 2 Aq proceeds, but the KSbO, 
being much less soluble pps. along with some 
oxysulphide and Sb,O fi which has not combined 
with FOIL [crocus of antimony). The solution 
of KSbS 2 is acted on by air, giving finally an- 
timonatc and tbio-antimonatc (GKSbS 2 Aq + GO = 
4KSbS 3 Aq + 2K8b0 3 Aq).—17. Solutions of car¬ 
bonated alkalis, K 2 C0 3 and NaX'0 3 Aq, dissolve 
Sb 2 S 3 only on heating; the solutions behave 
similarly to those obtained by KOHAq and 
NaOHAq; on boiling in air a pp. of KSbO, 
(Sb 2 0 5 .K 2 0) combined with Sb.,S 3 is obtained 
(Kermcs), and KSbS, remains in solution. When 
1 pt. Sb 2 S 3 is fused at a strongred heat with 8 pts. 
Na 3 C0 3 , and H.,0 is added, a solution contain¬ 
ing antimonate and thio-antimonate is obtained, 
and 8b is ppd. (probably, 10NaSbO 2 Aq + 2H,0 
“ 6NaSbO ;t Aq + 4NaOHAq + 4Sb). The action 
of alkalis on Sb 2 S 3 has been chiefly investigated 
by Liebig [A. 7,1). 

Combinations.—With metallic sulphides to 


form thio-antimonite* (v. supra), q.v. under Aim* 

KONY, THIO-ACIDS OF. 

Antimonious sulphide; hydrated. 
The orange-red pp. obtained by passing H,S 
into a solution of SbCl 3 or C 4 H 4 KSb0 7 containing 
little acid is amorphous hydrated Sb 2 S 3 , which* 
is fully dehydrated only at 200° (FroseniuB; ac¬ 
cording to Wittstein the pp. contains no chomi- 
cally combined H 2 0, Fr. 1870. 202). It behaves 
towards acids, alkalis, Ac. in the same way as 
amorphous Sb 2 S 3 . When this pp. is treated with 
peroxide of hydrogen, in presence of NH,Aq, a 
portion of it is oxidised to antimonic acid, some 
of which separates out and some remains in 
solution as NH 4 .SbO s (Raschig, B. 18, 2743). 

II. Antimonio sulphide Sb.S,, ( Antimony 
pentasulphidc or persulphide, Golden sulphurct 
of antimony, Ac.). Mol. w. unknown. Not 
found native. Sb 2 S 3 does not directly combino 
with S; but by heating Sb 2 S 3 , 8, and Na.,CO, 
together, Na 3 SbS 4 is formed, from which Sb 2 S 4 is 
obtained by the action of acids. 

Formation.—1. By the action of H 2 S on 
SbClj in H 2 .C 4 H 4 O 0 Aq, or on Sb..0 5 .:rH.,0 sus¬ 
pended in water.- 2. By decomposing solutions 
of thio-antimonates by dilute acid. 

Preparation.— 10 parts crystallised 
Na 3 SbS 4 .9HX) (q. v. under Antimony, thio-acids 
of) are dissolved in GO parts H 2 0 ; tho solution 
is poured (with constant stirring) into a cold 
| solution of 3*3 parts pure H 2 S0 4 in 100 parts 
H 2 0; the pp. is washed by decantation, then on 
a filter, with cold water, as quickly as possible; 
to remove all traces of acid, the pp. is now di¬ 
gested with a cold solution of 1 part NaIIC0 3 in 
20 parts H.0 for a few days; it is again washed 
then pressed, and dried in a dark place at a low 
i temperuture. 

Properties. —A dark-orange powder; insoluble 
in water; completely soluble in aqueous alkalis; 
in absence of air, soluble in NH 3 Aq, and in 
aqueous alkali sulphides; solublo in Na 2 C0 3 or 
! K 2 C0 3 Aq, not in (NH,) 2 C0 3 Aq. 

! Reactions.— 1. Heated out of contact with 

air, Sb 2 S 3 and S are formed.—2. Decomposed 
by boiling with hydrochloric acid, giving 8bCl s 
and II..8. -3. Caustic alkalis dissolve Sb 2 S 5 , fonn- 
i ing antimonate and thio-antimonate.—4. Car- 
• bon disulphide dissolves out a little S (about 5 
n.c., Ramrnelsberg, P. 52,193). That this is due 
, to a decomposition of Sb.,8 4 , and not to the 
1 action of CS 2 on admixed 8 (it lias been supposed 
; that the action of CS 2 proves the non-existence 
of Sb 2 Si), is shown by the fact that muoh less 
than S 2 is withdrawn from each Sb 2 S s by CS 2 , 
and alsoby the reactions of the Sb 2 S-,, especially 
the solubility in NH 3 Aq in which Sb 2 S 3 is in¬ 
soluble, and the insolubility in (NH 4 ) 2 CO s Aq 
which dissolves Sb 2 S 3 . 

Combinations.— With alkali sulphides to form 
thio-antimonates, q.v. under Antimony, thio- 
acids of. 

Antimony, sulpho-acids of, v. Antimony, thio- 
acids of*- 

Antimony, sulpho- (or tLio)- chlorides of. 
SbSC1.7SbCl„ and 2SbSCl.Sb.,S 3 , obtained by 
action of Sb 2 S g on SbCl 3 ; and SbSCl 3 obtained by 
the action of H s S on SbCl* (v. Antimony, oblo* 
bides of). 
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Antimony, tnlpho- (or thio). iodide* ot 
SbSI; by action of Sb 2 S, on Sbl„ or of I on 
Sb 2 S, ( v . Antimony, iodide of). 

Antimony, tellnrides of, v. Antimony, Com¬ 
binations , No. 7. 

Antimony, thio-acids of. No thio-acids of Sb 
are known, but a few thio-antimonites, MSbS a 
and one M,SbS 3 , and a considerable number of 
well-marked thio-antimonates, M 3 SbS 4t have been 
prepared. The thio-antimonites may be regarded 
as derived from the hypothetical acid HSbS 2 
( = SbS.SH); they correspond in composition with 
the antimonites MSb0 2 and with the meta-thio- 
arsonitos MAsS 2 . The thio-antiraonates may bo 
regarded as derived from the hypothetical acid 
FI 3 SbS 4 ( = SbS(SH) 3 ); nc corresponding anti* 
monates are known (MSbO, and M 4 Sb.,0 ; repre¬ 
sent the antimonates); the thio-arsenites are re¬ 
presented by three series, one of which (the ortho¬ 
series) corresponds with the thio-antimonates. 

Thio-antimonitkh. A very few of these salts 
have been prepared. Addition of absolute 
alcohol to a solution of Sb 2 S 3 in NaOHAq pps. 
amorphous NaSbS z , soluble in water. By heat¬ 
ing to 30° equivalents of Sb 2 S 3 and NaOII 
(in cone, solution) copper-coloured 2NaSbS._,.IJ._,0 
is formed (Unger, J. 1871. 825). The silver 
salt AgjSbS., is said to be obtained as a grey 
mass, reddish when powdered, by heating 
Ag 3 SbS, out of contact with air (Barnmels- 
berg, P. 52, 108). Several minerals may be 
regarded as thio-antimonites, e.rj. PbS.Sb.,S 3 ; 
AgyS.Sh.Sa; Cu 2 S.Sb..S 3 ; FeS.Sb.,S 3 Ac. 

Tmo -antimonates M.,SbS,. Investigated 
chierly by Bammelsberg (P. 52,198). Some of 
these salts arc obtained by the action of alkali 
sulphides on Sb 2 S 5 ; but they arc better obtained 
by acting on SkS., with aqueous solutions of 
alkali sulphides in pirsencc of sulphur, or with 
aqueous solutions of alkali polysulphides. They 
are also obtained by fusing Sb 2 S 3 with alkali 
sulphides (or with sulphates and carbon) and 
sulphur. The decomposition, in air, of alkaline 
livers of antimony also often yields thio-antimo¬ 
nates (v. Antjmonious rui.phidk, Reactions , No. 
15 and 1C). The thio-antimonates of the alkali 
metals are soluble in water, many of the others are 
insoluble and are obtained from l.lio alkali sails 
by ordinary double decompositions, the melallic 
salt solution being added in quantity loss than 
sufficient to decompose the whole of the alkali 
thio-antirnomite. Solutions of thio-antimonates 
are easily decomposed by acids, even by tho 
C0 2 of the air, with ppn. of Sb 2 S 5 , and, when 
exposed to air, of alkali thio-sulphate. The 
alkali thio-antimonates are not decomposed by 
boating out of contact with air; the salts of the 
heavy metals lose S, and give thio-antimonites. 
The more important tliio-antinionatcs are those 
of potassium and sodium. 

Potassium thio-antimonatc. 2K 3 SbS 4 .9H 2 0; 
slightly yellow deliquescent crystals; prepared I 
by boiling, for several hours, 1 part S, (5 parts ; 
K 2 C0 8 ,3partsCa0,and 20 parts ll 2 0, with 11 parts 
Sb 2 S„ filtering, and cooling out of contact with : 
air. A salt KgShScKSbOs-bH./) is obtained, in 
long white ncedl«s,by adding cold cone. KOIJAq 
to Sb 2 S if filtering from 2KH(Sb0 3 ) 2 .6II v 0 which 
separates out, and evaporating (u. Sell iff, A. 
114, 202). 

SodUim thio - antimonatc Na 3 Sb8 4 .9H 2 0 


(known as Schlippe's salt). Prepared by fusing 
together 10 parts dry Na 2 80 4 , 13 parts SbjS 3 , 
and 4-5 parts wood charooal, dissolving in 
water, boiling with 2£ parts sulphur, filter¬ 
ing and evaporating; the crystals are washed 
with very dilute NaOHAq and then with water, 
and dried quickly at a low temperature. The 
salt may also bo prepared by boiling Na,COjAq 
with CaO, Sb,S 3 , and 8. Sodium thioantimonate 
forms large yellowish monometric tetrahedra; 
it dissolves in 2-9 parts 11,0 at 15°, the solution 
has an alkaline reaction. Tho crystals are bost 
kept in contact with their mother liquor to 
which a littlo NaOHAq is added; they decom¬ 
pose in air, giving Sb,S 3 , Sb z S-, Na,S, Na,CO„ 
and Na.jS.jO;,. When the mother liquor from 
Schlippe’s salt is evaporated, crystals of a double 
salt Na,Sbh>.,. Na,S,O ;l .20H 2 O are obtained. Solu - 
tion of tartar emetic is decomposed by Na 3 SbS 4 Aq 
thus; GC^KSbO.Aq + 2Na 3 8bS,Aq = 

GC,H,KNaO« + 8^0, + Sb,S 3 + Sb,S 5 . 
Thcotherthio-antimonatesare generally obtained 
from tho sodium salt: tho best-marked are 
Bii 3 (SbS,) 2 .GH,0; Cu 3 (SbS 4 ) 2 ; Pb 3 (SbS 4 ) 2 ; 
Hg 3 (SbS,) 2 ; Ag : ,SbS 4 ; a few others are known 
(e.fj. of Cd, Co, Mn, Ni, V, Zn) but they are very 
easily decomposed, and not many havo been 
obtained in definito forms. M. M. P. M. 

ANTIMONY, Compounds with organio 
radicles. 

References.—Lowig a. Schwcizer, A. 76, 815; 
Landolt, J. pr. 52, 385; 57, 134; 84, 330; 
A. 78, 91; 84, 44; Buckton, C. J. 13, 115; 
1G, 17; Lowig, A. 88, 323; 97,322; C.J. 8, 201 5 
Boric*, J. pr. 05, 385 ; Scheibler, J. pr. 04, 605 ; 
Fried hinder, J. pr. 70, 449; Cramer, Pharm * 
Cent. 1855,405; Hofmann, A. 108,357; Strcrker, 
A. 105, 300; v. Bath, P. 110, 115; Jdrgessen, 
J. pr. [2] 3, 342; Lc Bel, Bl. [2] 27,444 ; 
Michaelis a. Itcese, A. 233, 42. 

Tri-methyl-stibine SbMe 3 . Mol. w. 1G7. 
(81°). S.G. *3 : 1-523. 

Preparation. - An alloy of antimony (4 pts.) 
and sodium (1 pt.) is mixed with sand and Mel 
and distilled. Mel and SbMe s pass over but 
unite in the receiver to form SbMe,I, which when 
distilled with an alloy of antimony and potas¬ 
sium in a current of C0 2 gives SbMe, (Landolt). 

Properties. —Liquid, smelling of onions, si. 
sol. water; may take fire in air. Takes fire in 
chlorine. Reduces salts of silver and mercury. 

Salts.—Unites directly with non-metals.— 
SbMe 3 Cl 2 : hexagonal crystnls, el. soluble in 
water. Formed also from SbCl, and IlgMa,.— 
SbMe s Cl 2 SbMc.,0: octahedra, sol. water. — 
SbMe ( Br 2 .—SbMe 3 Br,,SbMe 3 0: octahedra, sol. 
water.—SbMe 3 I.,: formed by heating Sb with 
Mel at 140°.—SbMr ( I.„SbMe 3 0: octahedra.— 
SbMe 3 S: scales.—SbMo 3 (N0 3 )...-SbMo 3 S0 4 . 

Tetra-methyl-Btiboiuum salts. SbMeJ. S. 80 
at 23°. From SbMe 3 and Mel: six-sided plate*. 
When distilled the vapour (SbMe 3 + Mel) take* 
lire in air.— SbMo 4 .OH: from moist Ag 2 0 and the 
above. Deliquescent alkaline crystals: absorb* 
C0 2 from air, and expels NII S from its salts. Pps. 
baryta from Bal 2 , also the hydrates of Pb, Ca, 
Cu, Hg, Ag, and Zn ; only tho last pp. is soluble 
in excoss.—SbMejCl: very soluble hexagonal 
plates; v. si. sol. ether.- (SbMo 4 ClLPtCl 4 : 
difficultly soluble orange powder; si. sol. water, 
insol. alcohol and ether.—BbMe 4 Br.—f0bMe 4 ) 2 S: 
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■olable green powder; oxidises rapidly. — 
SbMe 4 NO, [150°]; crystals, v. sol. water, not 
decomposed by boiling concentrated H*S0 4 .— 
SbMe 4 S0 4 H: soluble plates.—(SbMe 4 ) 2 S0 4 5aq. 

Di-methyl-stibine sulphides (SbMe 2 ) 2 S 3 
[o. 100°] and (SbMe 2 ) a S are formed by passing 
HjS into an ethereal solution of SbMe a that has 
been oxidised by exposure to air. 

Antimony penta-methide SbMe 5 . (c. 98°). 
Formed together with antimony tetra-incthide, 
(SbMe 4 ). 2 fc. 90 n ), by distilling trimethyl stibine 
iodide with ZnMo r Both are oils which do not 
fume in air. 

Methyl-tri-ethyl-stibonium salts SbMeEt,I. 
S. 50 at 20°. From SbEt s and Mel. Glassy 
prisms, sol. alcohol, insol. ether; tho solutions 
are lasvorotatory. HgCL gives a precipitate of 
SbEt 3 MeIl.\HgL.—SbMeEt a OII; from moist 
Ag a O and the iodide, or from the sulphate and 
baryta. Pps. metallic salts, tho hydrates of 
zinc and aluminium dissolving in excess.— 
SbMeEt,Cl: small needles. - SbMeEt a IHgI,,.— 
(SbMeEt 3 ) 2 C0 3 : amorphous. — (SbMeEt 3 ) 2 S0 4 : 
[100°], deliquescent, shining, bitter crystals.— 
(SbMeEt 3 ) 2 C 2 0 4 : glassy needles, m. sol. water.— 
SbMeEt 3 C 2 0 4 H: needles, v. sol. water. - The 
acetate, formate, and butyrate are crystalline. 

Tri-ethyl-stibine SbEt a . Mol. w. 209. (159°). 
8.G. ^: 1-324. V.1). 7*41 (calc. 7*18). 

Formation. —1. From SbCl 3 and ZnEt 2 .— 
2. From EtI and a mixture of sand with an 
alloy of Sb and potassium. —3. From SbCl 3 and 
HgEt..—4. By distilling SbEt a I 2 with Zn. 

Properties. — Oil, smelling of garlic, v. sol. 
alcohol and ether. Takes tire in air; hence it 
should bo kept under water. Decomposes fuming 
hydrochloric acid with evolution of hydrogen: 
SbEtj + 2HCI = SbEt a Cl, ^ II 2 . When slowly 
oxidised it forms SbEt.,0 and SbEt,(SbO_.).. 
Combines directly with S, So, I, Br, and Cl. 
Dilute HNO ;l dissolves it, giving off NO and 
forming SbEt a (NO : ,).. In all these reactions 
tri-ethyl-stibino behaves like a metai. An 
alcoholic solution of SbEt., shaken with Hg() 
liberates Hg while SbEt a O remains in the 
solution. 

Tri-ethyl-stibine-oxide SbEt ;( 0. 

Formation. —1. From SbEt a L 2 and Ag 2 ().— 
2. From SbEt 3 S0 4 and baryta.—3. By slow 
oxidation of an alcoholic or ethereal solution of 
SbEt 3 ; SbEt,(Sb0 2 ) 2 is formed at the same time, 
but this differs from SbEt ; ,0 in being insol. 
ether.—4. By shaking alcoholic SbEt a with HgO. 

Properties. —A syrup, v. sol. water and 
alcohol, m. sol. ether; combines with acids and 
precipitates metals as hydrates from solutions 
of thoir salts. If its aqueous solution is free 
from SbEt 3 (Sb0 2 ) 2 , no pp. is produced by II 2 S; 
otherwise a pp. of SbEt.,(SbS 2 ) 3 is formed. 
Potassium converts it into SbEt 3 . 

Tri-ethyl-stibine salts. 

Chloride.-HhBt^ S.G. ^: 1*540. Oil, 
soluble in alcohol. Ppd. by adding IICl to 
an aqueous solution of the iodide or sulphate. 
Cone. H 2 SO, decomposes it, giving off HC1. 

Oxy-chloride.-- SbEt 3 Cl 2 ,SbEt.,0. From 

the oxy-iodide and HgCl .. Deliquescent solid. 

Bromide. — SbEt.Br.,. S.G. ^: 1*953. 
Solidifies at -10°. Iusol. water, soL alcohol 
and ether. Behaves like a metallic bromide. 

Iodide.— SbEt,I 2 . [71°]. Formed by heating 


Sb with EtI at 140° ; or by adding iodine to an 
alcoholic solution of SbEt, at -15°. Needles 
(from ether). Unlike the ohloride, it is soluble 
in water. Potassium removes the iodine thus: 
SbEt 3 I 2 + Ko = 2KI + SbEt,. 

Oxy-iodide. —SbEt,L,SbEt H 0. Formed by ' 
treating the iodido with Nil,; or by mixing the 
iodide with the oxide SbEt-,0. 

Sulphide. -SbEt 3 S. From the oxide and 
PLS or from SbEt 3 and S. Soluble in water and 
alcohol. Its aqueous solutions pp. metals a3 
sulphides from their salts. 

Nitrate.— SbFjt 3 (NO s ) 2 . [63‘ / J. Formed by 
dissolving *SbEt a , or its oxide, in dilute HNO a . 
lihombohedra, soluble in water. 

Oxy-nitrate.— SbICt a O,lINO a . From the 
oxy-iodide and AgNO.,. 

Sulphate.— SbEt,SO, [100°]. From the 
sulphide and CuS0 4 . Small prisms, sol. water 
and alcohol. 

Oxy-sulp hate.— (SbEt ;i O)..Tr 2 SO,. From 
the oxy-iodide and Ag.BO,. Gummy mass. 

Tetra-ethyl-stibonium salts. 

Iodide. -SbEt 4 I, l^aq (and Jaq). S. (anhy¬ 
drous) : 19 at 20°. From SbEt.,, water, and EtI 
at 100°. Hexagonal prisms, sol. alcohol and 
ether.-SbEt 4 l pigl.,.—SbEt.I JligI*. 

Hydrate. —SbEt,OIL From moist Ag 2 0 
and the above. Alkaline syrup. Pps. metallic 
hydrates from salts : stannic oxide and alumina 
dissolve in excess. Expels Nil, from its salts. 

Ohloride. —SbEt,Cl. Hygroscopic needles. 
Forms compounds with HgCl.. and with PtCl 4 . 

Bromide. —SbEt,BrAq: needles. 

Per iodide. —Sl>Et,I 3 . 

Nitrate. —SbEt,NO a : deliquescent needles. 

Sulphate. —(SbEt 4 ) 2 SO,: deliquescent mass. 

Oxalate.— (SbEtjL.C./),. 

Antimony-penta-ethide SbEtj (?). (c. 105°). 
From SbEt.,I 2 and ZnEt... 

Tri-isoamyl-stibiiie Sb(C,II„) s . From an alloy 
of Sb with K by C 3 II n I. Fuming liquid, docs not 
take fire in air. 

Oxide. Sb(CjII n ) a O: insoluble resin, solu¬ 
ble in alcohol. 

Salts. — Sb(C 5 H,,) 3 Cl 2 : oil, heavier than 
water, soluble in alcohol, ppd. by water.— 
8b(C,H„) : ,Br 2 : oil. -- Sb(C,H„) ;i I.,: oil. — 
Sb(O j II,,).,(N().,). j ,: [20°]slendercrystals, insoluble 
in water, solubleiu alcohol.— Sb(C > ll,,) ; ,S(),: oil. 

Antimony di-isoamyl Sb 2 (C,H,,) 4 (?). Formed 
by distilling Sb(C,H,,) 3 . A heavy oil, soluble in 
alcohol. Does not fume in air, but explodes in 
oxygen. Its salts are amorphous. 

Tri-phenyl-stibine SbPh.,. [48°] (above 
300°). S.G. & 1*500. From SbCl 3 (1 pt.), 
chloro-benzcne (1 pt.) and Na; benzene being 
used as diluent. Small quantities of SbPh 2 Cl 3 
and SbPh.,Cl 2 are also formed. Tho benzene 
deposits crystalline SbPh,; this is warmed with 
alcohol containing HC1, which dissolves SbPh.UI,, 
and the residual SbPh 3 is converted into 
SbPh.,CL by chlorine. The latter is reduced by 
alcoholic ammonia and hydrogen sulphide: 

SbPh 3 Cl 2 + H 2 S - SbPh, + 2UC1 + S. 

Properties. —Colourless triclinic tables a:b:o 
= *G97 :1: *889. a-100° 38'.* 0 - 103 J 37'. 

7=75° 25'; si. sol. alcohol, v. e. sol. ether, ben¬ 
zene, glacial HOAc, CEL, chloroform, and petro¬ 
leum ; insol. water and aqueous IICl. It does not 
decompose HC1; but it combines directly with 
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halogens; it reduces cnprio, to cuprous, ohloride. 
With moreurio ohloride it reacts as follows: 

SbPh, + SHgClj = SbCIj + 3HgPhCl. 
Fuming HNO., forms SbPh,(NO.,) r 

Salts.—Sbrh,Cl 2 [143°]; long thin needles; 
not affected by water; insol. light petroleum, 
si. sol. ether and alcohol, v. sol. benzene and CS„. 
-SbPh s Br 2 . r210°J. - SbI>h s I.,. [1GU-J; white 
tables. - SbPh a (OH).,. [212°]. From the l.ro- 
nude and alcoholic KOH. Amorphous powder, 
sol. glacial HOAcand reppd. unaltered by water. 
Insol. ether, v. c. sol. alcobob Converted by 11C1 
“j£> or r HI into haloid salt.-SbPlUNOX 
[166 ]. Insol. water, sob alcohol. 

Antimony di-phenyl chloride SbPliXl, aij 
[180°]. Obtained as a by - product in pre¬ 
paring SbPli a . Needles, insol. water, sol. hot 
dilute HOI, v. e. sol. alcohol. Alcoholic Nil. 
converts it into Ph,SI>0(0H), a white powder, 
insol. water, ammonia, alcohol, ether, or 
Na^C0 3 Aq, but sol. NaOTIAq and glacial 
HO Ac. 

ANTIPYRINE V. Oxy-tZi-METHYL-QUINI/IXE. 

. APHRODJESCIN. A substance contained 
in the cotyledons of the horse-chestnut (v. 
A3scinic acid). 

APllN. When common parsloy (Ajrium 
pctrosclinum) is extracted with boiling water 
the filtrate gelatinises on cooling. Tim jelly is 
dried at 100 J and extracted with alcohol, and 
tlm alcohol poured into water. The operation 
of dissolving in alcohol and ppg. with water is 
repeated several times, and tlm apiin finally 
crystallised from alcohol, with stirring. Apiin 
also occurs in parsley seed; if this is boiled with 
water, apiol distils over, while apiin separates out 
from the residue. 

Properties. -Needles; si. sol. cold water, v. 
sol. hot water, separating again as a jelly; v. 
sol. alcohol ; insol. ether, its solution in boil¬ 
ing water gives a blood-red colour with FeSO.. 
Gives picric acid with 1INO,; and phlorogluein 
by potash fusion. 

Apigenin C,,!!,/), .Boiling dilute 11,80, 
splits up apiin into apigenin and glucose: 

c„H,A„ + H .0 = O.A. 0 ,4 2C.H..0, 

Crystallises in plates (from alcohol). It sublimes 
near 294°. SI. sol. lint water, v. sol. alcohol, 
iusol. ether. Potash fusion gives phlorogluein, 
protoentrehuio acid, p-oxybenzoio acid, and 
oxalic acid. 

Inferences —Bump, Buchner's liepert . f. 
Pharm. 6,6; Biacotiiiot, A. Oh. [ 3 ] <) 260• v 
Plants a. Wallace, A. 74, 262; Lindenhorn' B. 

9, 1123; v. Goricliten, B. 9, 1121; Whitney, Ph. 

[o] 10, 585. 

APIOL C,JI„0,. [30°]. (c. 300°). Extracted 
by alcohol from parsley seeds (v. Gerichton, 13. 

9, 1477). Needles; insol. water. Alcoholic 
KOH converts it into two crystalline bodies. 
[61°] and [111°]. The essential oil obtained by 
distilling parsley seeds with water contains apiol 
but consists chiefly of a terpene, (l(iO°-llli 0 ) 
S.G. — '805, [a] — :t0'8°. It lias a strong smell 
of parsley. A small quantity of a hydrochloride, 
[116°j, can be gi* from it. 

llefcrcnces .—Lowig a. Wcidmann, P. 10, 53 • 
v. Gerichten, B. 9, 258, 1121, 1477; Pabitzky, 
Braunschw. Anzcigcr, a.d. 1754; Btanclict a! 
Sell; A. 6, 301; Marti us, A. 4,267 ; Homollo a. 
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Joret, J. Ph. [8] 28, 212; and the referenoeu 
under Apiin. 

AP6-. Compounds beginning with this prefix 
are described under the words to which it ia 
prefixed. 

AP0GYNIN. The root of Apocynttin Can\ut~ 
hium contains amorphous resinous apocynin, 
sol. alcohol and other, v. si. sol. water, and a 
glncosidc, apocynein (Schmicdeberg, Ph. fill 
- 13, 942). 1 1 

APOPHYLENIC ACID. The methylo- 
[ hydroxide of cinchomeronie acid ; t. Priunm* 

PI-CAKBOXVI.IC ACID. 

APPLES. The artificial essence of apples 
contains iso-amyl iso-valerate dissolved in 
rectified spirit (Hofmann, A. 81, 87). 

APRICOTS. The artificial essence of apricots 
contains isoamyl butyrate and isoamyl alcohol. 

AQUA REGIA v. Cm.oium>MC acid. 

AQUA VITA!. Alcohol. 

ARABIC ACID (Arabin) C, JI,..O u ; 

(Neubauer, J. pr. 02, 1U3; 7l“, 255); C 1 .,1I...,0 11 
(Scheibler, 13. 6, 012); C 88 H lli{ 0, 4 (O’Sullivai), 
C. J. 45, 41). 

Occurrence .- It is a constituent of probably 
all luivorotatory gums, and has been isolated 
from Levantine, Senari, East Indian, Senegal, 
and Turkey, gum ; these gums contain also, aa 
a rule, other acids different from, but closely 
allied to arabic acid (O’Sullivan). It exists in 
sugar-beet (Scheibler), and in the extract of yeast 
obtained by boiling water (Schiitzcnberger, BL 
[2j 2.1, 201; C. H. 78, 41)3). The beet gum ia 
probably related to arabic acid, but there is no 
evidence that tho yeast-extract body belongs to 
the arabin group. Many gum-like constituents, 
of seeds and roots are referred to as gums, but 
tho great bulk of them obviously hold no relation 
to arabic acid. It is found in certain animal* 
i (Stiideler, A. Ph. Ill, 26). 
j Formation.— It is a product of the action of 
sulphuric acid on algic-inucilagc (Hrown, Ed. 

; Ph. 1. 26, -100); on quince, linseed, and Hca-wort 
mucilages, cellulose being at the same time pro¬ 
duced (Kirchncr a. Tollens, A. 175, 205); and 
on metagummic acid (Fr6my, C. R. 50, 125). 
Cellulose is transformed into gum in plants 
(Mcreadante, G. 5, 408). In none of these case* 
have we any information as to the character of 
tho gum produced. 

Preparation The Irevorotatory gums aro 
principally potassium, magnesium, and calcium 
salts of arabic or allied acids; they contain 
from 12 to 18 p c. water, and yield 2 7 to 3 0 p.c. 
ash consisting almost wholly of carbonates of 
these metals. Any one of these gums is dis¬ 
solved in tho least possible quantity of water, 
the solution is nlloved to stand, and, when 
clear, decanted from any insoluble matter. To 
the clear liquid twice or thrice as much HCI 
as is sufficient to convert the bases into chlorides 
is added, and the gum-acid or acids are precipi¬ 
tated by a moderate excess of alcohol. If the gum 
contains only arabic acid, the whole pp. can be 
purified as is described below when dealing with 
one of tho fractions ; but if, as is very frequently 
the case, other allied acids are also present, it ia 
necessary to have recourse to fractional pre¬ 
cipitation to isolate tho arabic acid. It ia 
found in the fractions least soluble in dilute 
alcohol, and may be obtained as follows The 





ourdy pp. ( produced by exoew oI alcohol in 
presence of HCl, is well washed with spirit, and 
Chen pressed as free from it as possible. It is re¬ 
dissolved in warm water, oare being taken to avoid 
heating for any length of time, because even 
the small quantity of HCl retained by the pp. has 
a tendency on heating even for a short time to 
decompose the arabio acid, as will be described 
below. The solution is cooled, and alcohol 
gradually added with continual stirring. In 
this way, the liquid can be made milky without 
the formation of a pp.; from this • milk ’ the 
acid or acids can bo precipitated in successive 
fractions by the addition of HCl in carefully 
graduated quantities. If 4 or 5 fractions are 
obtained, one or more of them is arabio acid. 
Each fraction is freed from ash by repeated 
precipitation from aqueous solution with alcohol 
in the least possible excess in presence of HCl, 
and from IICl by repeated precipitation from 
concentrated solution by the rapid addition of 
strong alcohol, whereby the production of a 
‘milk’ is obviated. The fractions thus puritied 
are treated with alcohol (S.G. *81) to render 
them friable, rubbed down to a powder, filtered 
out, pressed, and dried over sulphuric acid. 
Thus prepared they are white, friable bodies, 
easily soluble in water. If in this state they 
are exposed for any length of time to a tem¬ 
perature of 100*, they are converted into the 
meta modifications (meta acids) which are in¬ 
soluble in water and only swell up to jelly-like 
masses when treated with it. If, however, they 
are previously dried in a vacuum over sulphuric 
acid until the weight becomes constant, they can 
then be dried at 100° without becoming insoluble. 
The fraction or fractions which arc found to 
have an optical activity, [a] ( = —20° to — 28°, 
and which, when again divided, yield fractions ; 
each of which has the same activiiy, consist of 
arabic acid. 

Pro 2 )erlie$. —Arabio acid, when slowly dried 
out of syrupy solutions, on glass pLtes, is a 
brittle, transparent, colourless, glassy body, solu¬ 
ble in water. During the drying process, espe¬ 
cially if a little mineral acid is present, the 
acid is frequently converted into the meta modi¬ 
fication. Solutions of tho body aro strongly 
acid to litmus paper, and have a sharp acid 
taste; they completely neutralise solutions of 
the alkalis and alkaline earths, and decompose 
carbonates. Tho salts of tho alkaline earths 
are proeipitated out of solution by alcohol; those 
of tho alkalis aro not precipitated under the 
same conditions, hut yield peculiar milky or 
opalescent solutions from which arabic acid, 
with some of the alkalino salt, is precipitated on 
the addition of stronger acids. BaSO„ PbS, and 
other sulphides, and some hydrates precipitated 
in solutions of arabic acid, cannot be filtered out, 
but pass, in greater part, through the filter. 
Fine animal charcoal is carried through in the 
same way (C.O’S.). Gum arabic prevents the pre¬ 
cipitation of the alkaloids by phosphomolybdio 
acid, potassium-mercury iodide, and tannin 
(Lefort a. Thibault, J. Ph. [5] 0, ICO). These 
Are properties common to all the gum acids. 
The defining characters of arabic acid are its 
optical activity, viz. [o]j - — 26° to — 28°, for 
eolations containing 5 to 6 grams dry substance 
in 100 c.o., and the composition of its neutral 


barium and oaloiom salts; in the dry state, the 
former contains 6-0 p.o. BaO and the latte; 
2*28 p.o. of GaO (O’S.). Solid gum roasted with 
oxalic acid yields metagummio acid (Fr 6 my), this 
is dissolved by solutions of the alkalis and alka¬ 
line earths with the reproduction of arabic acid 
( v . Rhem. D. P. J. 216, 539). Gum arabio and 
tragacanth are rendered insoluble by potassium 
bichromate and light (Eder. J. pr. 19, 299). 
Gum, even in small quantities, injected into 
the blood diminishes the elimination of urine, 
large doses completely stop the secretion, with 
a marked increase of blood pressure (ltichet a. 
Montard-Martin, O. R. 90, 88 ). 

Reactions. —1. Heated with moderately strong 
nitric acid , arabic acid yields mucic (v. Kiliani, 

B. 15, 34), saccharic, oxalic, and tartaric (Liebig) 
acids; with fuming nitric acid it yields substitu¬ 
tion products.—2. Gum heated in sealed tubes 
with bromine yields a colourless or yellowish 
liquid, probably C,«H SB O lo Br„ which, when treated 
with silver oxide, lead oxide, or caustic soda, 
is converted into isodiglycolethyIonic acid, 

C, 2 n, u 0 12 (Barth a. Illasiwotz, A. Ch. Pharm . 
122, 96). It is possible some of the decomposi¬ 
tion products of arabic acid would yiold the 
same results. 3. Gum arabic or arabin when 
heated to 150° with 2 parts acetic anhydride 
yields tctracetyl-diarabin (?) C l 2 H ltf (C 2 H 3 O),O 10 ; 
and, when heated to 180' with 6 to 8 parts of 
the anhydride, a body having the composition 
C,.H, s (C.Ji,0) s 0 10 ; these acetyl derivatives are 
wiiite amorphous powders (Sehiitzenborger a. 
Naudin, A. Ch. [4J 21, 235). These bodies are 
certainly not derived from arabic acid as a 
whole, but from somo one of its decomposition 
products (C. 0\S.).—4. Pepsin , in dilute HCl solu¬ 
tion, acts on dextrorotatory gum acid, arabinose 

j being amongst the products ; pancrcatin has no 
action (Fudakowski, B. 11, 1072). 5. (a) Gum 
arabic left for some time in contact with 
sulphuric acid is converted into dextrin (!) and, 
on boiling, yields a sugar probably identical with 
galactose (Berthelot, C.O. 21, 219). (b) Strong 
sulphuric acid converts a strong solution of 
gum in a few hours into metagummic acid; but 
gum arabic freed from lime by oxalic acid is not 
transformed in the same way (Frfimy). ( c ) Pul¬ 
verised gum arabic, triturated with strong sul¬ 
phuric acid, yields sulphogummic acid and a 
peculiar gum resembling that produced from 
linen by the action of sulphuric acid (Braeonnot) 
and not capable of fermenting with yeast (Gu 6 rin- 
Varry). (fl) Arabic acid, digested with dilute 
sulphuric acid, yields a crystallisable sugar, a 
non-crystal lisable one, and an acid the barium 
salt of which is insoluble in alcohol: gums from 
different sources yield these bodies in various 
proportions, some varieties yielding scarcely 
any of the crystal!isablo sugar (Schcibler, B. 
6 , 612). * ( c) A solution containing 30 grams 
arabic acid (pure), 100 c.c. water, and 2 grams 
sulphuric acid, yields, on digestion at 100 ° for 
15 minutes, at least two sugars and a new acid 
the Ba salt of which is insoluble in alcohol: the 
following equations represent the change :— 

I* 0 Hn H lw O r4 + H*0 =r C h 3 H 192 O w + C H H n Og 

Arabic acid a-arabinosio acid a-arabi noso 

n. OgjH^O^ + HjO^ C 77 H, ? A. + ^bH| 8 0 # 

0 -urabinnsic will o- or /J-aribinnite 
III. C 77 H 1 K 0 fl4 + H 3 0«= 0 7 ,H|, 8 0 m 4-OJELjOg 

y-ArabinoHlo now A-AntblniM*. 
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Continued digestion produoei ohangee that 
.may be represented as follows:— 

III. IV. V. VI. VII. and VIII. 

1^7.11-;..0.. + 9H,0 =» 0 (1 H, 8 Oj, + fiO H|;0 ( 

0-arabinusio rtcld. j3* 7 -i-ttrHbtno80. 

On further digestion we get: 

IX. C„H is O a ,4 n i O = C Jr H il O ;1J +C„H 1 A 

t-ambinosic acid 3-:irabi»«>so (?) 

X. C 3a H M 0 32 + H 2 0 = C 21 ,H 4S 0 27 + C d H,..O a 

K-iirublriunift acid, i-arabinose (?) 

XI. + H.,0 = 0 J1 1 ,0.„;+ C„H, A 

A-arnbinosio acid 5-arabiuose (?) 

This last acid is very stable, resisting the 
action of a boiling 3 to 4 p.o. solution of sul¬ 
phuric acid for a considerable time (O’Sullivan, 
C. J. 45, 41). a-arabinose is not yet fully do- 
scribed ; j 8 -arabinoso 1 is Scheibler’s arabinose, 
7 -arabinoso is probably identical with galactose, 
and the remaining sugar or sugars are imper¬ 
fectly described. Theso reactions convey some 
idea of the constitution of the gums of the 
arabin group, i.e. of those which are salts of a 
gum-acid with alkalino or alkaline-earthy bases, 
and enable us to understand some of the differ¬ 
ences observed in their properties. Those 
bodies vary considerably in optical activity; this 
is due (a) to the varying proportions of different 
closely related acids they contain. O’Sullivan 
found the acid of some samples of gum arabic 
to consist almost wholly of arabio acid, whilst 
others contained also a-arabinosic acid, [a]j = 
-30°, and an acid (C 9 i H, V 2 0 79 ), [a]j = — 23 J , with 
a C u H, 0 O a group more than arabio acid. ( b ) To 
the character and position of the group 

in the acid from the C 2 :| H., M 0 2 , body upwards. 
Kiliani (l.c.) shows that different varieties of 
gum yield, when oxidised with IINO a ,proportions 
of mucic acid varying between 14*3 and 38-3 
p.c., thus indicating & difference in the number 
of galactose ( 7 -arabinose)-yielding groups they 
contain (seo also Solieibler). And (c) possibly to 
the structure of the C 2 ;,H 3 s 0 22 group itself. The 
gums, too, vary much in the character of the 
solutions they yield (Gin. 15, 194); some give a 
thin syrupy solution, others a thick and jelly- 
like one; this is due to the varying proportion 
of the acid naturally converted into the meta 
modification—the gums which yield the thinnest 
solutions are those which contain the greatest 
amount of ash. Gums from the same source 
have not always the same optical activity; 
Scheiblor found tho beet gum of one season +, 
and of another — ; Kiliani states that East Indian 
gum, and gnm arabic elect, are +, the samples 
of these gums examined by O’Sullivan were —; 
the sample of Australian gum examined by the 
former was +, that by tho latter, inactive. From 
this it would appear that tho same plant does 
not produce the same gum in every season, but, 
on tho whole, it is fairly certain that tho acids 
of all tho gums are constituted in the samo way 
as arabic acid described above. 

Combinations.— The arabic salts of the alka¬ 
line earths are prepared by exactly neutralising 
moderately strong solutions of the pure acid 
with clear solutions of the earth ^he salt of 
which is required, precipitating with alcohol, 

1 According to Kiliani (/?. 20, 339a, 1233) the formula 
of arabinose is O.HmO,; should this prove to bo so, the 
formu'a of arabio acid and of the arablnosio aclda must be 
diinluUhed by a CFI.O group for every moleoale of 
araWuuBe-yielding group they oontain. 


treating the pp, with strong alcohol until it 
admits of being powdered, collecting the powder 
on a filter, pressing, and drying over sulphuric 
acid. The Ba salt contains C 8l ,H M ..0 71 Ba0 (6*0 
p.c. BaO) and the CaO salt, C SB II M2 6 74 CaO (2-28 
p.c. CaO). When th^syrupy solutions of these 
salts are allowed to dry spontaneously they 
yield glassy, transparent masses, like natural 
gums: the salts of tho arabinosio acids yield 
similar bodies. C. O'S. 

ARABITE C,H,„0 5 which is probably 
CH 2 (OH).CH(OII).CH'(OH).CH(OII).CH 2 (OH). 
Penta-oxy-n-pentane. [102°]. Obtained by 
reduction of arabinose with sodium-amalgam, 
keeping the solution carefully neutralised. 
Small prisms or needles. V. sol. water and hot 
90 p.c. alcohol, v. si. sol. cold alcohol. Sweet taste. 
Does not reduce Folding's solution. Does not 
loso water at 100° (diff. from sorbite) (Kiliani, 
B. 20, 1233). 

ARABONIC ACID v. Trtra-oxv-valeric acid. 

ARACHIC ACID C 20 H 4O O 2 . Mol. w. 312. [75*6°]. 

Arachidic acid. 

Occurrence. —1. In the oil from the ground 
nut Arachis hypoyaa, from which it is obtained 
after saponification (Gossmann, A. 89, 1).—2. In 
blitter (Heintz, P. 90, 140).—3. As glyceryl 
ether in the fruit of Neplielium lappaceum (Oude- 
mans, J. pr. 99, 407). 

Formation. —1. By potash-fusion from bras- 
sidic acid (Goldscluniodt, J. 1877,728).—2. From 
stearic acid by converting it into the correspond¬ 
ing alcohol,C l7 JI 3a CILOH,and iodideC, 7 H 34 CH 2 I. 
Tho latter gives octadecyl aceto-acetic ether 
when treated with sodio-aceto-acctic ether, and 
alcoholic KOTI thence produces aracliio aoid 
(Schwcizer, Ar. Ph. [3J 22, 753). 

Properties. —Small Bhining plates; v. sol. 
boiling alcohol, and ether; insol. water. Gives 
a nitro-, [70°j, and an amido- [f>9°], arachic acid. 

Salts.—(Sclieven a. Gossmann, A. 97, 257). 
AgA': prisms (from alcohol)—CuA' 2 : needles 
(from alcohol) - BaA'„: hardly soluble in alcohol. 
- SrA' 2 - MgA/ 2 : crystalline powder (from alco¬ 
hol). - KA': usually gelatinous. 

Me thy l ether. [55°J. Scales (Caldwell, 
A. 101, 97); [53°] (Schweizer). 

Ethyl ether. [49*5°J. (296°) at 100mm. 

Iso-amyl ether. [45']. Seales. 

A rachins. Prepared artificially by heating 
arachic acid with glycerin (Berthelot, A. Ch. [3] 
47, 355); they are insol. ether. Di-arachin 
0,11,(011)(OC 20 H 31 ,O) 2 melts at [75°]. 

Arachyl chloride C 20 H 3 ,O.C1. [07°]. 

Unstable (Tassinari, J?. 11, 2031). 

Aracham ide C 2u II 39 O.NH 2 . [99°]. Prisms 
grouped in stars; insol. water, sol. hot alcohol 
(Gossmann a. Schcvun, A. 97, 202). 

Acetic-arachic anhydride 
C 20 H m O.O.Ao. [00°]. From AcCl and potassium 
arach ate. Scales (from ether) (T.). 

Valeric-arachic anhydride 
C 20 H. ib O.O.C ; ,H 9 O [C8°] (T.). 

ARALEIN. The bark of Aralia spinosa con¬ 
tains a tannin which gives a green colour with 
Fq 2 C1 k , and a glucoside called aralein. The latter 
is a neutral, light-yellow substance, sol. water 
and alcohol, insol. ether, benzene, and CHC1,. 
Gives no pp. with lead aoetate, HgCl^, or PtCL. 
Boiling dilute HOI converts it into white arall- 
retin, insol. water (Holden, Ph. [3] II, 210). 



ARBOL-A-BBBA aiDUi. ' T iiie ptt>dtH5t ot % 
tee (Canaritom album) growing inthePhilippine 
Islands (Maujean, /. Ph. 9, 46; Bonastre, J. Ph. 
10, 199). Baup ( J.pr . 56, 83) finds lour crystal¬ 
line substances in it: A m y r i n [174°J; B r e i d i n, 
&•39 at 20°; Brein [187°j; and Bryoldin 
[185°]. 

ARBUTIN C j 2 H 18 0, Jaq. [166°]. 

Occurrence.— Together with methyl-arbutin 
in the leaves of the red bearberry, Arctosta- 
phylos Uva Ursi (Kawalier, A. 82, 241; 84, 36G), 
and in the leaves of a species of winter-green, 
Pyrola umbcllata (Zwenger a. Himraelmann, 
A. 129, 203). 

Preparation.— The aqueous infusion of the 
leaves is ppd. by lead acetate, excess of lead re¬ 
moved by H.,S, the filtrate evaporated and the 
arbutin extracted and crystallised by a mixture 
of ether (8 pts.) and alcohol (1 pt.). The pro¬ 
duct is a mixture of arbutin and methyl- 
arbutin, which can be separated by crystallisa¬ 
tion from water (H. Schiff, G. 11, 99 ; 13, 538; 
A. 221,305; cf. Habermann, M. 4, 753). 

Properties. —Long glistening needles which 
melt at 105°, but, on second fusion, at 187° (H. 
Schiff, B. 11, 304; A. 206, 159). V. sol. alco¬ 
hol and boiling water, v. si. sol. ether. Its 
aqueous solution gives no pp. with lead acetato 
or subacetate. Does not reduce alkaline cupric 
solution. Dilute Fe..Cl 0 . gives a blue colour. 

lhactions. —1. Split up by emulsin or by boil¬ 
ing dilute II SO, into liydroquinone and glucose 
(Streeker, .4. 107, 229).-2. H,S0 4 and MnO, 
form quinone.—3. Converted by Ag. : 0 into water 
and di-arbutin, an extremely soluble syrup, 
whence arbutin can be recovered by reduction 
with Zn and 1I.SO, (Schiff, .4. 154, 244).—4. 
Chlorine passed into an aqueous solution forms 
di-, and tri-chloro-quinones (Streeker, A. 118, 
295). 

Acetyl derivative C^HnAc.O,. Plates 
or needles (from alcohol), insol. water. 

Benzoyl derivative C,..Hj,Bz t ,0,. Crystal¬ 
line powder, si. sol. alcohol. 

Di-nitro-arbutin Golden 

needles (from water); insol. ether (Mlasiwetz, 
a. Habermann, A. 177,313). Gives an orange 
pp. with lead subacetate. Boiling dilute H.BO, 
gives di-nitro-hydroquinone. Converted by Ac..O 
into C 1 ,H„Ac 5 (N0,),0 ; . 

Methyl-arbutin C,,H ls 0 7 i.e. 

C 8 H,0(OH) ,.O.C tt H 4 .OMe. [169°J (Michael); [17o°J 
(Schiff). Occurs in nature associated with 
arbutin. Penned synthetically by the action of 
acetochlorhydrose upon potassium liydroquinone 
methyl ether, KO.C,H,.OMc (Michael, Am. 5, 
178; B. 14, 2097). Also from crude arbutin by 
converting the free arbutin into methyl-arbutin 
(by Mel and KOH) or into benzyl-arbutin (H. 
Schiff, G. 12,464 ; A. 221, 366). 

Properlies.— Colourless silky needles, with 
bitter taste. Contain aq and melt at 169° 
(Michael); contain .Jaq and melt at 175° (Schili). 
Sol. water and alcohol, v. si. sol. ether. Gives 
no blue colour with Fe 2 Cl„. 

Benzyl-arbutin C,,,!!.,./), i.e. 

PhCHjO.C,. II ,O.C rt lI, ,0 4 aq. [161°]. S. *19 at 23°. 
From PhCII.Br,commercial arbutin (containing 
methyl-arbutin), and KOH in boiling alcohol. 
Excess of KOH is removed by C0 2 , and after 
evaporating and adding water, benzyl-arbutin 


Arlorescent needles. Soluble in boiling water, 
very soluble in aloohol. Does not reduce 
Fehling’s solution, except after short boiling 
with H a S0 4 which splits it up into glucose and 
benzyl-hydroquinone. Gives on nitration yellow 
needles which are benzyl-nitro-arbutin, 
C, 9 H zl (N0J0 7 , [143°J, split up by dilute H 2 S0 4 
into glucose and benzyl-nitro-hydroquinone 
(Schiff a. Pellizzari, A. 221, 365). 

Isoamyl-arbutin. From the mixture of arbu¬ 
tin and methyl-arbutin by amyl bromide and 
NaOH (S. a. P.). Needles. On decomposition 
gives iso-amyl-hydroquinone and glucose. 

ARCHIL or Orseille is a purple dyo obtained 
from various lichens ( Roccella , Lecanora , and 
Variolaria) containing acids ( erythric , lecanoric, 
Ac.'j, which on decomposition yield orcin (q. ?;.) 
which is converted by air and ammonia into red 
orcein. When K,C0 3 orNa^CO., as well as am¬ 
monia is added to the lichens litmus is produced. 

ARGININE C u H,,N 4 0 2 . Easily soluble in 
water; reacts alkaline. Occurs to the extent 
of about 3-4 p.c. in the young shoots of the 
lupine (lupinus lutcus). The shoots are ex¬ 
tracted with water; tannin and lead acetate are 
added to the extract; the filtrate is acidified with 
H.,S0 4 , again filtered, and ppd. with phosplio- 
molybdic acid; the pp. is washed and treated 
with cold milk of lime, and the solution of the 
base finally neutralised with IIX0 3 and evapo¬ 
rated to crystallisation. 

Salts.—B'HNO : , Aoq: slender white soluble 
needles; with phosphomolybdie acid it gives a 
white pp. soluble in hot water; with picric acid 
a yellow crystalline pp. is formed on standing. 
— B'JICl: large crystals. — B / z Cu(NO ;l )..3aq: 
formed by heating a solution of the nitrate with 
cupric hydrate; dark-blue'prisms, si. sol. cold 
water (Schulze a. Steiger, B. 19,1177). 

ARGOL. Crude acid potassium tartrate dc- 
2 )osited from wine. 

ARGYRJESCIN A glucosidc in 

the cotyledons of the liorse-cliestuut. Minute 
tables (from dilute alcohol). Split up by dilute 
HC1 into argyrcescetin G,,H 30 O d and glucose. 
Potash produces propionic acid and a’scinic acid 
(q. v.) (Uoehloder, J.pr. 87, 1 ; 101, 415). 

ARIBINE C,,,1L„N 1 . S. 12*9 at 23°. Abase 
extracted by dilute 1LS0 4 from the bark of 
Arariba rubra, the solution being treated with 
lead acetate and the base dissolved in ether, from 
which it separates as anhydrous pyramids or 
(with 8 aq) as four-sided prisms. V. sol. water 
and alcohol, m. sol. ether (Itietli a. Wohler, A. 

120, 217). S a It s. - B" 21101.—B"H..PtCl d . — 

B"II.,SO,. —B" 2H.S0 4 . 

ARICINE C., s ir, fi N z 0 4 . [188°]. S. (ether) 
5 at 18°. ‘ Cusconine,' Cinchovatine. Yellow 
Cusco bark contains ’24 p.c. aricine and *37 p.c. 
cusconine. Occurs also in bark of cinchona 
euprfca (Hesse, Ph. [3J 12, 517). Prisms (from 
dilute alcohol); insol. water, v. e. sol. chloro¬ 
form, m. sol. ether, v. si. sol. alcohol. Solutions 
are not fluorescent. Lievorotatory in alcoholio 
or ethereal solutions; its solution in dilute 
HOI is inactive. In a 1 p.c. ethereal solution 
[«]d= — 94*8°; in a 1 p.c. alcoholic (97 p.c.) 
solution fa]„«=-54°. Aricino is turned dark 
green by cono. HN0 3 . Bleaching-powder and 
NH 3 only ^ive a yellowish colour. 



3 HI. - B'HHO P —»,E,a0 4 : aleodw needles, 
n. sol. cold water.—B'H 3 S0 4 : small prisms, v. 
1 sol. cold water.—B'H0Ac8aq; grains, v. sL 
ol. cold water.-—B'H 2 0 3 0 4 2aq: white prisms, 
[uickly changing to rhombohedra, S. *049, si. 
ol. hot alcohol. — B'HSCy. — Salicylate 
l'C 7 H 6 0,2aq. 

Beferences.—Pelletier, A . Ch. [2] 42, 330; 
1,185; Pelletier a. Corriol, J. Ph. [2] 15, 575 ; 
averkdhn, Bepert. f. Phar?n. 83, 357; Manzini, 
1 Ph [3] 2, 95; Howard, Ph [3] 5,908 ; Hesse, 
. 160, 259; 181, 68 ; 185, 321; 200, 303. 

ARNICIN a 0 H 30 O 4 (?). An amorphous sub- 
lance present in the root, leaves, and blossoms 
! Arnica montana (Walz, N. Jahrb. Pharm. 
1,175; 14,79; 15,329). 

AROMATIC SERIES. Substances whose mole¬ 
cules contain a benzene nucleus are said to 
Ibelong to the aromatic series. 

Elements attached to a carbon atom belong¬ 
ing to the benzene nucleus are more firmly 
fixed than when attached to a carbon atom not 
in that nucleus; in the former case the deriva¬ 
tive (called an cso derivative) has the character 
of a derivative of benzene, in the lutter case the 
derivative (called an exo derivative) behaves liko 
a fatty compound. Thus mi-cliloro-toluene 
(benzyl chloride) C,II a CII 3 Cl behaves like ethyl 
chloride, being readily converted into an alcohol, 
amine, or cyanide, by treatment with KOH, Nil.,, 
or KCN, respectively; while c.w-chloro-tolucne, 
C u H,C 1.CII 3 , is not affected by these reagents. 

It must, however, be added that tho ease with 
which a given atom or radicle in the molecule 
of an aromatic compound may be displaced 
depends not only upon its position in relation to 
the carbon atoms but also upon the existence 
ind position of other elements or radicles in the 
nolccule. Thus o- and p- t but not in-, chloro- 
litro-benzene are converted by hot aqueous 
)otash into nitro-phenols, and by NJI a into 
litro-anilines; while chloro-phenols and chloro- 
>enzcne sulphonic acids are converted into di- 
•xy-benzenes by potash-fusion. 

Halogens acting upon cold hydrocarbons in 
ho prescnco of carriers (such os I) enter the 
enzene nucleus, but when acting alone upon 
ydrocarbons at 100° or upwards they enter a 
ide chain (exo position). Direct sunlight has 
Jie same effect as elevation of temperature, but 
its effect is entirely counteracted by the presence 
of iodine (Schramm, B. 18, COG). Halogens 
attack a benzeno nucleus that already contains 
hydroxyl, ainidogen, or SO ;i H, with much greater 
vigour than when its carbon atoms are united 
only to hydrogen and carbon. 

Cone. HNOj, and cone. II 3 S0 4 attack aromatic 
compounds, NO* and SO s H displacing II in the 
nucleus; they do not act upon fatty compounds 
in this way. 

The constitution of the molecule of bonzene, 
ind the methods by which the relative position 
)f elements or radicles in the molecules of its 
lerivatives have been determined will be dis- 
sussed in another article, v. Benzene. 

laws of Substitution.—I. When one of the 
ollowing radicles has displaced one of the atoms 
if hydrogen in tho benzene molecule, forming 
he compound C 8 HyA, any new group on enter- 


iag -will take np^» position mta to A. Her. A 
«ay be.OOjfl, 86,H, or NO,, and probably also 
ON, CBtO, SO,Ph, and CO.OH, (Hubner, B. 8, 
873 i NOlting, £. 9, 1797; cf. Armstrong, C. J. 
61, 269 1 Morley, C. J. 61, 679). 

II. If in a substituted benzene, C„H 4 B, the 
substituting element or radicle be not one of the 
’’’’g, then any new group on entering will 
take up an ortho or a para position; usually 
chiefly p with a little o. Examples of B are 
NH 2 , NIIAc, OH, Cl, Br, I, CH S and all chains 
of carbon atoms except such as begin with CO. 

These lnwa toll product of the 

substitute. of isomerides at 

variance wit;. • be formed. 

Tho radicle* on.au «.»■ < mciu substitution 
are all composed of an element (N, C, or S) 
united to a chlorous group; CC1 9 is also a radicle 
of this kind, and it gives a m-nitro-derivative, 
but it also gives a^-chloro-dcrivutive. 

The radicles that induce p or o substitu¬ 
tion are cither single elements, or elements 
united to basylous elements or groups. The 
radicles CH,C1 and CHC1 2 are intermediate in 
character; the latter appearing to resemble 
CCI 3 , the former resembling CH.,. Armstrong 
points out that the radicles producing m deriva¬ 
tives are unsaturated, and might form additive 
compounds before substitution takes place. 

Amido compounds in presence of excess of 
lESO., (20 pts.) when treated with the calculated 
quantity of IJNO., dissolved in TLttO,, added at 
0°, give chiefly meta-nitro derivatives, some of 
tho p-nitro derivative being also formed. Ex¬ 
amples: aniline, acetanilide, tnluidine, xylidine, 
yj-bromo-anilino (Nolting a. Collin, B. 17, 201), 
di-mcthyl-aniline, di-ethyl-aniline (droll, B. 19, 
198), ethyl-aniline (Nolting a. Slm-ker, B. 19, 
540). The amount of meta-nitro derivative 
formed is increased by increasing the quantity 
of sulphuric acid present. In all these cases 
nitrogen is attached to a chlorous radicle, aniline 
sulphate being C i; H i N(O.HO ;i H)H 3 , and might 
therefore be expected to produce a meta deri¬ 
vative. It is, however, curious that a solution of 
aniline sulphate in a small quantity of sulphuric 
acid gives very little w-nitraniline on nitration. 

When a new element or radicle enters a 
benzene nucleus in which more than one II is 
already displaced if it can satisfy the require¬ 
ments of each of the substituents already present 
it will do so; if not it obeys the most powerful 
substituent preront. The following appears to- 
be the order of priority, beginning with the 
strongest: 

HO; NH 2 ; halogens; CH 3 ; other alkyls; NO,,; 
CO.JI and SO.,H. T.ie conversion of p-nitro- 
phenol into C jl 3 (OH)Br(NO .) [1:2:4], and that of 
o-nitro-phenoi into C 6 II 3 (OH)Br(NO.j [1:5:2], by 
the action of Br are instances where both NO* 
and OH are obeyed; but in the action of Br upon 
p-bromo-phcnol and of HN0 3 upon CJl^OIljcia 
[1:2:4] the new substituent obeys the stronger 
radicle, producing CJL(OH)Br 3 [l:2:4:6] and 
C 0 Ho(OH)Cl 2 (NO. J ) [1:55:4:6] respectively. 

When a hydrocarbon radicle is introduced 
bv the agency of AlCl a it does not always follow 
the foregoing rule; thus m-xylcnc is the chief 
product of the action of MeCl upon benzene ira 
presence of AlCl a . 
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Different** between o, m, and p compounds. 
Ortho, meta, and para compounds usually boil 
at about the some temperature, but the para 
■compounds have the highest melting-points. 
The ortho compounds are usually the most, and 
' the para compounds the least, volatilo with 
eteam. In the oxidation of ortho compounds 
the benzene ring is liable to bo broken up, while 
in the meta and para compounds this is not the 
case (r. Hydrocarbons). Ortho compounds 
readily give rise to products of condensation in 
which the side chains may be supposed to be 
joined in tlio form of a ring; this tendency is 
observed to some extent in the para scries but 
not at all in the meta series. Thus by loss of 
H*0 o-amido-phenyl-glyoxylic acid gives isatin; 
*o-amido-cim:amic acid gives earbostyril, o-oxy- 
cinnamic acid gives coumarin; phthalio acid 
gives phthalic anhydride. 

o-nitraniline hydrochloride is readily decom¬ 
posed by water, p-nitraniline hydrochloride less 
so, and w-nitraniline hydrochloride is hardly 
decomposed by water (Lellmann, B. 17, 2719). 
In general, the introduction of a radicle into the 
m-position produces less change in the pro¬ 
perties of a compound than the introduction of 
the same radicle into the o and p position, and 
of tho resulting derivatives the meta are the 
most stable. Thus m-xylene is oxidised with 
difficulty, while dilute UNO., readily converts o-, 
and p-, xylene into toluio acids. Ortho-, and 
ara-, oxybenzoic acids are converted into phenol 
y heating with aqueous HC1 in sealed tubes, 
while ?n-oxybenzoic acid, like benzoic acid itself, 
is unaffected. Ammonia converts o- and p- nitro- 
-anisols into nitranilines, but does not affect m- 
nitro-anisol or anisol itself; similarly ammonia 
converts o-, and p-, bromo-nitro-benzenes into 
nitranilines, but does not affect m-bromo-nitro- 
henzeneor bromo-benzene itself. Boiling alkalis 
convert o-, and p-, nitraniline into nitrophenols, 
but do not affect ??i-nitraniline or aniline. Anilino 
And w-nitranilinc resemble one another in 
readily uniting with phenyl thio-carbimide (form¬ 
ing diphenyl-thio-urea and nitro-di-phenyl-thio- 
urea respectively), while p-, and o-, nitraniline 
require to be heated for some time with phenyl 
thio-carbimide before they will combine. Ben- 
soic acid and ?n-oxy-benzoic acid are readily ; 
reduced by sodium-amalgam to benzyl alcohol 
and w-oxy-benzyl alcohol respectively, while o-, 
andp-, oxybenzoic acids are not attacked. Ortiio- 
and para-nitro-acetanilide dissolve in cone, 
potash ; the former is readily saponified by the 
potash, giving potassium acetate and o-nitro- 
anilino; a similar decomposition occurs with the 
latter, but with greater difficulty. Meta-nitro- 
Acetanilide is insoluble in cone, potash, and is 
scarcely affected by it (Kleemann, B. 19, 336). 
The substitution of an atom of hydrogen in the 
nucleus by an atom of bromine is accompanied 
by absorption of heat; in an actual experiment 
this is not observed, being more than counter¬ 
balanced by the heat developed in the simul¬ 
taneous formation of HBr (Werner, Bl. 4G, 
282). 

Occasional reactions. 

1. Acetyl bromide not only displaces H by Ac 
but sometimes even turns out an alkyl; thus it 
♦onvorts di-methyl-aniline and di-ethyl-aniline 


into methyl aoetanilide, and ethyl-acetanilide 
respectively (Staedel, B. 19,1947).—2. Bentoyl 
chloride sometimes behaves in tne same way, 
converting di-methyl-aniline and di-ethyl-ani- 
line into methyl-benzanilide and ethyl-benzani- 
lide respectively.—8. Nitric acid in nitration 
sometimos turns out acetyl, converting ethyl 
acetanilide into C e H,(N0 2 ) 2 NEtH [1:3:4], and 
behaving similarly towards methyl acetanilide 
(Norton, B. 18, 1997). Nitric acid sometimes 
turns out bromine; thus it converts p-bromo- 
anilino into tri-nitro-aniline (picramido) (Hager, 
B. 18, 2578).—4. Potash converts di-nitro-di- 
methyl-anilino, C B H,(N0 2 ) 2 NMo 3 [4:2:1] into di- 
nitro-phenol, di-metbyl-amine being given off. 

Molecular changes. 

At high temporaturoa o-compounda may 
change to p-, and both o- and p- to m-. At 100° 
o-phenol-sulphonic acid changea to j?-phenol- 
aulphonic acid. At 220° potasaium salioylato 
changes to p-oxybenzoatc, while sodium sali¬ 
cylate ia not affected at that temperature. Kesor- 
cin is obtained by potash-fusion from benzene 
p-disulphonic acid, p-chloro-benzene sulphonio 
acid, and o- and p-bromo-phcnol. 

Methyl can pass from combination with 
nitrogen into the nucleus; thus dimethylanilino 
methylo-iodide at 220° gives o- and p- dimethyl 
toluidino, methyl-xylidine, and di-methyl-xyli- 
dine; while at 336° it gives ^-cumidine, 
C 8 H 2 Me s NH,_, (Hofmann, Pr. 21, 47). 

Ethyl aniline hydrochloride at 320° changes 
similarly to ethyl-phenyl-amine, C # H 4 EtNH 3 , 
while isoamyl-aniline hydrochloride becomes 
isoamyl-phenyl-amino, C B H,(C s H n )NH 2 (Hof¬ 
mann, II. 7, 626). In these cases it may bo 
supposed that Mel, MeCl, EtCl, and 0,11,,Cl re¬ 
spectively are split off and then attack tho nu¬ 
cleus ; this action of MeCl is seen in tho conver- 
sion of xylidin.ehydrochloride into ^-cumidine by 
heating with methyl alcohol at 280° (Hofmann, 
B. 13, 1730). 

Conversion of fatty compounds into aromatic. 

1. By passing acetylene (q. v.) through a red 
hot tube.—2. By heating acetone or allylene 
with sulphuric acid mcsitylene is formed.—3. 
Uvitic acid, C u II.,Me(C0 2 H) 2 [1:3:5] is formed by 
boiling pyruvic acid with baryta.—4, Oxy-uvitic 
ether is formed by the action of chloroform on 
sodium aceto-aceticether.—5. Succinylo-succinio 
ether from succinyl chloride, sodium, and 
succinic ether is di-oxy-di-hydro-terephthalio 
ether; when heated with KOH it gives liydro- 
quinone. Hydroquinone is also formed when 
succinates are subjected to dry distillation.—6. 
Phloroglucin tri-carboxylio ether is formed by 
the action of sodium or of ZnEt 2 on malonio 
ether (Baeyer, B. 18, 3457; Lang, B. 19, 2937). 
7. Tri-mcsio ether is formed by the action 
of sodium on a mixture of formic and acetio 
ether (Piutti, B. 20, 537).—8. Ilexyl iodide and 
bromine at 200° gives liexa-bromo-bonzene 
(Krafft, B. 9, 1085; 10, 801).-9. K and CO 
combine,'forming C.(OK), (Nietzki a. Bcnckiser, 
B. 18, 1833). 

Conversion of aromatic compounds into fatty. 

1. Carbonio, oxalic, and formio acids are pro¬ 
ducts of oxidation of aromatic compounds.— 
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t, Benzene is converted by KOIO, and HOI into 
OjHjCIjOj, which is converted by baryta into 
(umario acid.-»3- Nitrous acid oonverts pyroca- 
fceohin in ethereal solution into dioxytartaric 
acid.—4. HC1 and KC10 3 convert gallic acid into 
tri-chloro-glyceric acid. —5. Chlorine passed into 
a cold aqueous solution of phloroglncin gives 
diohloro-aeetic acid (Hlasiwctz a. Habermann, 
A. 155, 132). 

Aromatic acids. The principal aromatic acids 
arc those containing S0 3 H and thoso containing 
C0 2 H. The former will bo discussed as Sol- 
piionic acids, the latter will be briefly character¬ 
ised here (v. also Acids, amido-, buomo-, chlobo-, 
iodo-, and Nirno-acids). 

Fomuition — l. By oxidation of homologues 
of benzene or derivatives of sucli homologues. 
K 2 Cr 2 0 7 (2 pis.), Ii..S0 4 (3 pts.), and wate^ (3 to 
5 pts.), is a convenient mixture for the purpose ; 
but it converts all side chains into carboxyls, 
thus m- and p- xylene become iso-, and tore-, 
phthalic acids, while mcsitylcne becomes trime- 
uc acid. Dilute IIN0 : , (S.G. 1-2) and aqueous 
KMn0 4 oxidiso more gradually, attacking one 
side chain at a time, thus converting o- and p- 
tylene into o- and p- toluic acid and mesityleno 
nto mesitylenic acid.—2. Bypassing CO... over 
i mixture of a bromo-derivative and sodium: 
3 ti H,Br + C0 2 + Na 2 = C d H,C0 2 Na + NaBr(Kekul6, 
i. 137, 178).—3. By heating a bromo-dcriva- 
ive with chlorofonnic ether and sodium, thus: 
C.HJJr + ClCO..Et + Na.. = C u II i CO..Et + NaCl + 
saBr (Wurtz, A. Suppl. 7, 125).—4. By the j 
ction of COCLj or C0 2 on aromatic hydrocarbons , 
n presence of A1C1 S (Friodel a. Crafts, v. Alii- ! 
[ini usi chlobide, p. 147) the product being « 
reated with water. The amides may be pro- j 
ucod in a similar # way by using CI.CO.NH 2 
istcad of COCL, (Gaftennann a. Schmidt, B. 20, ; 
58).—5.By heating sulphonates with sodium for- j 
late: PhSOJv + IICO..Na - Pli.CO.Na + ITSO..K j 
V. Moyer, A. 156,273).—6. By saponification of 
itriles. The nitriles may bo obtained either by 
eating sulphonates or oro-ohloro derivatives 
ith potassium cyanide or by heating tliio-car- 
imides with copper (Weith, B. C, 212). Nitriles 
lay also be obtained by distilling the formyl 
srivatives of amines with zinc-dust, c.g.: 
hNH.CHO = H,0 + PhCN.—7. By oxidation of 
cohols or aldehydes.—8. Aromatic acids con- 
ining carboxyl in the side chain can be pro¬ 
ved by synthesis with aid of aceto-acetic etlior 
. v.) or of malonic ether ( q . v.).—9. Oxy-acids 
are formed by boiling diazo-acids with water, or 
by potash-fusion from chloro-, bromo-, iodo-, or 
sulpho-, acids.—10. By passing C0 2 into sodium 
phenols at 180° or potassium phenol; in the 
former case CO..H takes up a position ortho to 
the hydroxyl. Potassium phenol at 140° gives 
lalicylic acid, but at 170°~200° it gives p-oxy-ben- 
joic acid. The reaction takes place in two stages: 

I CJIj.O.Na + C0 2 = C (i H s .O.CO..Na; 

1 C,H y 0.C0 2 Na = C (i H l (0H).C0 2 Na 

jv. Oxy-benzoic acids).— 11. By heat&g phenols 
vith dilute alcoholic solution of CC1, and 
tfaOH at 100°: C ti H 5 OH + CC1 4 + GNaOH = 
: 6 H 4 (0Na)C0 2 Na + 4NaCl+.4H 2 0 (Tiemann a. 
leirner, B. 9, 1285). The carboxyl takes up 
icaitions para and ortho to the hydroxyl.— 


12. Perkin’s synthesis of qinnamio add and its 
homologues is described and discussed in the 
article on Aldehydes.— 18. Resorcin and its 
homologues are converted into (1, 3, 4) and 
1, 3, 2) di-oxy-benzoio acids and their homo- 
logues by heating with ammonium carbonate 
and water; while hydroquinone and its homo¬ 
logues heated with potassium bicarbonate, water, 
and a little ICjSO;, give (1, 4, 2) di-oxy-benzoio 
acid and its homologues (Senhofer, Sitz. B. 80, 
504; 81, 430, 1041; M. 2, 448). 

Reactions.— 1. The aromatic acids are sub¬ 
ject to the general laws governing substitution 
in the benzeno nucleus.—2. They are usually 
si. sol. water but v. sol. alcohol and ether. The 
homologues of benzoic, and of salicylic, acid 
are volatile with steam, m-, and p-, oxy-benzoio 
acids are not volatile with steam. Salicylic acid 
and its homologues are soluble in chloroform, 
p-oxy-benzoic acid and its homologues are not. 
i Ortho-oxy-acids are also characterised by giving 
a violet colouration with Fe 2 Cl„.—3. Ortho-oxy- 
acids of the form C (J H 4 (0U).CH 2 .C0 2 H or 
C (1 H,(OH).CII 2 .CII...C0 2 H have a tendency to 
produce anhydrides or lactones; ortho-araido 
acids of the form C a H 4 (NH 2 ).CH 2 .C0 2 H or 
C d H,(NH.J. CH 2 .CH.,.C0 2 H readily form anhy¬ 
drides, similarly called lactams: C u H 4 <^^ 2 ^C0, 

or lactims: C^H^^^C.OH.—4. Benzene is 

produced by fusion with NaOII from benzoic acid 
(75 p.c.), trimellitic acid, hydrocinnamic acid, and 
cinnamic acid (50 p.c.); a little diphenyl is also 
formed. Fusion with NaOH converts o-, and p-, 
oxy-bcnzoic acids into phenol (50 to 60 p.o.); 
protocatocbuic acid into resorcin (50 to GO p.c.); 
(1,3,5)-di-oxy-bcnzoic acid into resorcin (60 p.c.), 
phlorctic aeid and p-coumaric acid into p- oxy- 
benzoic acid and finally into phenol; oxy-tere- 
phtlialic acid into salicylic and p-oxy-benzoic 
acids, and finally into phenol (Barth a. Schreder, 
B. 12, 1255). 

Aromatio bases. The preparation and pro¬ 
perties of the aromatic bases have been dis¬ 
cussed in the article on Amines. They may be 
divided into two classes according as the 
nitrogen is attached to carbon in a benzene 
nucleus or in a side chain; bases of the latter 
form resemble fatty amines. Amines containing 
' aiuidogen attached to the benzene nucleus are 
weakened in basic power by introduction of 
nitroxyl or halogens into the nucleus, more 
especially if these radicles do ilht occupy a 
position meta to the amidogen. Trichlovaniline, 
dinitraniline, and trinitraniline do not combine 
with acids; the le'l-er is even saponified by 
potash with formation of trinitrophenol. 

ARSENATES. Salts of arsenic acid, v. 
Aksenic, Acids of, p. 305. 

ARSENIC. As (Arsenicum , Rcgulns arsenici t 
ipiTeuiKuu. By the term (ravtiapd'cq Aristotle seoms 
to mean a compound of arsenic and sulphur, 
called afoevindv by Theophrastus). At. w. 74-9. 
Mol. w. 299*6; 149-8 at c. 1700° (Biltz a. Meyer, 
B. 22, 725). Melts only under great pressure 
(Landolt; also Mallet, G. N. 26, 97). S.G. 
6-23 to 5*76: pure, crystalline JJ- 5*720-5-728; 
grey, pearly crystals jj? 4-71 (Bettendorf?, A. 
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144. U0)i amorphous jf 4710-4-716 (ibid, 
lx .); fused 5-709 (Mallet, C. N. 26, 97). 
V.D. 147-2 at 860° (Deville a. Troost, C. R. 

66, 871); 153-7 at 640-670° (Mitsclierlich, A. 

12, 168). S.H. crystallised, -083_; black, 
amorphous, -0758 |T( k 11 n ml o rIf a. Wiilhici’, 1. 
133 203 ). C.K. (linear at 40°) -00000559 
(Fizeaux, C. 08,1125). E.C. (Hg at 0 -=1) 
2-679 at O ', 1-873 at 100° (Matthicssen a. Bose, 

T. 152, 1). 8.V.S. cryst. 13'1; amorph. 15-9. 

,l i^xat. wt. 15-4 (Gladstone, Pr. 18, 49). 

Cl 

Chief lines in emission spectrum, v. Huntington, 

P. Am. A. [2] 9, 34; Hartley a. Adeney, T 
1884. 121. 

Occurrence .—Found native, but more fre¬ 
quently associated with other metals and 
sulphur, in widely distributed ores. Obtained 
as a principal product chiefly from nett ivc arsenic, 
arsenical iron l-'eAs.. and Fe 4 As a , and arsenical 
pyrites l-’cAsl-'eS.; 'obtained as, a secondary 
product from snialtinc , cobalt glance , arsenical 
cobalt, nickel glance, many falil-orcs, Ac. Occurs 
also in ferruginous deposits of certain mineral 
waters (Will, -4. 61,192); in nearly all iron ores 
(Walchiu-r, A. 01, 205); in soils, from the 
weathering of iron pyrites (Sonnenschein 
Ar.Fh.'i j 113,215); in tile rcsiduo obtained 
by evaporating sea water (Dauhree, Ann. M. [4] , 
19 G6‘i) • frequently found in metallic bismuth 
(Schneider, J.pr. [2] 20,418); in various kinds 
of pyrites, and hence in most samples of com¬ 
mercial sulphuric acid, and in many substances ; 
in the manufacture of which this acid is used 
(c. H. A. Smith, P. M. [4] 44, 370). _ | 

Preparation. —On the large scab by heating 
to redness, out of contact with air, arsenical 
iron or arsenical pyrites; arsenic sublimes; iron, ; 
or ferrous sulphide, remains. Prepared in small 
quantities at a time by heating As,0„ with pow¬ 
dered charcoal, or with ‘black flux,’ in crucibles 
covered with conical iron caps. Also by heating 
As.S. with charcoal, an alkaline carbonate, 
and KCN. Puriiied by resublimation after 
mixing with powdered charcoal; or by heating 
with a 8 little I (Ludwig, dr. Ph. [2] 97, 23); or 
by boiling with moderately cone. KXrO, Aq 
acidified with II,SO, (Buttgcr, J.pr. [2] 2, 131). 
Arsenic was first prepared from arsenious ocxl 
in 1694 bv Schroder ; its chemical nature was j 
further investigated by Brand (1733), Macquor 1 
(1746), Mimjet (1773), and others. Bcheclo dis¬ 
covered arsenic acid and arsenuretted hydiogen 

in i775. , , , 

Properties.— Very brittle, steel grey, lustious, 
crystallises by sublimation in hexagonal lhom- 
bohedra isomorphous with Sb and le; 
a-c= 1-1-4025.11 = 3-5. When As is sublimed 
in a rapid H stream in a glass tube the subl-'mato 
nearest the heated part of the tube consists i 
chiefly of rhmnbohedra, that farther from the 
hottest part but still on a warm portion of the 
tube (210°-220=) of black amorphous As, while 
■the coolest part of the tube is filled with yellow 
fumes which condense to grey oryatals 
.(Bettendorff, A. 141,110). Black amorphous As 
is also obtained by condensing As vapour at a 
fairly high temperature; by decomposing As 
.compounds by heating in glass tubes to 


moderately high temperatures (».g. AsHJ, or by 
heating with roduoing agents (e.g. As,©, with C) ; 
or by reduction of As compounds in the wet 
way (Engel, G. R. 96, 497). As can be obtained 
in regular octaliedra by heating a mixture of_ 
much H with a little AsII a (Cooke, Am. S. [2] 
31, 91). Amorphous As is changed to crystal¬ 
line by heating for some time at 310° (Engel, 
G. B. 90, 1314); by heating to 358°-300° 
(Bettendorff, A. 144, 110). Amorphous As when 
subjected to a pressure of 6500 atmospheres 
acquires metallic lustro and its S.G. increases 
(Spring, B. 16, 326). The vapour of As is citron- 
yellow (Le Itoux, C. B. 51, 171). The spectrum 
of As shows lines in the orange (6169-5), yellow, 
and green (5331) (Thalen, A. Ch. [4] 1H, 244) ; 
also many more refrangible linos (v. Hartley, P. 
1884. 124). As combines with Cl and O with 
production of heat; [As, Cl 1 ]=71,390; 
[As 2 , 0*1 = 154,070; [As 2 , O', Aq] = 147,120; 

[As 2 , O s ] = 219,380; [As 2 , O 5 , Aq] = 225,380 

(Thomsen), As volatilises at a dark red heat 
without previous fusion at ordinary pressures. 
The molecule of As is tetratomic (As.); the atom 
is trivalent in gaseous molecules (AsH„ AsCl a , 
Ac.). The atomic weight has been determined 
(1) by analysing, ami determining V.D. of, 
various gaseous compounds, AsH a , AsGi a , Asl a , 
As,O i; , Ac.; (2) by determining S.H. of As; 
( 3 ) by comparing isomorphous compounds of 
As Sb, and Bi, arsenates with phosphates and 
vanadates, Ac. (Wallace, P. M. [4] 18, 279; 
Dumas, A. Ch. [3J 55, 174; Kessler, P. 95, 

As is insoluble in alcohol and other, but is 
said to be dissolved by certain oils. It oxidises 
fairly rapidly in air at ordinary temperatures; 
heated in air.it burns to As,0, with a bluish 
flame ; is oxidised by nitric and sulphuric acids, 
and by fusion with alkalis. As forms two series 
of compounds, of which As ,0„ aud As Ab, are 
representatives. 

In many of its physical properties As 
is metallic, but in its chemical relations it is 
decidedly non-mctallic or negative. Exhibits 
allotropy; oxides arc acid-fonning (v. Assume, 
OXIDKS OF ; also Ausksic, acids of) ; at the same 
time As,O s appears to react with SO,, to form a 
salt, and with KH.0,11,0,, to form a compound 
analogous with tartar emetic, and with cone. 
HOI Aq to form AsCl, (v. Ausf.nious oxide, under 
A'nsuxio, oxii'KS of). Arsenious acid is unknown, 
and an aqueous solution of the oxide behaves 
towards alkalis as a very feeble salt-forming 
compound ; but arsenic acid is as strong an acid 
as phosphoric, their relative affinities are nearly 
equal (u. Affinity, p. 07). The haloid compounds 
of As do not show any marked tendencies to form 
double salts. The hydride AsH„ docs not com¬ 
bine with acids, as Nil, and HI, do ; but at the 
same time compounds belonging to the form 
AsR.X, where It is an alcoholic radicle C„H, nll , 
and X is a halogen or even OH, are known 
(n Absknic compounds, ouoanio). For a fuller 
discussion, of the chemical relations of arsemo 
p. arts. Bismuth, ciikmicat, bklations of; ana 
Nitiiooen gkocp or hi.kmf.ntb. 

Reactions. —1. Hydrochloric acid, no aotion 
in absence of air; in presence of air a little AsOl, 
is formed.-2. Nitric acid and aqua regia reaot 
with production of much heat; oxides of 
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Ai<0„, and H,A80„ are formed.—9. Hot. oono. 
sulphuric acid evolves SO„ and forms As/V— 
Molten potash or soda produces an arseniteand 
*H.—6. Molten nitre or potassium chlorate pro¬ 
duces potassium arsenate; the action is more or 
less explosive.—0. Solution of sulphur dioxide 
reacts, when heated with As in a closed tube to 
200°, to produce As,0 (1 , S, and ILS0 4 Aq, but no 
sulphide of As (Gcittncr, J. 1801. 143).—7. Am¬ 
monia solution is without action on As. 

Combinations .—1. With nascent hydrogen 
AsII 3 and AslI are formed (q. v.). —2. With 
chloriiiCf bromine, or iodine, AsCl 3 , AsBr ; „ or 
AsI 3 (q. v.) is produced.—3. With fluorine (action 
ol HF on As,0„) AsF,is formed (q. v.). —4. With 
oxygen As combines to form As,0 6 (q.v.) ; As.,0. 
(q. v.) is produced by heating one of its hy¬ 
drates.--5. The sulphides As 2 S 2 and As„S ; , and 
A8 a S ft ( q. v.) are produced by heating together 
arsenic and sulphur ; the sulphide As 2 S J is, how¬ 
ever, best obtained by decomposing solutions of 
alkaline sulpbarsenates by acid. - 6. Tellurium 
combines with arsenic to form As..Te 2 and As 2 Tc 3 , 
when the two elements are melted together in 
the required proportions (Oppenheim, J.pr. 71, 

„ 266).—7. When arsenic is melted with sulphur 
■ and selenion in the proportions represented by 
the formula} As 2 ScS 2 and AsnSSo., two bodies 
having the compositions indicated are obtained. 
Tlio first is a lustrous red semi-transparent 
mass from which the whole of the So separates 
out after some days. This body is easily soluble , 
(when powdered) in NH/lSAq. The body As 2 8Se 2 ! 
is a crystalline opaque solid which may be dis- j 
tilled unchanged; it is less easily soluble in I 
NII ( IISAq than As 2 SeS 2 (v. Gericbten, B. 7,2!') — | 
8. Arsenic appears to bo incapable of combining j 
with phosphorus directly [older experiments by J 
Lundgrche ( S . 60, 184) probably yielded only a 
mixture of P and AsJ; but if AslI, is led into 
PC1 3 , or 1TI 3 into AsC 1 3 , a red-hrown solid is ob¬ 
tained (after drying it appears as a darker powder 
without lustre) which is insoluble in alcohol, 
stlier, and CJJC1 3 , but fairly soluble in CS 2 . This 
solid is l*As ; it is changed by water into P.,As 3 0., 
flrith wliicli chlorine reacts to produce AsCI 3 ami 
POCl 3 . The compound PAs is rapidly oxidised 
>y concentrated HN0 3 , less rapidly by dilute 
3NO :t , giving II.,AsO, andH 3 P(),; solutions of 
vOTI, N H,OH, or Ba(OH) 2 , easily decompose PAs 
rapidly when warm) producing PH„ AslI.,, 
1 3 P0 2 , II 3 As() 3 , and As. Heated in air PAs burns 
o Ab 2 0 s and P.,0 3 ; heated in absence of air, or 
ri CO;,, phosphorus sublimes and then arsenic, 
hie reactions of P.,As 3 0, are very similar to 
liose of PAs(t'. Janowsky, B. 6, 216; 8,1636). — 

. Arsenic forms alloys with many metals. Some 
f these arc produced by very strongly compress¬ 
ing the constituents (Spring, B. 16, 324). These 
alloys are generally brittle, they are only par- 
tally, in many cases not at all, separated into 
fceir constituents by the action of heat out of 
Imtact with air; they are generally oxidised to 
^senates, and oxides of tho metals, by fusion 
prith nitre; fused with alkalino carbonates and 
tulphur, thio-arseni te or thio-arsenate of the alkali 
netal is generally produced, and the metals for- 
uerly alloyed with the arsenic are completely 
eparated as sulphides. Arsenides of heavy 
uetals are scarcely if at all attacked by nitric 
oid or aqua regia. Many alloys of arsenic are 


definite compounds; several of them occur 
native as minerals ( v . Winkler, J.pr. 91, 193; 
SGnarmont, A. Ch. 80, 221; Rammelsberg, P. 
128, 441). The alloys with cobalt, which are 
brittle and iron-grey in colour, are formed, with 
production of heat, by melting the elements 
together. CoAs occurs native as Smaltine ; it 
always contains more or less iron and nickel re¬ 
placing part of tho arsenic. Co 2 As : „ generally 
containing more or less iron, also occurs native 
as Skuttcrudite , or Modumite. Arsenic alloys 
with copper to form white solids which tarnish 
in the air. According to Lippert (J. pr. 81, 168) 
tho grey deposit obtained by heat ing copper in 
! an MCI solution of arsenious oxide is CJu ,As a ; 
when this body is heated in hydrogen Cu.jAs re¬ 
mains. Tho compounds Cu.,As, Cu,.As, and 
Ou„As, occur native as DomeykHe, Algodonite, 
and Darwinite , respectively. Tho alloys of 
arsenic and iron are brittle solids formed by 
J melting the elements together; FeA&j and Fc,As 3 
occur native as Arsenical iron, sometimes con¬ 
taining Ag, Au, and Gu. Arsenic alloys with 
lead to form brittle solids. With nickel, arsenic 
i alloys easily; Ni.As is obtained by melting the 
’ elements together. The minerals Copper-nickel 
Ni As, and Chant kite NiAs 2f occur native; they 
contain varying quantities of Sb, Fe, Pb, Co, and 
Cu. A lustrous crystalline alloy Ni 3 As 2 is ob¬ 
tained by reducing arsenate of nickel by char¬ 
coal at a high temperature ; Ni.,As is said to be 
formed when KCN, As, and Ni() are fused toge¬ 
ther (Descamps, C. Ft. 86, 1065). Arsenic also 
alloys, with production of much heat, with 
potassium and sodium ; the products are de¬ 
composed by water with formation of KOH (or 
Na()H)Aq, AsH„ and As. An alloy of 15 parts 
tin und 1 part arsenic forms large leaf-like 
crystals. Arsenic is not much used in technical 
cnemistry; tho alloy with lead is employed in 
making shot. Arsenic appears to form alloys 
! with several other metals, especially Ilg (?) Pd 
j and Pt. By strongly compressing (6500 atrnos.) 
As with various metals, Spring (B. 16, 326) ob¬ 
tained several well-defined alloys, e.g. Zn 3 As 2 , 
Cu 3 As 2 , Ac. Ac. 

! Detection. —In dry way. Arsenic heated 

with slight access of air volatilises with a garlic¬ 
like odour (probably duo to a lit.llo As,0 0 ) and 
' condenses on cooling as a lustrous black deposit, 

! which is easily converted into a white crystalline 
1 sublimato (As/),.) by heating in presence of 
plenty of air. Sulphides or oxides of arsenio, 
and the sails of arsenious and arsenic acid, yield 
■ sublimates of black amorphous arsenic when 
| heated with an alkaline carbonate alone or 
j mixed with charcoal or KCN (r. Frosonius, A. 49, 

I 301; ltose, P. 90, 193). Oxide of arsenic heated 
1 with much NaC 2 H :t O.. in a tube closed at one end 
1 yields cacodyl oxide, recognised by its foul smell. 
In wet way. J. Arsenious compounds . 
(i.) Sulphuretted hydrogen passed into asolution 
of As,0„, or an arsenito, acidified with HC1, 
forms a bright yellow pp. of As,S 3 , soluble in 
NH.OH, NIl.SH, and (NH 4 )..C() 3 ,'solutions, and 
reprecipitated by HC1. As.S., is said to be 
soluble in a considerable quantity of boiling 
water and in boiling dilute IIC1 ((idling, Guy's 
Hosp. Rep. [3] 1, 239). (ii.) Neutral solution 
of silver nitrate produces a canary-yellow pp. of 
AgjAsO, easily soluble in most acids and in 
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ammonia, (ill) Neutral solution of copper sul¬ 
phate precipitates green OuHAsO, (Soheele’s 
green) easily soluble in acids and in ammonia, 
(iv.) Bcinsch's test (J. pr. 24, 244). A warm so¬ 
lution of an arsenious compound acidified with 
HC1 deposits a film of arsenic on a piece of 
bright copper kept in contact with it for some 
time; this deposit may be oxidised to As,O a by 
heating in air (v. supra). The deposit consists 
of. As^.Cuj according to Lippert ( J.pr . 81, 108). 
Arsenic compounds may bo detected byReinsch’s 
test, if present inconsiderable quantity (Werthcr, 
J. pr. 82, 286), even in small quantity if heated 
for some time with HC1 (Reinsch, N. J. P. 16, 
135); the HC1 used must not be weaker than 
S.G. 1*1 (Bettcndorff, Z. [2] 5, 492). According 
to J. M. Scherer (Fr. 3, 200) the delicacies of the 
wet tests are as follows; AgNO, detects _!— 

part of As, CuSO. detects part, H..S 

e * 13.500 l 

detects !_ part, and Bcinsch's test detects 
610.000 

_J__. part, or after boiling for 1 hour — 1 . 

130,000 r * 350,000 

part of As. (v.) Marsh's test. When hydrogen 
is evolved in contact with an acidified solution 
of an arsenious compound, whether by the 
action of zinc {Marsh, D. J. 17, 191; 20, 190; 
22,175), magnesium (Roussin, J. 1866. 801), or 
the electric current (Bloxam, 0. J. 13, 14), 
arsenic trihydrido is evolved; arsenic may be 
separated by passing the gas through a glass 
tube heated at one part, or by burning the gas 
in a limited supply of air and presenting a cold 
surface of porcelain, or thick platinum (Davy, J. 
1858. 609), on which the arsenic condenses. 
The deposit of arsenic is easily soluble in 
HN0 3 , S.G. 1'2 to 1*3; the solution contains 
arsenious acid (which on boiling for some timo j 
is changed to arsenic acid), it gives the cha- ! 
racteristic yellow pp. of Ag :t AsO, (u. supra) ; the | 
deposit of arsenic is also easily soluble in I 
aqueous NaCIO free from Cl; if the deposit is ! 
warmed in dry IRS yellow As.,S ;l is produced j 
which is not changed when warmed in a 
current of dry 1IC1 gas. Arsenious hydride 
passed into aqueous AgN0 3 precipitates Ag, but 
the whole of the As remains in solution along , 
with IINOj formed in the reaction, and may bo ; 
detected by filtering and carefully neutralising ! 
the filtrate with dilute ammonia, when yellow : 
Ag : ,As0 3 is produced. [Sbll, precipitates Ag from 
AgNO s but the whole of the ttb is at the same 
time thrown down; the deposit of Sb obtained 
by heating^or burning, SbII 3 is insoluble in 
NaCIO solution free from Cl, and is much less 
soluble than As in HN0 3 Aq of S.G. 1-2 to 1*3; 
moreover, the solution in HNO a Aq gives no 
reaction with AgXO s Aq and ammonia. The 
reactions of the two gases towards AgNO ;1 solution 
affords a means for separating them (Husson, 
C. B. 83, 199).] The electrolytic method of 
preparing AsH a has the advantages (a) of 
avoiding the use of zinc which generally contains 
arsenic; ( h) of not interfering with the sub¬ 
sequent testing for other metals; (c) of allowing 
the separation of antimony if present—this is 
done by adding a little H 2 S to the liquid, whereby 
As a S 3 and Sb^S* are formed; the former is easily, 
the latter not at all, decomposed by the current 
(Bloxam, G. J. 13, 14, 338). The presence of 
HNO, prevents the formation of AsH, (Blondlot, 


/. 186$. 681). (vi.) Bettendorf* test (*.. £21 
3, 492). Stannous chloride in fuming NCI; added 
to a solution of As 4 O a or As 2 O a in the same acid, 
precipitates metallic As mixed with a little SnO a . 
This test is said to be extremely delicate; it 
may be used to detect As in presence of Sb, also 
to remove AsfromHClAq (v. also Hager, J. 1870. 
966). II. Arsenic compounds, (i.) Neutral 
silver nitrate precipitates red-brown Ag 3 As0 4 
soluble in NH 4 OIIAq and in HN0 3 Aq, but less 
soluble in HN0 3 Aq than Ag.,As0 3 , so that if 
AgN0 3 is mixed with a solution of an arsenite 
and an arsenate in HN0 3 Aq, and NH,OHAq is 
then added drop by drop, Ag 3 As0 4 is precipitated 
before Ag s AsO a ; a solution of arsenic acid in 
nitric acid is precipitated by AgN0 3 if a few 
drops of a concentrated solution of an alkaline 
I acetate are added (Avery, Am. S. [2] 47, 25). 

! (ii.) Neutral copper sulphate precipitates bluish 
green CuHAs0 4 soluble in HNO :t Aq and in 
NHjOIIAq. (iii.) An alkaline solution of mag¬ 
nesium sulphate , containing enough NII 4 C1 to- 
prevent precipitation of magnesia, precipitates 
white Mg(NH 4 )AsO,; delicacy 1 part of As in 
56,000 (Lovol, B. J. 28, 130) (cf. Estimation of 
I Arsenic), (iv.) Ammonium molybdate in excess 
precipitates bright yellow arseno-molybdate of 
! ammonium from warm (not cold) solutions of 
| arsenates containing HNO s . (v.) Sulphuretted 
■ hydrogen slowly reduces arsenic to arsenious acid 
: and then (in presence of HC1) precipitates yellow 
j As 3 S 3 mixed with S. (vi) Marsh's test. Arseni© 

: compounds in solution arc reduced to AsII a by 
I hydrogen evolved in contact with tho solution ; 

1 the reduction takes placo under the same con¬ 
ditions as, but moro slowly than, tho reduction 
of arsenious compounds (v. supra). 

Arsenic may bo reduced to arsenious com¬ 
pounds by such deoxidising agents as sulphurous 
or phosphorous acid; the reverse change may be 
accomplished by heating with IlNO a Aq, HClAq 
and KC10 3 , Ac. 

Detection in cases of poisoning. —Arsenious 
oxide or white arsenic is the usual form in 
which tho poison is administered. Becauso of 
the insolubility of this compound, small solid 
particles of it may sometimes bo picked out of 
the food or contents of tho intestine; these 
should be tested by reduction to metallic arsenic, 
<fcc., in the dry way. The 2 >oison is, however, 
usually mixed with large quantities of organic 
matter which must bo removed or destroyed, 
after which the arsenic may be ppd. as As a S, 
by long-continued passage of IRS, tho pp. may 
then bo dissolved in warm HClAq with a crys¬ 
tal of KC10 3 , free chlorine removed by warming, 
or the pp. may be dissolved in warm H 2 S0 4 Aq, 
and Reinsch’s, or better Marsh’s, test used for de¬ 
tecting the arsenic in solution. The organic 
matter may be removed by diffusion (Graham); I 
or it may be destroyed by (a) treatment with warm 
concentrated IRS0 4 Aq, (5) warming with HClAq 
and crystals of KC10 3 added from time to time, 

; (c) warming with HClAq and a little HN0 3 Aq, 
(d) passing Cl into the liquid instead of adding 
KC10 8 , (c) heating with HN0„Aq till the residue 
j is semi-pasty and yellow, adding NaOHAq till 
. the acid is neutralised, mixing with powdered 
i Na 2 C0 3 and a little NaNO„ drying in a crucible 
I and gradually heating until the mass fuse* 

I (W6hler; v. also Meyer, A. 66, 237). All re\ 



ARSENIC. 805 


Agents used must be carefully freed from arsenic; 
a blank experiment should be conducted with the 
reagents alone. 1 (Buiz a. Schulz find that cer¬ 
tain parts of the animal organism reduce As 2 0 5 
and also oxidise As,O b ; they think that the 
poisonous effects of As,0„ aro due to rapid de¬ 
oxidation and reoxidation, v. B. 12, 2199; 14, 
2400; 15, 1388.) 

Estimation. —I. Gravimetric methods. 
(i.) A8 magnesium-ammonium arsenate. 
Solution of MgSO, is mixed with excess of 
NH,OHAq and allowed to stand for 12 hours; 
this liquid is added to the solution containing 
arsenic acid to which an excess of NH,OHAq 
has previously been added. After some time 
& the pp. is collected on a weighed filter, washed 
ijNth ammonia-water, and eithor (a) dried in 
IgKiCfto over IL80 4 , when it has the composition 
sJdg.NH^AsOj.GH.O, or (5) dried at 100° to 110° 
^hereby 2(Mg.NII 1 .AsO l )H.,0 is produced, or (c) 
jjrongly heated over a Bunsen lamp (tempera- 
} being gradually raised) whereby Mg.As.,0, 
^formed. Method c is recommended by Puller 
| 'r. 10, 41), who states that the best means of 
(Verting As.Bj into arsenic acid is treatment 
red fuming IlNO s {v. also Rammels- 
B. 7, 544; Wood, Am. S. [3J G, 368; 
eivor, G.N. 32, 283).--(ii.) As arBenious 
alphidc. Arsenates are reduced to arsenites 
Wf S0 2 solution ; the arsenious solution is acidi- 
wd with IIClAq, and As is ppd. by long-con- 
||Qued passage of H.,S; the pp. is washed with , 
f}B.> to remove any S which it may contain, j 
jgUectod on a weighed filter, and dried at < 
P0°-110° (Puller, Fr. 10, 41). — (iii.) As 
franyl pyroarsenate. Uranic acetate ini 
pesence of ammonium salts pps. ammonimn- 
ranyl arsenate Nif l .U0 2 .As() l + Aq, insoluble 
l water and acetic acid*, but soluble in mineral 
iids. When this pp. is washed, dried, and 
■adually heated to blight redness, the pyro- 
senate (U(). J ) 2 As.,(), is obtained. This method 
recommended by Puller (J.c.); As 2 S 3 may 
dissolved in HClAq i KC10 3 , and the As ppd. 
Iter adding MH,.C.JI;,0 2 and H.C 2 II 3 0 2 aq. 

II. Volumetric methods. — (i.) By 
odine. Arsenious, is converted into arsenic, 
cid, by iodine in presence of alkali; a solution 
f NaHCO :< saturated in the cold and used in 
excess is the best alkali (Waitz, Fr. 10, 158).— 
(ii.) By potassium dicliromate. Arsenites 
are converted into arsenates by the action of 
K 2 Ci\,0 ; Aq in acid solutions; tho residual 
jK.jCr..0 7 is determined by a solution of FcSO,; 
ixcess of HC1 should bo avoided (Kessler, Fr. 
Ip, 205).—(iii.) By potassium permanga- 
|ate. Arsenites are oxidised to arsenates by 
|Mn.O s Aq in solutions containing II.SO,; an 
£ 0 oS of K 2 Mn 2 0 8 is added, and the residual 
dn 2 0 8 is determined by FeS0 4 solution 
laitz, he.). 

fMinuto attentlou to detailed precautions must be ot 
fcd in testing for arsenic in poisoning cases. The* 

H will be found in the following memoirs an 
33:—Marsh, 11. J. 17, 191; 20, 190; 22, 175; He* 

A. Ch. [3] 2, 16'J; Presenilis a. v. Bubo, A?49, 287 
F> A. 09, 304 ; Schneider, P. 85, 433 ; Fyfe, P. A. 
Zonger, Fr. 1, 391 ; Wohler, a. r. Siebold. A 
rr iwCricht. Verfahnn bei finer A rsenik-Vergiftung (1817) 
J*/ Ausmittelung der Gijie [English ed. On Poisons] 
kgVmlorff, Die gerkhtlkh-chrmische Ermittelung der Gif 
88); Duiios, Pnifung chcm. Gifte (1807); Taylor 
r/caf Jurisprudence; Taylor On Poisons. 

» Voi* I. 
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Arsenic acid and Arsenates v. Arsenic, 
acids OP. 

Arsenic, acids of.—(In connection with these 
compounds v. arts. Acids ; Acids, Basicity of ; 
Hydroxides.) Arsenious oxide, As,0 (i , dissolves 
in alkalis, forming salts from which other arse- 
nites may be obtained ; no hydrato of As 4 0,. is, 
however, known. The heat of solution of the 
oxide is negative; [As'O", Aq] = —15,100. Ar¬ 
senic oxide, As.jO ft , dissolves in water with for¬ 
mation of the hydrate H.,AsO <t which crystal- 
1 ises from concentrated sol utions as 2IT., AsO ,.11,0; 
these crystals heated to 100° lose water, and 
arsenic acid, H 3 AsO„ remains. By the action 
of heat on this acid, two other acids aro pro¬ 
duced, viz. at 140°-180’ pyroarsenic acid 
T^As.Oj, and at 200° rnetarsenic acid HAsO a ; 
these acids dissolve in water with reproduction 
of H.,As 0 4 . Each arsenic acid yields a series of 
salts; the arsenates (or ortho-arsenates), divisible 
into three classes of the forms MH 2 As0 4 , M._.H AsO„ 
and M.,AsO,; the pyroarsenates M 4 As 2 6 7 ; and 
the nu’.tarscnates MAsO a . The pyro- and met- 
arsenates have not been much investigated, 
they appear to exist only as solids and to yield 
arsenates when brought into contact with water, 
Thomsen’s thermal examination of the behaviour 
of aqueous solutions of the two oxides of arsenic 
towards soda shows that these solutions differ 
much as regards reactions and lienee also as 
regards composition. In each case the thermal 
behaviour of the oxide of arsenic is compared 
with that of tho corresponding oxido of phos¬ 
phorus (tho formula As.,0 3 is used as being 
directly comparable with 1\.0 3 ). 
x [As”O s Aq, icNaOIIAq] Biff. [P*0*Aq, icNaOHAq].. 


1 

7,300 

_„ 

*- __ 

14,800 



0,500 

13,700 


2 

13,800 



28,500 



1,200 

400 


8 

15,000 



28,000 



000 




G 15,600 — 

x [As 2 O a Aq, .rNaOHAq] Biff. [P' J O s Aq,.rN;iOHAq|. 

1 14,800 _._ 15,000 

12.300 12,600 

2 27,100 27,GOO 

6,900 8,400 

3 34,000 36,000 

1.300 1,400 

6 35,300 37,400 

The mean thermal value of the reaction which 
occurs when one formula-weight of soda is 
added to an acid is 13,500; this value is 


reached when 2NaOHAq is added to Asd).,Aq, 
but a little more heat is produced when a third 
formula-weight of soda is added. The values 
when baryta solution is used are [As'-CPAq, 
BaOAq] = 14,000 ; [As'-'O s Aq, 2BaOAq] » 15,GOO. 
It seems probable that the soda reacts with 
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water and ursemous oxide, not with arsenious 
aeid, to produoe an arsenite NaAs0,HAfe0 2 , 
analogous to potassium arsenite, and that 
addition of more soda changes this either into 
the normal, or some other, arsenite. 

I. Arsesious acid and Arsenites (Pasteur, 
A. 68, 308; Filhol, A. 08, 308 ; Kahn, At. Ph. 
[21 69, 267; Streng, A. 129,238; Stein, A. 74, 
218; Reynoso, C. B. 81, 68; Girard, C. B. 34, 
D18; 3G, 973; Bloxam, C. J. 15, 281). No 
arsenious acid lias been obtained in separate 
form; but an aqueous solution of the oxide 
As 4 O d reacts with bases to form unstable salts 
the compositions of which may be well repre¬ 
sented by regarding them as derived from one 
or other of the three hypothetical arsenious 
acids, H s AsO s ( - As(OH) a ), HAsO.,( = AsO.OH), 
H,AsA( - AsjOJOHJJ. The arsonites as a class 
are very easily decomposed; the ammonium 
salt gives off ammonia at ordinary temperatures 
and pressures, its aqueous solution yields pure 
As 4 0„ on evaporation; the potassium and sodium 
salts are decomposed in solution by carbon 
dioxide with separation of As A- CaO, I3a(), and 
SrO, dissolve when boiled with water and As A* 
addition of lime- baryta- or strontia-watcr pre¬ 
cipitates arsenites insoluble in water, but sola- j 
ble in acids and in ammonia. Solutions of ■ 
arsenites of metals which form sulphides soluble 
ill water are decomposed by H,S with precipita¬ 
tion of AfijSj; if tho metal of the arsenite forms a 
sulphide insoluble in water then JLS precipitates j 
this sulphide along with As A- Many arsenites 
are not, however, decomposed by metals even 
when the oxide of the metal of the arsenite is 
insoluble in potash. Insoluble arsenites are 
obtained by adding a soluble salt of the metal 
to a solution of K or Na arsenite. All arsenites, 
with the exception of those of the alkali metals, 
■are partially or wholly insoluble in water; when 
formed they usually retain some arsenious oxide, 
«o that it is diilicult, and sometimes impossible, 
to obtain definite compounds of fixed composi¬ 
tion. Most arsenites arc decomposed by heat 
with formation of an arsenate and arsenic; 
heated with carbon, or with carbon and borax, 
the whole of tho arsenic is usually separated in 
the metallic state. Heated with ammonium 
chloride, most arsenites yield As Cl., and chloride 
of the metal of the arsenite. Solutions of the 
alkaline arsenites exposed to the air absorb 
oxygen and produce arsenates (Fresenius, J. 
1855. 382). 

A r s e nr>* t e s. Ammonium arsenites NH 4 .As0 2 
(rasteur, Bloxam); (NH 4 ) 4 As 2 O s (Stein). By dis¬ 
solving As 4 O b in cone, aqueous NH S ; white 
lustrous prisms, very soluble in water. 

Barium arsenites Ba(As0 2 ) 2 ; white gelatinous 
pp. by adding BaCl 2 Aq to KAsO.^Aq (Filhol). 
HaH 4 (AsO,) 2 ; by mixing BaCL,Aq with As 4 0„Aq 
and NH,Aq (Bloxam). Ba-jAs A-4^0; by dis¬ 
solving As 4 O rt in BaOAq (Stein). 

Calcium arsenites . Solutions of the vaiious 
"potassium arsenites mixed with CaCl^Aq yield 
ppB. of varying composition (Filhol, Stein). A 
boiling solution of As 4 O a added to CaOAq pre¬ 
cipitates Ca 3 (As0 3 ) 2 (Kilhn). CaCl*Aq mixed with 
Af»AAq and NH 3 Aq precipitates Ca(AsO„) 2 
{Simon, P. 40,417). As AAq with excess of CaOAq 
precipitates Ca,AsA (Stein). 

Cobalt arsenite. Co^H^AsOJ^O ; rose-red ! 


pp. proaaoea oy reaction of KAsO*Aq with 
CoCl.jAq in presence of NH 4 01Aq. 

Copper arsenites. CuS0 4 Aq + KAsO^Aq, or 
aramoniacal CuS0 4 Aq + AsAAq, yields a light 
green pp. (Scheele’s green) of CuHAsO,; soluble 
in NH 3 Aq with formation of H ;i As0 4 and Cu 2 0; 
soluble in KOHAq with formation of K 3 As0 4 , 
and Cu.,0, which precipitates; when heated, 
CuIIAsOa evolves As and H 8 0, and a mixture of 
CuO and copper arsenide remains. By digesting 
CuC0 3 with H,0 and As 4 O ti and evaporating the 
solution, a yellow-green salt, probably Cu(As0 2 ) 2 , 
is produced. 

Iron arsenites. Ferrous arsenite Fe 2 As 2 O s 
is a greenish-white pp., soluble in NH 3 Aq, ob¬ 
tained by mixing FeSO,Aq with As 4 0 (i Aq and a 
little NH.,Aq. Various ferric arsenites appear 
to exist. Freshly precipitated Fe a (OII) a digested 
with cone. As AAq containing not more than 

as much As A as there is Fe 2 (OH) u , completely 
converts all the As A hi to an insoluble salt 
(Bunsen); with less Fc„(()H) lj the whole of tho 
As A i R not removed from solution, a basio salt, 
FeAsO a .Fe,0„ is produced from which water 
! removes some As A- A basic salt (rusty-red* 

| hard, soluble in NaOHAq), 2FeAs0 3 .FoAi*7HA 
is produced («) by adding Fe a 3SO,Aq or Fe 2 Cl B At 
to KAsO.Aq, (6) by oxidising FeS0 4 Aq by aqifA 
regia , neutralising by NH 3 Aq, adding a saU*~ 
rated solution of As A in NaOHAq, and alifw- 
ing to stand for twelve hours. Another silt, 
2FeAs0 3 .FeA,.5HA i R obtained, as an ochrs- 
ycllow pp. drying to a brown mass, on mixing 
As AAq or KAsO.Aq with Fe._,(Cjr.,O..) 0 Aq; water 
withdraws part of the acid from this salt; it is 
decomposed by heat, losing all its arsenious 
acid (Simon); only a part of its acid (Bunsen; v. 
also Grimaux, Bl. [2J 42, 211). 

Lead arsenites. Pb(As() 2 ) 2 is a white pp. 
(Filhol), molting to a yellow glass (Berzelius), 
obtained by adding KAsO.Aq to Fb(G.TI.,0 2 ) 2 Aq. 
Other salts are known : Pb 2 As a O(?) by precipita¬ 
ting Pb(C.,H 3 0.,).Aq by As AAq and NH 3 Aq 
(Filhol, Bloxam); Pb 3 (As0 3 ) 2 , by precipitating 
Pb(C.Jl A) 2 Aq by (a) boiling As AAq (Kiihn, 
Bloxam), or ( b ) As,O b in NaOHAq (Streng, A. 
129, 238). 

Magnesium arsenites. A solution of As 4 O f in 
excess of NII a Aq mixed with MgSO,Aq with 
NIT,ClAq gives a pp. whichis Mg f (As0 3 ) 2 (Stein), 
MgHAsOj.ILO (Bloxam); heated to above 250° 
‘Mg.As 2 O s remains. Other salts appear to exist) 
but their composition is vague and uncertain 
(v. Filhol, l.c.). 1 

Manganese arsenite. Mn 3 H u (As0 : ,) 4 .2H 2 0 is 
a light rose-red pp. obtained by adding 
NH 4 As0 2 Aq to MnS0 4 Aq. J 

Mercury arsenites. Composition undecided 
Hg2N0 3 Aq mixed with As AAq gives a whil < 
pp. soluble in KAs0 2 Aq ; if excess of KOH • 
present 1 Hg is precipitated. An arsenite of me - 
cury seems to be formed by mixing HgNO a A 
with KAs0 2 Aq, or by digesting As 4 0 6 Aj* 
with Hg. _ 

Nickel arsenite. Ni 3 H 0 (AsO a ) 4 H 2 O is ob¬ 
tained as a greenish-white pp.on adding KAs0 2 A& 
to NiCl 2 Aq containing much NH 4 C1; heated ini 
air, this salt loses HA then AsA, an ^ ydW 
infusible Ni a (As0 4 ) 9 remains. / 

Potassium arsenites. The acid salt \ j 
KAsOa.HAsOj.HjO is produced by adding alcoh/H 
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to ft solution of much Aa 4 0 ? inKOHAq (Pasteur, 
Bloxam). By digesting this salt with JLfiOJiq 
the neutral salt KAsO* is produced (Pasteur, 
Filhol); by treating this with KOHAq and pre¬ 
cipitating by alcohol the salt K,As 2 0, is formed 
(Bloxam). Two double salts, KAsO^IIAsO^AsOI 
and K,H.,.3As.,O v 2KI are described by Emmet 
(Am. 8. [2] 18, 583), and Harms (A. 91, 371), 
obtained by adding KIAq to As 4 0 (i Aq, or KIAq 
to KAsOoAq containing so much JKXH-.O. that 
no brown colour is produced with turmeric 
paper. 

Silver arsenites. Ag 3 AsO ; „ a yellow pp. ob¬ 
tained by adding As,0 H Aq neutralised by NH 3 Aq 
to AgNO :) Aq (Kiilin, Filhol, Bloxam); solublo iu 
HNO s , II.aH.0,., NII.,Aq, and solutions of ammo¬ 
nium salts, also in KOIIAq; solutions are not 
precipitated by KClAq, but dissolve freshly pre¬ 
pared AgCl. Heated alone or with alkalis it 
is decomposed; 

4Ag 3 As0 3 = Ag,0 + 2Ag + 2Ag a AsO, + As 3 0 ? 
(Wohler, A. 101, 363). Other silver arsenites 
are described by Harms (i.c.). 

Sodium arsenites. None obtained pure; 
seem to bo all very soluble in water (Pasteur, i 
Filhol, Bloxam). 

Strontium arscnitc. Sr(AsO a ) r 4ILO. By 
mixing SrCLAq with KAs0 2 Aq and allowing to 
deposit crystals slowly (Stein). 

Tin arsenites. .Scarcely known; both stan¬ 
nous and stannic arsenites seem to exist. 

] I. Absenic acid and Arsenates.— (Sottcrberg, 
B. J. 26, 206 ; Baumann, Ar. Ph. 36, 36 ; Kod- 
schonbey, J.pr. 49, 182; Field, C. J. 11, 6; 
Uelsmann, Zcits. f. d. ejes. Naiunciss. 23, 347; 
Schiif, A. 112, 88; Maumen6, C. 11. 58, 250; 
Debray, A. Gh. [3J 61, 419, also G. R. 59, 40; 
Lechartier, C.li. 65, 17^2; Salkowski, J.pr. 104, 
129). The conditions of formation of the throe 
arsenic acids, II 3 AsO„HAsO : „ and n 4 As a O, have 
been already described (p. 305). The following 
thermal data are given by Thomsen (Tli. 2, 236) 
[As, O 4 , H 3 ] -215,630; [As, 0‘, IP, Aq] - 215,230; 
[As ? 0\ 3H-OJ = 6,800; [AsO*IP, Aq]- 
- 400; [As 2 ,0 7 , H 4 ] = 360,830; [As s O\ Aq] - 6,000; 
[As 2 0 3 , 0 2 ] = 64,710; [As-'0 3 Aq, 0^ = 78,200. 
The following heats of neutralisation are also 
given by Thomsen (Th. 1, 196); 

n [NaOHAq, «H s As0 4 Aq]; 

6,233 
11,972 
« 13,790 

1 14,994 

2 14,724 

n [wNaOHAq, H 3 As0 4 Aq]. 

£ 7,362 

1 14,994 Diff- 

12,586 

2 27,580 

7,2T3G 

2 35,916 

1,484 

6 37,400 

The aoid H 3 As0 4 is therefore tribasi'0; but as 
the reaction of the third formula-weight of soda 
is accompanied by the production of not much 
more than half the quantity of heat which 
ftooqmpanies the reaction of the first or second 
formula-weight, it is probable that this acid 
belongs to the same class of tribasie acids as 


phosphoric acid, which class is represented by 
Thomsen by the typioal formula HB(OH) 3 H 
(v. Acids, basicity or). The relative affinity of 
arsenio acid ( v . Affinity) is 21 (that of HNO,=» 
100) which is a little less than the value for 
phosphoric acid. 

The acid H 3 As 0 4 forms translucent crystals; 
the acid H 4 Afl«0 7 clear lustrous crystals; and 
the meta-acid HAsO ;< a white somewhat irides¬ 
cent solid; the ortho-acid dissolves in water with 
disappearance of heat ( v. supra), tlio other acids 
dissolve with production of heat and formation 
of the ortho-acid; [II 'As*0 7 , Aq] -1,300 (Thom¬ 
sen, B. 7, 1003). 

The following facts refer to the ortho-acid 
H 3 AsO ( . 

Formation.-- By action of HNO ;t Aq on As or 
As 4 O ri . 

Preparation. —Arscniousoxido is suspended in 
water and chlorine is passed in; the solution is eva¬ 
porated to dryness in a platinum dish, the tempe¬ 
rature not being allowed to rise much above 100°; 
the residuo is dissolved in wafer and evaporated 
slowly at 100°; after a time small needle-shaped 
crystals of H 3 As0 4 separate out (E. Kopp, J.pr. 
09, 270). 

Properties. —Action of heat already desoribed 
(w. p. 305). Aqueous solution tastes sour and 
metallic ; it burns the skin. The most concen¬ 
trated solution has S.G. 2*5; the following table 
gives somo data regarding S.G. of aqueous 
solutions (Schiff, A. 113, 183). 


.G. at 15° 1-73-1G 

Pctge. of ILAs0 4 67'4 

„ 1-31)73 

»i 

45-0 

„ 1-2350 

»» 

30-0 

„ 1-1G0G 

H 

22-5 

„ 1-1052 

II 

15-0 

„ 10195 


7-5 

Reactions. —1. Heated with 

carbon, many 


metals , or potassium cyanide, it yiolds arsenic.— 
2. Heated with cone, hydrochloric acid AsCl, 
and Cl are produced; if the S.G. of the aqueous 
HCl used is less than 1*04 no AsCl, is produced 
(Frcsenius and Souchay, Fr. 1, 448); with acid 
of S.G. 1*1 traces of AsC 1 3 are formed (Mayrhofer, 
A. 158,326).—3. Sulphurous acid produces arse- 
nious oxide and sulphuric acid (Wohler, A. 30, 
224).—4. Zinc and iron dissolve in aqueous 
H 3 As0 4 with evolution of H and AsII 3 and pro¬ 
duction of gelatinous solids (? arsenates of Zn or 
Fe); in presence of H 2 S0 4 , these metals pre¬ 
cipitate As, and evolve H and AsH,.—5. Sul- 
phydric acid (H.S) reduces II 3 As0 4 in solution 
to As 3 O g , with precipitation of ST aud then 
throws down As.S 3 ; this reaction takes place 
slowly at 10°-15°, but more rapidly at 00°-70°. 
6. Sodium thiosidohate solution , in presence of 
HCl, produces a pp. of As 2 S 5 (g. v.).~ 7. Tung¬ 
states of potassium, ammonium , and silver when 
evaporated with KH 2 As 0 4 solution yield complex 
compounds, viz., 6WOj.As.Oy3KjjO.8HtO; 
6W0 3 .As 2 0 5 .4(NH 4 ) 2 0.5H 2 0; and 
16W0j.As 2 0 5 .6Ag 2 0.11H.0 (Gibbs, P. Am. A, 
15, 1; 16,109; v. also Dcbray, C. B. 78,1408; 
and Seyberth, B. 7; also Sonnenschein, J. pr, 
53, 339, 391). Derivatives of arsenio aoid in 
which OH is replaced by Cl, or Br, or I, are 
not known. 

ArBenates. Arsenates areisomorphouswith 
corresponding phosphates. The arsenates ot the 
1 alkali metals, and the acid arsenates ot the 

x* 
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alkaline earth metals, are soluble in water; they 
lose all their arsenic as chloride by strongly 
heating with sal-ammoniao (Rose, P. 116, 463). 
The neutral and basic arsenates arc easily solu¬ 
ble in mineral acids, including arsenic acid. 
Debray ( l.c .) describes a series of amorphous 
arsenates, MH.AsO r H.X), obtained by precipi¬ 
tating alkaline arsenates by salts of the metals 
M ; these arsenates become crystalline, accord¬ 
ing to Dobray, by long-continued digestion with 
the liquids in which they aro produced. By 
fusing chlorides and fluorides with arsenates, 
Lechartier ( l.c.) obtained a series of crystalline 
salts analogous in composition to Wagnerite and 
Apatite^ thus: 

Corresponding to Wagnerite [(P0 4 .F.Mg 2 )]. 
As0 4 .Cl.Ca 2 
As0 4 .Cl(F).Mg 3 
AsO 4 .Cl.Mg ._5 
AsO 4 .Cl.Mng 

Corresponding to Apatite [(P0 4 ) 3 .Cl(F).Cad. 
(AsO^.Cl.Ca, (As0 4 ) 3 .Cl.Sr 5 

(AsO,) 3 .Cl(F).Ca 5 (AsC^.Cl.Ba,. 

(AsO 4 h.Cl.Pb, 

Debray also obtained the following crystallised 
insoluble arsenates by digesting arsenic acid 
solution with carbonates of the various metals J 
2 As 04 CaH.H ,0 ; AsO.CuH; 2As0,CuH.3II.,0; 
(As0 4 ) 2 Cu 3 .4H 2 0; and AsO,Cu.(CuOH). Arse¬ 
nates are usually prepared by adding 
Na^HAsCLAq to solutions of salts of the various 
metals, using the calculated masses of the re¬ 
acting bodies. 

Aluminium arsenate. Whito pp. by adding 
a solublo arsenate to a solution of an A1 salt. 

Ammonium arsenates. (NH,).,.H 2 AsO,; by 
adding NH s Aq to cone. II 3 As0 4 until the pp. which 
forms is dissolved (Salkowski). (NH 4 hAsO 4 . 3 H.jO; 
by adding considerable excess of NH,Aq to 
H a AsO,Aq. NHJT.AsOj; by adding one for¬ 
mula-weight H s As0 4 to one formula-weight 
(NH 4 ),,HAsO,. 

Barium arsenates. BalTAsO,; crystalline, 
obtained by adding NaJIAsO,Aq to BaCLAq. 
Ba,2AsO,; crystalline, obtained by adding 
VaAsO,Aq to BaCLAq; acted on by water 
it forms tho salt BallAsO, (Field). The salt 
BaF,(AsO,h is obtained by dissolving BaHAs0 4 
in warm II 3 AsO,Aq and allowing to crystallise. 
(Setterberg). Two barium-ammonium arsenates 
2 Ba.NH l .As 04 .H 2 0 , and BaH^NH^AsOJg are 
described (Baumann, Mitscherlich). 

Bismuth, arsenate. 2BiAsO,.H.O; yellow¬ 
ish white pp. insoluble in water and HNO.,Aq, 
solublo in IIClAq ; insoluble in a cone, solution of 
Bi3NO a containing a little free acid (Schneider, 
J.pr. [2] 20, 418). 

Cadmium arse?iate$. White crystalline pps. 
obtained by precipitating solution of Cd salts by 
Na.HAsO,Aq ; two are known, Cd.^AsCbh.SH.d 
and Cd 5 li.,(AsOj 4 . 4 ILO (Salkowski). 

Calcium arsenates. Ca.II.AsO 4 ; prepared like 
BaHAs 04 ; occurs native as Pharrnacolik. By 
treatment with NH.,Aq this salt yields Ca.,(A.sO), 
(Kotschonboy). Two calcium-ammonium ar¬ 
senates aro described, CaH 2 (NH 4 ).,(AsO ,) 2 and 
CaNH,.As0 4 .G or 7H._,0 (Baumann, Kotschonbey; 
also Bloxam, C. N. 54, 163). The salt Ca._,As._,0 7 
is obtained bystrongly heatingCa.NH 4 .AsO 4 . 7 H 3 O 
(Bloxam). 


Cerium arsenate. Ce.H.AsO,; insoluble in 
water, soluble in excess of H„As0 4 Aq. 

Cobalt arsenates. CoHAs0 4 is unknown ; 
CoH 4 (As 04 h obtained by evaporating in vacuo 
solution of CoO.HjO in excess of II : 1 As 04 Aq. Cobal- 
tic arsenate, Co 3 2AbO,8H,0 (Karsten, P.60,266)’ 
is a reddish powder obtained by precipitating the 
solution of a Co salt by Na 3 AsO,Aq; occurs 
nativo as Cobalt-bloom. An impure basio arsen- 
ato of cobalt is known in commerce as Chaux 
mdtalliqtie. 

Copper arsenates. Cu s H 2 (As0,),.2JI,0; ob¬ 
tained as a blue pp. by adding (NHJoHAsCLtAq 
to CuS0 4 Aq and drying at 130° (Salkowski). 
Cu : ,(As0 4 h is a green powder obtained by pre¬ 
cipitating CuS0 4 Aq with Na 2 IIAs0 4 Aq; this 
salt dissolves in NH ; ,Aq, and on long 
standing, clear blue crystals having the 
composition [(NH :) hCu] 3 (As 04 h separate out 
(Durnour, B. J. 26, 247 ; and 27, 181). Various 
basic arsenates of copper occur native as 
minerals {v. Coloriano, Bl. [2] 45, 707). 

Chromium arsenates. Chromic arsenate is 
a green pp. obtained by mixing solutions of a 
chromic salt and K 3 As0 4 ; composition uncertain. 
By mixing solutions of K 2 CrO, and H :j As0 4 
Bchweizor (J.pr. 39, 267) obtained a gelatinous 
pp. having the composition (dried at 100°) 
(Cr0) ;i As04.K.,H(As04) 2 .4H 2 0. 

JHdgmium arsenate. 

Di.,(As 64 ) 2 .DiH(As 0 1 ) 2 .H 2 0 ; by boilingH 3 As0 4 Aq 
with Di 2 O s (Marignac, A. Ch. 88,185). 

Iridium arsenate is a brown pp. 

Iron arsenates. The ferrous salt is obtained 
by double decomposition; it oxidises easily; 
after drying, its composition is Fc\.OAsO,.5^ILO 
(Wittstein, VierteUjahrsschr. pr. Pharm. 15, 
185). Tiie ferric salt (?FeH 3 (As(),)._.) is obtained 
by mixing Fe 2 Cl 1! Aq with Na 2 HAs6 4 Aq; it is a 
white powder which loses water on heating and 
becomes reddish, soluble in H,AsO,Aq, but this 
solution soon decomposes, unless very con¬ 
centrated, depositing Fc 2 (OII)„ (Lunge, Fr. 6,185). 
Various other ferric arsenates of uncertain com¬ 
position have been described by Berzelius (v.also 
Grimaux, Bl. [2] 42, 211). 

Lead arsenates. Tho salt PbHAsO, is ob¬ 
tained by double decomposition (Salkowski); 
when treated with NH.,Aq it yields l , b 3 (As0 4 ) 2 . 

Lithium arsenates. 2Iji.,As0 4 .H.,0 is a 
white powdery pp. obtained by dissolving 
LLC0 3 in H.,AsO,Aq and adding NH 3 Aq; when 
this salt is dissolved in H 3 AsO,Aq, trimetrio 
prisms of 2LiII.,As0,.3H 2 0 crystaliiso out (Ram- 
melsberg, P. 128, 311). 

Magnesium arsenates. 2MgIIAs0 4 .13H 2 0; 
white pp. by mixing 5 partsNaJlAsO, in solution 
with a dilute solution of 3parts MgS0 4 (Graham, 
A. 29, 24). Mg 3 (As0 4 ) 2 is obtained by boiling the 
preceding salt for somo timo with cone. 
Na 2 HAs6 4 Aq. A magnesium-ammonium ar- 
senato MgNfLAsCh.GiijO is obtained by adding 
H 3 As0 4 Aq with excess of NH 3 Aq to MgS0 4 Aq 
containing NH 4 C1; it is slightly soluble in 
NH 4 ClA(f, strongly heated it loses NH 3 and 
Mg 2 As 2 0 7 remains [H. Rose; Field ; Wittstein ; 
Puller; Fresenius (Fr. 3, 206); Levol (A. Ch. 
[3] 17, 60)]. A magnesium-potassium arsenate 
MgKAs0 4 , and a corresponding sodium salt, are 
obtained by fusing MgHAs0 4 with KgCO, and 
KOH (or Na 2 C0 3 and NaOH). 
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Manganese arsenates. MnHAsO. is pro- 
auosd by saturating H 3 As0 4 Aq with MnCO.; 
psing excess of H 3 AsO,Aq the salt MnH, (AsO.) 
is formed (Scliiefer). The manganese-ammonium 
salt MnNH 4 As0 1 .(5H, J 0 ig obtained like the 
corresponding Mg salt as a gunmiy pp. which 
becomes crystalline. Some basic Mn arsonatos 
are described by Coloriano (Bl. [2] 45, 709). 

Mercury arsenates. Tho rucrcurous salt 
ii.g 2 lIAs0 4 is a yellowish white pp., which be- 
comes orange red, produced by adding H,AsO.Aq 
is in so1«bie in water and 
H.C,H 3 0,Aq, soluble in IINO a Aq. When heated, 
this salt loses 11,0 and Hg, and a mercuric 
salt (probably Hg,As,0,) remains. By adding an 
excess of H 3 As0 4 Aq to the mercurous salt, and 
evaporating, the meta-salt IIg,(As0 3 ) 2 is obtained 
* wll ite powder, somewhat soluble in 
.« */i q, , <leC0in i )0Bcd ^ IIC1A a with formation 
of HgCl, decomposed byKOHAq with withdrawal 
of half its arsenic as H 3 As0 4 (Simon, P. 41, 424). 

Molybdenum arsenate is a grey Tip. (for com-' 
binations of Aa^O* with MoO, and K,Od. 
Arsenic Acid, Reactions, No. 7). 

Nickel arsenates. Analogous to cobalt 
arsenates (q. v.). The salt Ni 3 (AsO,)...8H..O 
ocours native as Nickel-bloom. ' 

Palladium arsenate is a clear yellow 

f.?' n ™ a . inea ^ hoali, ‘« NaJIAsO.Aq with 
ld.2NO :1 A<|. 

Platinum arsenate ia a lighfc-brown pp. 
obtained like the Pd salt. 

Potassium arsenates. The salts K,AsO. and 
K-jHAsO, are obtained by adding K..CO, or KOI! 
to H,AsO,Aq; the former crystallises from very 
cone, solutions (Graham, P. 32, 17 ). By heat- 
ing together equal parts of KNO, and As,0„, 
dissolving in water and evaporating, or by 
adding KOIIAq to H",AsO,Aq until neutral to 
litmus and crystallising, tho salt KII.AsO. is 
obtained. Tho crystals of this salt are fairly 
soluble in water (S. 6° = 10), insoluble in alcohol. 
Heated above 288° tho salt melts to a glassy 
mass. ° " 

Silver arsenates. Ag 3 As0 4 is a dark red- 
brown pp. produced by mixing H a AsO,Aq, or 
solution of ail alkaline arsenate, with AgN0 3 Aq • 
it melts to a brownish-red glass, it is decoml 
posed by JfClAq to AgCl and H 3 AsO.Aq, it is 
soluble in HCH 3 0 3 Aq, NH,Aq, and solutions of 
many -HI, salts. By digesting this salt for some 
timo at a gentle heat with H,As0 4 Aq a white 
salt, 2AgAsO ;i .As.O. ( , is obtained. 

Sodutni arsenates. Na flAsO t .12fI a O, S.G. 
1'67 (KcliilT), is obtained in largo crystals, 
isomorplious with common sodium phosphate' 
by t adding a slight excess of Na„CO ;1 Aq to 
H s AsO t Aq, and evaporating at a temperature 
. not higher than 18° (Prescnius, J. pr. ,7(1, go) 
The crystals which form at 20' and upwards 
contain 711,0, S.G. 1-87 (Schiff); the crystals 
with 12ILO effloresce quickly, those with 7H„() 
do not. Tho salt melts when heated forming 
a dear transparent liquid. At 0° a salt 
crystallises with 18$n s O (Setterbetfe). The 
salt NaH.AsOj.H.O is formed in large crystals 
by adding Na,C0 3 Aq to H 3 As0 4 Aq until the 
solution is no longer ppd. by BaCLAq; iso- 
morplious with the corresponding phosphate: 
S.G. 2'635 (Schiff). A solution of S.G. about 
1-7 gives crystals of NaH 1 \sO,.2H i O .(Joly a. 
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Dufet, 0. B. 102, 1391). A oono. solution of 
H,As0 4 decomposes NaClAq and NaN0 3 on heat- 
!2 g l--. Two double Baits, viz. NaKHAsO,.711,0 
(?<*■«>. or 9H 3 0 (Kotsohonboy), and 
NaNH t HAs0 4 .4H 3 0, are described (Uclamann). 
£ h f r . fo ™ er , is Obtained by neutralising 
haH,AsO,Aq by K B C0 3 Aq, the latter by mixing 
solutions of Nall AsO, and (NHJ.HAsO . The 
compound Na 3 As0,.NaF.12H 3 0 crystallises in 
mononietrio octahedra ; it resembles common 
alum in appearance; S.G.2'819; S. (25°) = 10-5; 
S. (75°) ”71). Tliis salt is obtained by fusing 
together, with special precautions, 1 part As 0 
i parts Na. 3 0() 3 , 3 parts NaN0 3 , and l part 
Cab, (Bnegleb, A. 97, 95). Two compounds 
of sodium arsenates with sulphates soem to 
exist N a,As, : () l ,.2\a S0 4 (blitsclierlich), and 
Na 1 As 3 0j.Na :! S0 4 (Setlorberg). 

Strontium arsenates. By adding Na..HAsO Aq 
to Sr01 a Aq a pp. of SrNaAs0 4 .H,O isobtained; 
the filtrato from this when evaporated gives a 
white pp. of SrHAsO, (Salkowski). 

1 in arsenates. 2HiiHAs0 ( .H.,0; awliitopp 
produced by adding excess of K.HAsO.Aq to 
oSA*! ’ hy 1,10 revels0 process tho salt 
Sn(SnCl)AsO 4 .H 3 0 is said to be formed (Genn- 
son, A. 114,113). ' 

Sine arsenate Zn 3 (As0,) 3 .3H,,0 is a gela- 
tmous substance (KStlig, J. pr. 48, 182 and 
ol\ i h ? “ lt3 ZnIIAs O„ Hull,(AsO,).., and 
Hn 3 (ABO,) 2 .NH 3 , are also known (o. also Briedel, 
Bl. [2] 5, 433). 

The compositions of the remaining arsenates, 
which have been very slightly investigated, are 
expressed by the following fomiulie: - 

Thallium, T].As0 4 .2U,0. Thorium, 
Th.HAsO,. Uranium, (U0). a HAs0,.4H,0: 
tho salts (UO).,NaAsO, and (U0),Cu(AsO,),8H,0 
are also known (Werther, A. 08, 312). Vana- 
ilium, VII,(As0 4 ) 3 . Yttrium, YIIAsO,. Arsen¬ 
ates of titanium and zirconium are said to 
have been obtained. 

Arsenic, alloys of, v. Arsenic, Combinations 
of, No. 9. 

Arsenic, ammonio-chloride of, v. Arsenio 

chloride, Combinations of, No. 2. 

Arsenic, bromide of. AsBr, (Arsenious 
bromide, Tribromide of arsenic). Mol. w 
p0°-25 0 ]. (220°). S.G. 3-Ofi (Boodeker, 

J. 18G0.17). V.D. 157 5. H.F. 59,100 solid As, 
gaseousBr (Gunlz, C. R. 101,101). 8.V.8.85-8. 

. Preparation. —1. Powdered arsenic is shaken 
into a retort filled witli Br vapour, and tho 

bromide is distilled from tho extJTiss of As._ 

2. Powdered arsenic is added to a mixture of 
1 part Br with 2 parts CS., until the liquid is 
colourless; more Br is then added, followed by 
more As, until the colour is no longer romoved 
on the addition of As ; tho liquid is then filtered 
and evaporated; on standing, the bromide if 
deposited in crystals (Mickles, C. 11. C8 837 1 
J. l'h. [3] 41, 142). ’ 

Properties .—Colourless deliquescent prisma 
with strong arsenical odour, melting to a pale 
yellow liquid which fumes but slightly in the 
air. Volatilises unchanged and yields a crystal¬ 
line sublimate. 

. Reactions. —1. Water, added in small quan- 
tity, produces AsOBr and Hlir (? with a little 
arsenious oxide) (Serullas, S. 65, 345); added in 
large quantity, decomposes it into HBr and 
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h»fi, (SeraUu, Le,}< An aooeoaa solution 
containing HBr d>*** its the oiy - salts 
8As0Br.8As 2 0,.12E,,0 and 2As0Br.8H 2 0 
(Wallace, P. M. [4] 17, 281).—2. Ammonium 
bromide added to a cold concentrated aqueous 
lolution pps. six-sided tables consisting chiefly 
of AsBr s (Wallace, P. M. [4] 17, 261). — 

8 . Sodium thiosulphate at first produces AsOBr, 
and then As.fi, (Nicklis, J. l‘h. [3] 41,112).— 

4. Arsenious orielc dissolves in molten AsBr a ; 
on cooling to 150 3 the liquid separates into two 
layers, th s upper of which is AsOBr, and the 
lower probably 3AsOBr.As..O a (Wallace, P. M. 
[4] 17, 261). 

Combi-nations .—With the alkaline bromides 
to form rather unstable crystallisablo com¬ 
pounds (Nickles, l.c.). 

Arsenic, chloride of. AsCl, (Arsenious 
chloride. Trichloride of arsenic, Putter of 
arsenic. Caustic oil of arsenic). Mol. w. 181*11. 
[below 29°]. (130°*2) (Thorpe, C. J. 37, 332). 

5. G. f 2*205 (Thorpe, l.c.). V.D. 90*75. 
Volume at £° = vol. at0° 

+ -ooooyiasM+-oooooosio/* + -000000002755 u a 

(Thorpe, l.c.). S.H.p. -1122; S.H.v. -7031; 
H.V. 69*74 (Regnault, J. 1803. 77). H.F. 
71,400 [solid As and gaseous Cl] (Th. 2, 320). 
R a 49-59 (Tlaagen, P. 131, 122 ). S.V. 94*37 
(Thorpe, lx.). 

Formation. —1. By distilling As., 0,1 with cone. 
HjjSO., and NaCl (Glauber in 1018; Dumas, P. 

9, 308).—2. By distilling As 4 O a with cone. IIC1. 
3. By leading dry HC1 gas over powdered 
As 4 0„.—4. By passing dry HC1 gas over gently 
heated powdered As./).: As.,0 5 + 10HC1 = 

2AsCl 3 + 2Cl.. + 5H,,o’(Mayrhofer, A. 158, 32G).— 
5. By adding II.BO, to a solution of As,0„ in 
cone. HC1.— 6. By heating Ab 2 S 3 with 3HgCl. i in 
a retort (Ludwig, Ar. Ph. 97, 23).—7. By the 
action of on As (Wohler, A. 73, 3 7 4). — 
8. By the action of PC1 5 on As/),. or on As,0 5 , 
(POCI 3 , and in the case of As./),, free Cl, is also ; 
formed) (Iiintzig and Geutlier, A. Ill,171). j 

Preparation. - Coarsely powdered arsonic is 
heated in a retort, dry chlorine is then led in, 
and the contents of the retort are heated; the 
distillate is collected in a dry receiver, and freed j 
from excess of ehlorino by rcdistillation from J 
arsenic, or by shaking with mercury, pouring 
off frojn the black solid which is formed, and 
redistilling. Or the product may be distilled 
upwards for somo time in a current of dry CO a 
(Thorpe, l.c.). 

Properties.—A. colourless, oily, fuming, very 
poisonous, liquid; mixes with alcohol, ether, and 
liquid oils; it is decomposed by water (v. infra). 
Distilled with aqueous ilCi, AsCl 3 is partly vola¬ 
tilised ; HC1 prepared from arsenic containing 
H a SO, always therefore contains AsCl 3 ; arsenious 
chloride when hot dissolves phosphorus and 
sulphur, but they crystallise out again on cool¬ 
ing. 

Reactions. —1. Witli a littlo water the solid 
oxychloride AsOCl.H 2 0( = As(OII)oCl) is produced 
(Wallace, P, M. [4] 10, 358). With more water, 
especially if hot, AsC1 3 is decomposed into IIC1 
and A 8 4 O u , a great portion of thelatter separating 
in the solid form.—2. With arsenic hydride 
it reacts to form If Cl and As.—3. By the action 
of NO a it is converted into As 3 0 4 , NOC1 being 


ftinmltaaeotfaly produced ((feather, Ji pr. (*} 8, 
854). 

Combinations. —1. Arsenious oxide dissolves 
in boiling AsCl s , and on distillation the oxy¬ 
chloride AsOCl (q. v.) is obtained (Wallace, P. M. 
[4] 16, 358).—2. Ammonia gas is absorbed by' 
AsClj with production of a white solid, 
2 AsC1 3 .7NII,, according to H. Bose (P. 52, 62), 
2AsC1NII.4NH 4 C1.NH 3 according to Pasteur 
(A. Ch. 68 , 307), Michaelis suggests the for¬ 
mula 2 As(NII 3 C1) 3 .NII 3 (Lehrbach der anorg. 
Chem. ii. 459, [1881]); this compound is de¬ 
composed by heat, giving off NIL, and then a 
white sublimate containing NII,C1; it is soluble 
in alcohol, but is decomposed by cold water with 
production of heat and ammonia, from the solu¬ 
tion six-sided plates crystallise out, having the 
composition As t Cl 2 N.JI 10 Oy, these arc decomposed 
by cone, ammonia with production of (NHJAsOa 
which soon decomposes (Pasteur, l.c.). —3. Stil- 
phur dichloride , SCl a , is said to form a com¬ 
pound 2 AsC1j,. 3SCL,, but according to Nilson, the 
product of the action is merely a mixture (J. pr. 
[2] 12, 295).—4. With alcohol forms easily de¬ 
composed crystals of AsC1 3 .C 2 H 0 O (Do Luynes, 
C. It. 50, 831). 

Arsenic, fluoride of. AsF 3 (Arsenious fluoride). 
Mol. w. 131-9. (00°-4) (Thorpe, C. J. 37, 352 . 
S.G. f; 2-060 (Thorpe, l.c.). V.D. 66-1. 

S.V.S. 49-5. 

Formation .—By heating sodium or ammo¬ 
nium fluoride with arsenious bromide or chloride 
(Maeivor, C. N. 30, 109). 

Preparation. —Equal parts of dry powdered 
fluorspar and arsenious oxido arc heated in a 
leaden vessel with 5 parts cone. ILS0 4 ; tho dis¬ 
tillate is collected in a dry glass receiver. 

Properties .—A transparent, very volatile, 
fuming, liquid; it acts 'slowly on glass in a 
closed vessel, but exposed to the air it absorbs 
moisture with production of As 4 O u , and HF 
! which acts on the glass. Dropped on the skin 
it evaporates at oneo but leaves a painful wound 
(Dumas, *4. Ch. [2] 31, 431). It absorbs dry NH 3 
in large quantities; miscible with alcohol and 
ether (Maeivor, l.c.). 

Reaction. —With water it forms a clear 
| liquid (heat is produced) which soon decomposes 
to As,0 (J and HF. 

Arsenio, haloid compounds of. AsF s AsC 1 3 ; 
AsBr.,; Asl., and Asl 2 , (? Asl a ). All gasified, 
ercept the di- and pont- iodide, and molecular 
weights known; v. the arts. Arsenic, fluoride 

OF, CHLORIDE OF, BROMIDE OF, IODIDES OF, V. also 

art. Haloid compounds. 

Arsenic, hydrides of. (In connection with 
these compounds v. art. Hydrides.) Two 
hydrides aro known; gaseous AsII 3 , and solid 
nAsII. 

I. Arsenio trihydride. AsH., (Arsenuretted 
hydro(jcnrArsine)Mo\.vr.77'Q.[— 113 0, 5].( — 54 0, 8) 
(Olszewski, Site. W. 6 , 127) (about —40°). V.D. 
39-1 (Dumas, A. Ch. 33,355). H.F. - 301,700 
^aolid As) (Ogier, A. Ch. [5] 20,5). Discovered 
by Schoel^ in 1775. 

Formation.— 1. By dissolving zinc or iron 
in dilute HClAq or H.,S0 4 Aq containing As 4 0 # 
or As/) 5 .—2. By electrolysis of solution of 
As 4 OgAq or As/) 5 Aq.—3. By the action of organio 
matter on many arsenic compounds; eg. the 
action of paper on Soheele’s green (the air of 



rooms the paper on the walls of whioh i» 
coloured with Soheele's green usually eon tains a 
little AsH a ). 

Preparation.— 1. By the action of water, or 
better very dilute HC1 or H.SO,, on the solid 
alloy of As and Na which is obtained by heating 
Na in AsH 3 obtained by the action of acids on 
Zn containing As (Janowsky, B. C, 210).—2. By 
the action of Hjs0 4 diluted with 3 times its 
weight of water on the alloy of A 3 and Zn ob¬ 
tained by heating equal parts of finely granu¬ 
lated Zn and powdered As in a covered cruciblo 
(Soubeiran, A. Ch. [2] 23, 307; 43, 207). The 
gas is collected over boiled water. 

Properties.—A colourless gas with repulsive 
odour; excessively poisonous (in working with 
this gas it is impossible to be too careful; more 
than one chemist has been killed by it, e.g. j 
Gehlen in 1315). Easily decomposed by heat 
into its elements even when mixed with much 
hydrogon. By the action of the silent electric 
discharge it yields solid As hydride (Ogier, A. 
Ch. [5] 20, 5). Slightly soluble in water. Dry 
oxygen has no action at ordinary temperatures. 

Reactions.— 1. Heated in air it burns to 
As 4 0 ( . and H._,0; in a limited supply of air, to As | 
and ILO.— 2 . Mixed with oxygen and subjected ■ 
to electric discharge, complete decomposition to ! 
As.,0„ and H.,0 occurs explosively.—3. Concen¬ 
trated acids decompose it into its elements; I 
cone. li.SO,Aq forms also As_.S, (llumport, J. j 
pr. 04, 302); cone. HClAq acting for some 
time forms also AsCl 3 (Napoli, J. pr. (14,93).— 
4. Decomposed by chlorine, bromine, or iodine , 
with production of much heat and formation of 
haloid compounds of As.—5. Sulphuretted 
hydrogen at about 300° forms As 2 S 3 and II.— 
C. The haloid acids IIC1, HBr, HI, are without 
action on AsII 3 at brdinary temperatures.— 

7. Heated with sulphur, As.S., and 1LS are pro¬ 
duced (Jones, C. J. [2J il, CIS).— 8 . Beads 
with PCI, lo produco AsP and HCl (v. Arsenic, 
Combinations of, No. 8 ).—0. Many metals, e.g. 
I\, Na, Sn, heated in Asll., form alloys with As 
and set free H.—10. Many metal tic oxides , e.g. 
CuO, decompose Asll., when heated with it, 
forming arsenides and water (the quantity of 
AsH 3 in a gaseous mixture may be thus de¬ 
termined).—11. Absorbed and slowly decomposed 
by alkalis, and by water containing oxygen or 
air. —12. Many metallic salts in aqueous solu¬ 
tions absorb and decompose AsH 3 ; salts of 
metals whose oxides are easily deoxidised 
produce water and arsonious oxide ; salts of 
metals whose oxides are not so easily deoxidised 
produce water and arsenic which is precipitated 
with the metal. Thus with (1) AgNO„ and ( 2 ) 
CuSO„ solution, tho Reactions are 

(1) 24AgNO a Aq + 4AsII 3 + GH.,0 = 

As,O fl Aq + 24IINO.,Aq + 21Ag ; 

(2) 2AsH 3 + BCuSO,Aq - As 3 Cu 3 -l- 3H! 3 SO,Aq. 
Gold chloride in solution is reduced to gold, 
while AsjO,, remains in solution. 

References. —(Besides those in the text) Marsh, 
B. J. 17, 101; 20, 100; 22, 175; jStromeyer, 
Comment. Soc. Olitt. 16, 141; Proust, Seller. J. 

8 , 285; Fischer, P. 0, 261; Myers, A. 150,127 ; 
Parsons, G. N. 35, 235. 

II. Solid aksknio hydride, nAsH. Mol. w. 
unknown. Janowsky (B. 6 , 220) states that 
When potassium or sooium arsenide is decom¬ 


posed by water, ft solid, brown, velvet-like, com¬ 
pound of As and H, in the ratio As;H, separates 
out. When dilute aoids are used in place of water, 
AsH 3 is evolved and As deposited. According 
to Ogier (A. Ch. [6] 20, 5), solid nAsH is pro¬ 
duced by the action of tho silent discharge on 
AsII 3 . Older observations recorded the produc¬ 
tion of a solid compound of As and II by the 
action of dilute acids on arsenide of zinc 
(v. especially Wiederhold, P. 118, 615), but tlieso 
ure contradicted by Janowsky ( l.c .). According 
to Blondlot (A. Ch. [3] 68, 186), a solid hydride 
of arsenic is produced (1) in a Marsh’s apparatus 
when a little UN0 8 is present, and (2) when 
Asll, is passed into aqueous AgN0 3 , excess of 
Ag is removed by adding NaCl, a drop of HNO,Aq 
is added, and a piece of Zn is placed in the 
liquid. 

Arsenic, hydroxides of. Tho compounds of 
As, O, and H, arc acids; v. Aiisenhj, acids of 
( v. also arts. Acids, and Hydroxides). 

Arsenic, iodides of, 

I. Ausenious iodide, Asl a (Triivdi.de of ar¬ 
senic). Mol. w. 454*50. (304° to 414°) (Carnelley 
a. Williams, C. J. 33, 283). S.G. 4*39. V.D. 
227*3. S. 30*12 at 100°. H.F. solid As, gaseous 
I [As, PJ - 28,800 (Guntz, C. R. 101,161). S.V.S. 
103*6. 

Formation. —1. By subliming together 1 part 
As and 3 parts I in a retort arranged so that tho 
subliniato condenses in the neck ; the sublimate 
is treated with hot alcohol from which tho Asl* 
crystallises on cooling (Bette, A. 33, 340).— 2. By 
boiling 3 parts powdered As and 10 parts I with 
water, filtering, and evaporating (Plisson, S. 55, 
335).—3. By acting on AsC1 3 with cone. HI 
solution [IIC1 is evolved] (Ilautefcuille, Bl. [2] 
7, 108).—4. By adding a concentrated solution 
of KI to a hot solution of As,O tf in lIClAq (Bam¬ 
berger a. Philipp, B. 14, 2643). 

Preparation.—A saturated solution of iodine 
in ether is heated to boiling with excess of 
powdered As in a flask with an upright con¬ 
denser ; tho liquid is filtered while hot; on 
cooling, well-formed crystals of AsL, are obtained 
(Wiggers, Micliaelis’s Lehrbach der anorgan. 
Chem. [1881] 2, 462). 

Properties and React ions.— Lustrous, red, 
hexagonal, tables, arc-1:2*008 (details of cryst. 
form, v. Friedliinder, Z. K. 3, 214). Soluble in 
alcohol, ether, benzene, &c.; soluble in much 
water; soluble without change in alcohol; de¬ 
composed by a little water with formation of 
4AsOl.3As l O (l .24II a O; action of boiling il 3 0 pro¬ 
duces AsOI.Ac,O 0 which deposits on cooling 
(Wallace, P. M. [4] 17. 122). 

Combinations.— 1. With iodides of the alkali 
metals to form very unstable compounds (Nickl^s, 
C. R. 48, 237).—2. When ammonia is passed 
into a solution of AsT s in benzene, a bulky white 
pp. of 2 AhI 3 .0NH 3 is produced (Bamberger a. 
Philipp, B. 14, 2643). 

Reactions.— 1. Heated with oxygen , iodine ie 
evolved and Aa^O,, is produced.—2. Heated with 
alcohol, ethylic iodide is formed (Bainbergef ft* 
Philipp, B. 14, 2643). 

II. Arsenic diiodide. AbI 2 (Bamberger a* 
Philipp, B. 14, 2643). Mol. w. unknown. 

Preparation.— One part As is heated with 2 
parts 1 to 230° in a sealed tube, the product is 
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dissolved in 08 a in an atmosphere of GO*, and 
the liquid is allowed to deposit crystals. 

Properties.— Thin prisms of a dark cherry- 
red colour. 

Reactions.—Very easily oxidised. Decom¬ 
posed by water to Asl, and As; (3As I 2 = 
2AsL, + As). 

III. Ahsknio pentiodidk. According to bloan 
(C. N. 40, 104) a brown crystalline solid, con¬ 
taining As and I in the ratio As:5I, is obtained 
by heating As with a slight excess of I to 100° 
for some time in an atmosphere of CO r Tho 
body is easily decomposed to Asl 3 and I, by heat 
or by solution in ether or CS 2 . 

Arsenic, oxides of. (In connection with 
these compounds, v. art. Oxides.) Arsenic forms 
two well-defined oxides, arsenious oxide As/)*, 
which has been gasified; and arsenic oxide, As.,0^ 
which has not been gasified: both act as anhy¬ 
drides ; the acid corresponding to the former is 
not known, but many arson ites,M 3 As0 3 , have been 
prepared. Three arsenic acids are known corre¬ 
sponding in composition to the three phosphoric 
acids, two of these exist only as solids, they all 
readily lose water yielding tho anhydride As./).,. 
The greyish film which forms on the surface of 
arsenic exposed to the air lias been regarded as 
a suboxide, but no definite proof of the existence 
of an oxide with less 0 than As 4 O tf has been 
given. 

I. Ahsknious Oxide. As 4 0„. Mol. w. 395*36. 
(Arsenic trioxide, White arsenic, Arsenious an¬ 
hydride , Arsenious acid.) Vitreous As 4 O d melts 
under pressure, crystalline vaporises without 
melting (Wohler, dm. 4, 255). S.G. vitreous 
3*698 to 3 738; cryst. 3 85 to 4*15 (u. Claudet, 

G. J. [2) 6,179, audOroth,P. 137,426). V.D. 198 
(at white heat, V. Meyer, 13. 12,1117). C.E. (cubic 
at 40°) *00012378 (Fizeau, G. 11. 62, 1133). S. 
(13°) vitreous, 4 ; cryst. 1*2 to 1*3. S. (100°) 11 
(Bussy, A. 64, 286). S. (15° standing for some 
days) cryst. *28; vitreous *92, S. (saturated at 
100° and then cooled to 15 J ) cryst. 218; 
vitreous, 3-33 (Buchner, J. Ph. [3] 1, 421). j 
8. (alcohol, 15°) cryst. *25; vitreous, 1*06 
(Girardin, J. Ph. [3] 46, 269). S. (ether) 0. 

H. F. 309,310; H.F. in aqueous solution, 
294,240; [As 4 0 H ,Aq] = -15,100 (Th. 2,236). S.IL 
cryst. *1279. S.V.S. vitreous, 106*3, cryst. 98*9. 

Occurrence.— Native, as the mineral A rsenile 
(or Arscnolite ); whenever arsenic volatilises in 
contact with air, or arsonic-containing minerals 
are heated in air. 

Preparation. —Obtained as a principal pro¬ 
duct in the roasting of arsenical pyrites, and as 
a secondary product in the roasting of arsenical 
ores of Sn, Co, Ni, or Ag. The oxide is condensed 
in chambers, and purified by rcsublimation. 
Extremely poisonous; doses of 0*6 gram are 
usually fatal (but v . ltoscoe 'On tho alleged 
Practico of Arsenic-eating in Styria,’ Mem. of 
Lit.and Phil. Soc. of Manchester, 1860). 

Properties. —Exists in three forms, amor¬ 
phous, regular octahedra, and trimetric prisms 
(a:b:c: = 3758:1; *35); tho first passes slowly into 
the second form on keeping; tho third is ob¬ 
tained under special conditions ( v. infra). The 
change from amorphous to octahedral arsenious 
oxide is attended with production of 5,300 gram- 
units of heat, and that from amorphous to pris¬ 
matic with 24,950 units per As 4 O 0 grains (Favre; 


Troost and Hautefeuille, O. R. 69, 48). Amor* 
phous arsenious oxide is produoed by con¬ 
densing the vapour on a surface slightly cooler 
than the temperature of volatilisation of the oxide; 
it is a transparent glass-liko Bolid which gradu¬ 
ally becomes opaque because of formation of 
octahedral crystals. The o c t a h e d ra 1 oxide is 
produced by cooling the vapour quickly; by 
crystallising either of the other forms from 
water; by treating the amorphous form with 
ammonia solution and washing with water. 
This form is obtained pure by fusing commercial 
arsenious oxide with carbonato of sodium and 
nitre, dissolving the arsenate of sodium so formed 
in water, filtering from sodium antimonate which 
remains, and reducing with BO* solution. Ac¬ 
cording to H. Rose (P. 35, 481) a solution of 
2-3 parts amorphous As 4 0 8 in 12 parts boiling 
cone. JIClAq deposits crystals of the octahedral 
oxide when very slowly cooled, the formation 
of each crystal being accompanied by a flash of 
light; a similar solution of the crystalline 
oxide docs not behave in this way. The tri- 
j metric prismatic variety of As ,0„ is obtained 
i by saturating with As,O ti , and then allowing to 
cool, a boiling solution of potash (Pasteur, G. R. 
21, 474); Wohler found this oxide in an oven in 
which arsenical ores had been roasted (P. 26, 
177); Claudet found it native at San Domingos, 
in Portugal (G. J. [21 6 , 179); Kuhn obtained it 
from a solution of Ag 3 AsO, in UNO* (J. 1852. 
378; v. also Uhrich, J. 1858. 173); Scheurer- 
Kestner found it in pipes leading from the 
pyrites burners to tho chambers of a sulphuric 
acid works (Bl. [ 2 ] 10,414). Tho three forms 
of As,O.i may bo obtained, according to Dcbray 
(C. LI. 58,1209), by heating the oxide in a closed 
glass tube half immersed jn sand, in an upright 
j position, the lower part being at about 400’; on 
; cooling, tho lowest part of tho tube contains 
amorphous, tho middle part trimotric crystals, 
and the uppermost part octahedral crystals, 
of As,0,.. Arsenious oxido is iso-dimorphous 
with autonomous oxide. The vitreous (amor¬ 
phous) variety may be fused before volatilising; 
the crystalline sublimes without melting, even 
under pressure (Wohler, Gm. 4, 255). The 
vapour is colourless and inodorous. The solu¬ 
bilities in water of the three forms are different 
(v. supra)', long-continued contact with hot water 
decreases the solubility of the vitreous form 
inasmuch as it is thus changed to the octahedral 
form. Many acids dissolve As 4 0 8 , the vitreous 
more rapidly than tin crystalline varieties 
(Baealoglo, J.pr. 83, 111); from these solutions 
the oxide crystallises on cooling; in the case of 
JIClAq some AsCl 3 remains in solution, tartaric 
acid is, however, said to forma salt analogous to 
tartar emetic. An aqueous solution of As 4 0 8 
slightly reddens litmus, but no acid has been 
obtained m definite form. The oxide must be 
regarded as afecbly acid-forming oxide possessing 
at the same timo salt-forming tendencies ( v. 
Aksrnioub acid and Ausenites ; and also, infra, 
Reactions? especially Nos. 2, 10, and 11; and 
Combinations, No. 2). 

Reactions.— Arsenious oxide acts both as a 
reducing and an oxidising agent; it deoxidises 
nitric, manganic, chromic, hypochlorous, acids, 
&e., with formation of arsenic acid ; it oxidises 
carbon, sulphur, phosphorus, hydrogen, sodium, 
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potassium, carbon monoxide, potassium cyanide 
&a., when heated with these bodies. The oxide in 
solution is oxidised to arsenic oxide by chlorine, 
bromine, or iodine, in presence of alkaline bicar¬ 
bonates; on this fact is based the use of As,0„Aq 
in volumetric analysis. 1. Chlorine passed over 
the dry oxido at a moderate temperature forms 
AsClj (Weber, P. 112, 619); in solution chlorine 
produces arsenic acid and HClAq; iodine and 
bromine act similarly in prescnco of alkaline 
bicarbonates.— 2 . Hydrochloric acid forms some 
AsCl 3 , but in presenco of HNO a or KCIO., only 
As. a O, is produced.—3. Free oxygen does not 
oxidise As,0„ at ordinary temperatures, but if a 
plate of Pt is partly immersed in solution of 
As 4 0„ in HClAq the oxygen coming olf from the 
Pt produces As.,0., (Berthelot, C. H. 81, 1408).— 
4. An aqueous solution of As.,0,, heated to 200° 
with phosphorus yields phosphide of arsenic 
(Oppenheim, Til. [ 2 ] 1 , 163).—5. Na amalgam 
appears to reduce As,O 0 Aq with production of a 
solution which acts as an energetic reducer 
(Frcmy, C. R. 70,01).—G. Phosphorus trichloride 
reacts at 110°-130° according to the equation 
5As,0,Aq + 12PC1, - 2 As, + 0P,O 4 Aq + 12AsCl 3 Aq 
(Michaelis, J. Z. G, 239).—7. Phosphorus penta- 
chloride produces AsCl, and P()C1 3 (Hurtzig 
a. Oeuthcr, A. Ill, 159).—8. When As^Aq 
is shaken with ammonia solution, an unstable 
compound is formed (Do Luynes, C. R. 44, 
1353).—9. Phosphorous and liypophosphorous 
acids precipitate arsenic and produce phosphoric 
acid.—10. Sulphydric acid (IPS) passed into an 
aqueous solution of As,0 (i forms AsR., which is 
ppd. on addition of an acid ( v . Arsenious sun- 
i’uidk).—11. Ammonium hydrogen tartrate solu¬ 
tion is said to dissolve As,0 ( ,; on cooling, crystals 
of a double salt isorngrphous with tartar emetic 
separate out (Marignac, Ann. M. [5] 15, 288). 
Pelouze (.4. Ch. [3] 0, Oil) describes a somewhat 
similar salt containing K in place of NH,. 
Neither tartrato has, however, boon satis¬ 
factorily examined.—12. Heated in a tube with 
a dry acetate, cacodyl oxido, As 2 (CH 3 ) 4 0, is pro¬ 
duced.—13. Iloated with dry alkaline earth 
oxides or with dry carbonates of the fixed alkalis, 
an arsenate of the metal is produced along with 
arsenic which sublimes.—14. Theoxido dissolves 
in hot solutions of the alkalis hut most of it 
pps. again on cooling in the air ( v . Arsenious 
acid and arse sites). —15. The higher oxidised 
compounds of many metals are reduced by 
Asp,;*, thus CuO is reduced to Cu.X), in presenco 
of alkali.—16. Many metals, e.g. zinc, reduce acid 
solutions of ASjO„ with ppn. of As and formation 
of AsII,.—17. As,O h Aq is reduced by a Cu-Zn 
couple with formation of AsH„ (Gladstone a. 
Tribe, G. J. 33, 308).—18. Palladium or pla¬ 
tinum charged with hydrogen separates As from 
As,O ti Aq without formation of AsH 3 (.Gladstone, 

l.c.). —19. Some metallic salts which act as 
reducing agents convert the oxide into arsenic; 
e.g. SnCl 2 Aq produces SnCl 4 , As, and AsH 3 
(Kessler, J. 1861, 265).—20. Freshly ppd. ferric 
hydrate reacts with As,0„Aq or wfth alkaline 
arsenites to form an insoluble compound, pro¬ 
bably arsenite of iron; on this fact is based the 
use of ferric hydrate as an antidote in cases of 
arsenic poisoning ( v. Bunsen and Berthold, 
Das Eiscnoxydhydrat, ein Oegengift der arseni- 
fen Sdure, Gottingen, 1834). 


Combinations.—!. Fused with arsenic oxide 
the body As,O d .Ag ; 0 9 is probably produced 
(Bloxam, O. J. 18, 62). Other compounds of 
As 4 0„ and As 2 Oj are obtained by oxidising As 4 0 4 
by warm HN0 3 Aq ( v . Joly, G. R. 100, 1221).— 
2. Dissolves in fuming sulphuric acid ; on evapo¬ 
ration yields needle-shaped crystals of As,0 # .4SO, 
which are decomposed by water (Schultz-Shellao, 
B. 4, 109, gives tho formula Ab,(SO|),.SO,). A 
compound of As 4 O 0 and S0 3 was obtained by 
Schafhiiutl (B. J. 22, 113), in the fumos from 
copper-smelting works in Wales; and by Reich 
in a canal which carried oft the sulphurous acid 
from a pyrites work near Freiberg (J. pr. 90, 
176).—3. By cooling mixed hot aqueous solu¬ 
tions of KI, KBr, or KC1, and KAsti,, the com¬ 
pounds As 4 0 8 .KI, As,O a .KBr, and As,O a .KCl, 
are obtained (KUdorff, B. 18, 1111; v. also 
Schilf a. Sestini, A. 228, 72). IiiidorlT (B. 19, 
2078) also describes NH 4 I.As 4 O a , NH 4 Br.As 4 O a , 
and 2NH l Cl.As 4 O a . Forms a complex series of 
compounds with MoO s and WO., and various 
bases ( v . Gibbs, Am. 7, 209 a. 3i.3; C. N. 48, 
155). 

II. Arsenio oxide. As^. Mol. w. unknown; 
not less than that represented by formula. ( Arse¬ 
nic pentoxide, Arsenic anhydride.) S.G. 3 - 734 
(fused oxide). S.V.3. 6 K>.' JI.F. 219,400; H.F. 
in aqueous solution, 225,400. [As-‘0‘Aq,0*] 
«= 78,350 (Th. 2, 236). 

Preparation.— Not produced by heating 
arsenic in air or oxygen. If arsenic or arsenious 
oxide is digested with JINO,Aq, or with a mixture 
of 1 part HClAq and 12 parts HNO a Aq in a 
retort, or if chlorine is led into a warm solution 
of As,0„, arsenic acid, H 3 As0 4 , is produced and 
may be obtained as crystals by cooling a con¬ 
centrated solution. When this acid is heated to 
low redness the anhydride Ab 2 O s is produced. 

Properties. —A white solid which slowly 
absorbs moisture from tho air with formation of 
H 3 As0 4 Aq. Slowly but completely dissolves in 
water forming H a As0 4 Aq. Heated above low 
redness it yields As,0„ and O. 

Reactions. —1. Heated with charcoal, many 
metals, or potassium cyanide, it yields As.— 

2. Heated with cone, hydrochloric acid it yields 
AsC1 3 ; with HCl gas even in the cold the same 
product is obtained (Souchay, Fr. 1, 189; 
Mayrhofer, A. 158, 326).—3. Reacts with 
phosphorus pentachloride thus: As.0 5 + 5PC1 3 ■» 
5POC1, + 2C1, ■»• 2AbC1 3 (Ilurtzig a. Geuthor, A. 

3, 159).—4. According to Michaelis (J. Z. 0, 
239), the oxide is not acted on % POCl 3 even 
at 200°.—5. Reduced in aqueous solution by 
nascent hydrogen with formation of AsII,; but 
if chlorides are present only a trace of AsH, is 
produced according to Bloxam (C. J. 15,56).—6. 
Stannous chloride , in tho cold,produces stannous 
py roar sen ate and arsenite, in warm solutions 
produces arsenio and AsH, (Schiff, J. 1861. 278; 
Kessler, ibid. 265).—7. With water it reacts 
to produce arsenic acid, H 3 As0 4 Aq. Joly ( C . R. 
106, 1262) describes a hydrate As.pj.4HjO. 
Arsenic oxide reacts as a strongly acid-forming 
oxide and exhibits no tendency to form 
corresponding salts by reactions with acids 
( v. e.g. reaction with HClAq).—8. Forms a 
largo series of compounds with MoO, or WO, 
and bases (v. Gibbs, Am. 7, 209 a. 318; O ♦ N. 
48,155). 



Anmla, txjbromliM of. AiQBt {Bromar- 
tmioiu acid ); and ?As,0,Br I . Mol. w. unknown, 
not 1«»» than represented by above formul®. 

Formation.— AsOBr is produced by the action 
0 fH .,0 in limited quantity on AsBr 3 . 

Preparation.— Arsonious oxide is dissolved 
In molten Asl3r 3 ; tho dark viscid liquid which 
results is distilled till it becomes rather thick, 
and is then cooled to 150° whereat it separates 
into two layers, tho upper of which contains the 
oxybromide AsOBr, and the lower probably con¬ 
tains the other oxybromide A 4 O u Br 3 (Wallace, 
P, M. [4] 17, 201). 

Properties. — Brown, waxy, solid. Decom¬ 
posed by heat to AsBr 3 and As,0„. 

Combinations. With water ; a hydrate of 
arsenic oxybromide, 2As0Br.3H 2 0 is obtained 
as thin while pearly crystals by placing a cold 
concentrated aqueous solution of AsBr 3 , con¬ 
taining HBr, over sulphuric acid (Wallace, l.c.). 
If the solution of AsBr a in HBr is boiled, another 
compound, said to liavo tho composition 
4 AsB r 3 .11 As 4 0 H .21 H.,0, separates out (Wallace, 

l.c.). 

Arsenic, oxychlorides of. AsOCl ( Chlorar- 
senious acid) ; and As 3 0 4 C1. Mol. ws. unknown, 
not loss than represented by above formuhr. 

Formation.— When AsC 1 3 is mixed with less 
than sufficient water to completely decompose it, 
AsOCl is formed. 

Preparation of AsOCl. —By distilling until 
frothing begins the liquid obtained (a) by dis¬ 
solving As,O lt in boiling AsCl, in the proportion 
Ab.,0„ : 2AkCL„ or (b) by leading dry IICl gas 
over dry warm As,0„ until almost the whole of 
the latter has been changed to AsCl.,, and allow¬ 
ing to cool. 

Properties of AsOCl. —Obtained as above, it 
is a hard, translucent, slightly-fuming solid 
which slowly absorbs oxygen from the air 
(Wallace, l\ M. [4] 10,358; Hurtzig a. Geutlier, 
A. Ill, 172). 

Combinations.— 1. A solution of AsC1 3 in 
cone. IiCIAq mixed with solid ammonium 
chloride , and allowed to stand, deposits crystals 
of AsOCl.11.p, but after some days white fibrous 
needles are formed, which, when dried over 
R,S0 4 , have tho composition AsOC1.2NH 4 Cl.—2. 
With water ; a hydrate of AsOCl, having the 
composition AsOCi.H 3 0( - As(01I).,Cl)isobtained 
by adding water to Asf)l 3 in about the propor¬ 
tion 81I 2 0 :AsC 1 ;) and allowing to stand for some 
dayR. The hydrate forms small star-like crystals 
(Wallace, lx. jt 

As 3 0 4 Cl is said to bo obtained, as a hard, 
glass-like solid, when AsOCl is heated until 
Aa 4 O a begins to sublime from it (about 218°) 
(Wallace, l.c.). 

Arsenio, oxyiodide of. AsOI.As,O a . Mol. w. 
unknown. Produced in thin pearly laminro, 
according to Wallace ( P. M. [4] 17, 122) by 
slowly cooling a hot colic, solution of Asl 3 in 
H,0, drying between filter paper, and then over 

h 3 so 4 . 

Arsenic, pentafluoride of; double compounds 
containing. No gaseous compound of arsenio 
Of the type AsX 5 , where X is a monovalent atom 
or atomic group, has yet been obtained. Solid 
compounds are, howover, known, one of the 
constituents of which seems to be the group 
AsF,. The following are described by Marignac 


(A. 145, 287) j—1. Potassie-arwnie fluoride* 
2(KPAsF 6 ).H 2 0; formed in well-developed 
rhombio prisms by dissolving potassium arse¬ 
nate in much hydrofluorio acid.—2. Potassxc- 
arsenic oxyfluoride, KF.As0F 3 .H. 2 0; formed in 
acute rhombic plates by repeated evaporation 
of the solution from which compound No. 1 
is obtained, or by dissolving potassium arsenate 
in a small quantity of HFAq. - 3. Dipotassic• 
arsenic fluoride. 2KF.AsF v ILO; largo, lustrous, 
rhombic prisms, obtained by adding KFAq to 
a solution in HFAq of either of the preceding 
salts, and evaporating.—4. The double salt 
4KF.AsFj.AsOFj.3Iip is said to bo produced ' 
when a solution in HFAq of salt No. 3 is 
repeatedly evaporated. 

Arsenic, phosphide of, v. Arsenio, Combina¬ 
tions , No. 8 . 

Arsenic, selenidos of, and Seleno-sulphide* 

of, v. Arsenic, Combinations , No. 7. 

Arsenic, Bulphides of. (In connection with 
these compounds v. art. Sulphides.) Three 
sulphides of arsenio are known; As 2 S 2 , As 2 S 3 , 
and Ab. 2 S 5 . None of llieso has boon gasified, 
hence the formula) do not necessarily represent 
molecules of the compounds. As 2 S 2 and 
As.Bj occur native as Realgar and Orpiment 
respectively. The two sulphides As.,S 3 and 
As 2 S 4 are salt-forming; they dissolve in alkali 
sulphides with production of thio-arsenitea 
M 3 AsS 3 &c., or thio-arsenates M 3 AsS, <fec. ( v . 
infra). Tho disulphide, As.B., is not salt-forming; 
Berzelius’s statement that it combines with 
various metallio sulphides has been shown to be 
erroneous (Nilson, B. 4, 989). 

I. Arsenic disulphide. As 2 S 2 ( Realgar , 
Red orpiment , Ruby sulphur). S.G. 3'1-3'C. 
H. 1*5-2. Mol. w. unknown. S.V.S. 61*1. 

Occurrence. —Native, as’ Realgar , accompany¬ 
ing ores of silver and lead, &c. 

Preparation. —1. By heating together As and 
S, or Ab 2 S 3 with As, in the proper proportions.— 

2. By heating As,O f with B, in the proportion 
Ak 4 O 0 :7S, repeatedly subliming tho mass from 
end to end of a glass tubo in a stream of C0 2 
(Nilson, J. pr. [2J 8 , 89).—3. By heating Ar._,S 3 
with Na]lCO,,Aq in a closed tube to 150°; 
crystals are thus obtained ^ mm. long (S 6 uar- 



190), by subliming a mixturo of arsenical pyrites 
add iron pyrites. 

Properties. — Occurs native in monoclinio 
prisms, a:b:c = T32:l:*4860; o = 85°1G'; orange- 
red, more or less translucent, resinous lustre, con- 
choidal fracture. Pure As 2 S., is transparent, ruby 
colour, easily fusible, and crystalline after fusion; 
it burns in the air with a blue flume forming SO* 
and As 4 0„. It is used as a pigment, also in pyro- 
techny. 

jR eactions .—1. Nitric acid oxidises As 2 S 2 to 
H 3 As 0 4 , ILSO s Aq, H 2 S0 4 Aq, and S.—2. Heated 
in a current of chlorine , S 2 C1 Z and AsCl 3 are pro¬ 
duced (Nilson, J. pr. [2] 12, 295; 13, 1).— 

3. Heated fn hydrogen , As and H 2 S are formed 
(N.).—4. Solution of potash partially dissolves 
As.S;., with formation of As 2 S 3 which then 
forms KAsS.Aq, and production of As (N.).— 
5. It is slightly soluble in solutions of tho 
alkali-metal sulphides.—6 . It is electrolysed 
to As and S by a powerful battery (Lapscnin* 
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Mianowitsqh* 0. am 6 f 8X8).-7. Heated 
with iodine, the compound As 2 S,.AsI s ( - AsSI) is 
produced (Schneider, J. pr. [2] 28, 486). 

II. Absenio trisulphide. As 2 S 3 ( Arsenwus sul¬ 
phide, Sulpharscnious anhydride, Orpiment, 
Yellow sulphide of arsenic). Mol. w. unknown. 
B.G. 3*46-3*48. S.V.S. 701). 

Occurrence.— Native as Oipimcnt. 

Formation— 1. By heating to 70°-80° a so¬ 
lution of Na 2 C0 3 saturated with As 2 S 3 (Nilson, 
/.nr. [2] 12, 295; 13,1).—2. Impure,commer¬ 
cial, by subliming together 7 parts powdered 
As 4 0„ with 1 part S. 

Preparation. —1. By subliming togethor As 
and S in the proper proportions. 2. By satu¬ 
rating As 4 O a Aq with H,S a little IIClAq being 
added. If no mineral acid is added the As,S 3 
produced remains in solution in a colloidal form 
(Schneider, J. pr. [2] 25, 431). 

Properties. - Occurs native in trimetric prisms 
{a\b:c - *G03:1: *C74) translucent,lemon-or slightly 
orange-yellow. Prepared in tho wet way it 
forms a lemon-yellow powder which becomes 
darker when heated. Melts easily and volati¬ 
lises at a higher temperature. When ILS is 
passed into As,O 0 Aq, As._.S 3 is formed but remains 
in solution in colloidal form; a saturated so¬ 
lution contains 34*10 p.c. As 2 S 3 ; it is slowly 
decomposed on standing, but may bo boiled 
without precipitation of As.S.,; bone char re¬ 
moves all the As.S 3 from solution; most acids 
and many salts precipitate As.H-j (Schneider, 
J. pr. [2] 25, 431). Used as a pigment, also as 
a reducing agent in dyeing, also as a depi¬ 
latory. 

lieactions. —1. Long-continued action of hot 
water produces H.,S and As 4 O u Aq according to 
Field(0. N. 3, 114).--2. Dilute acids do notact 
on As 2 S 3 ; cone. HClAq produces AsC1 a ; cone. 
HNO s Aq produces lLSO,Aq, S, and H 3 As0 4 Aq. 

3. Fused with potassium-hydrogen sulphate , 
S0 2 is evolved, and KHAs(X and K.S0 4 remain. 

4. Chlorine acts readily, a brown liquid is 
formed said to be a chlorosulpliideof As (ll.Kosc) *, 
heated with chlorine, AsCl a is produced (Ludwig, 
Ar. Ph. 97, 23).—5. Passed over hot iron , silver, 
Ac., sulphide of the metal is formed, and arsenic 
which partially alloys with the metal.—0. Passed 
over red-hot lime, sulphide and arsenate of 
calcium, and arsenic are produced.-7. Heated 
with sodium or potassium carbonate, a mirror sf 
As is obtained, along with arsenate and tliio- 
arsenato of the alkali metal; if the mixture is 
heated in hydrogen the arsenate is reduced 
(Rose, P. 90,505).— 8 . Heated with an alkaline 
carbonate and charcoal or potassium cyanide, a 
mirror of As is obtained; according to Fresenius 
(A. 49, 287), the whole of tho As in the As,.B : , is 
thus obtained; according to Rose (Ph. C. 1853. 
594), some of the As forms thio-arsen£fte (KCNS 
being also produced) which is not reduced. No 
mirror of As is obtained (Rose) if As 2 S 3 is mixed 
with excess of S and heated with KCN; the 
presence of an easily reduced metal i| also said 
to prevent the formation of As, because the As 
alloys with the metal. If the mixture of As 2 S a 
with Na^COa (or K 2 C0 3 ) and KCN is heated in 
hydrogen, the whole of the arsenic is obtained as 
metal (comp. Rose, P. 90, 565, with Nilson, A. 
49, 287).—9. ABjSj readily dissolves in cold 


aqueous potash, soda, or ammonia, forming an 
arsenite and a thio-arsenite; thus : 

2 As s S, + 4KOHAq «* 

KAsO.^Aq + 3KAsS a Aq + 211,0; 
on adding an acid to the solution the whole of 
the As is precipitated as As B S 3 ; thus : 

KAsO,Aq + 3KAsS 2 Aq + 41IC1 Aq = 

4KCI Aq + 2AS;.S 3 + 21LO. 

If oxide of Ag or Pb is added to a solution 
of AS;,S 3 in NII ;1 Aq and the solution is boiled, 
the whole of the S is precipitated as Ag 2 S or 
PbS, and Ag or Pb arsonite remains in solution. 
10. When As..S 3 is boiled with a solution of 
sodium or potassium carbonate , AsJL is precipi¬ 
tated, C0 2 and H 2 8 are evolved, and tho solution 
contains tho following salts, Na.,S.3As.,S 3 ; 
Na,0.2As.,SA; Na u AsS,; Na.HAsO.i'NallCOj; 
(Nilson, J. pr. [2] 14, 1, 115).—11. As.,S 3 is 
easily soluble in a hot solution of potassium- 
hydrogen sulphite ; thus, 2As.,S 3 + 10KHSO.,Aq = 
4kAsO..Aq -V OK.S.OaAq + 7SO.,Aq + 3S + 8 H..O. 

Combinations.— As 2 S 3 acts as a salt-forming 
sulphide, or anhydride of a thio-acid ; it com¬ 
bines with tho sulphides of the alkali and 
alkaline earth metals, and with some metallic 
hydrosulphides, to form thio-arsenilos (g.v. under 
Arsenic, tmio-acids of). The following are the 
typical reactions: 

1. As„S., + K.,SAq - 2(AsS.SKAq). 

2. As.;S 3 l ONH ,J ISAq = 2(As.(SNi 1 ,),Aq) + 3H.& 

3. As.,S 3 + 2(NH,)..SAq = As,S(KNll,),Aq. 

III. —Arsenic i*KNTA8ULrnii>K. AsBj (Per- 
sulphide of Arsenic). Mol. w. unknown. 

Preparation.—1. By melting As with con¬ 
siderable excess of S, a thin, transparent, liquid 
is obtained which solidities to an elastic mass, 
j and after some time becomes bard ; if this hard 
1 solid is powdered and treated with NH 3 Aq a 
| solution of Ah.Bj is obtained from which the 
! sulphide is thrown down on addition of HClAq 
| (Gelis, A. Ch. [4] 30, 114).-2. A solution of 
| Na,S is digested with As 2 S 3 and enough S to 
, form ASj-Sj, on evaporating and cooling large 
! crystals * of 2Na 3 AsS r 1511,0 are obtained 
(liammelsberg, P. 52, 249 ; 40); when HClAq 

is added to a solution of this salt, As._.S 4 is pre¬ 
cipitated and IIjjS is evolved (Fuchs, Fr. 1,189; 
Fliickiger, Vicrteljahrsschr. pr. Pharm. 12, 330; 
Eckert, ibid. 13, 357). Tho product of tho 
action of ILS on H 3 As0 4 Aq is not As-B^ as ay as 
! once supposed, but is a mixture of As,H s and 8 
| (2H.,AsO,Aq + 2H,S = As..O a Aq + 511,0 + S 2 ; 
j As.O.Aq + 3ILS - As 2 S 3 4 HILO) Iv. Ludwig, 
i Ar. Ph. [2] 97', 32; also II. 1108017'. 107, 180). 

Properties.— A yellow powder, easily fusible; 
may bo sublimed in a Btream of a gas which 
docs not act on it. 

lieactions— 1. Heated in a stream of 
hydrogen, it is reduced to metallic As, and H,S. 
2. Dissolves easily in ammonia, potash, and 
■ soda solutions, with production of thio-arsenate, 

! and arsenate, of the alkali metal.—3. Dissolve! 

• easily in solutions of alkali sulphides, forming 
i thio-arsenates. The sulphide As 2 S 5 behaves at 
I a salt-forming compound, or as the anhydride 
of thio-arsenicacid; the salts which are generally- 
formed directly from it are pyro-thio-arsenateil 
M 4 As 2 S 7 ; these yield two other scries of salts, 
viz. ortho-thio-arsenatesM,Asfl 4 , and meta-thia 
arsenates MAsS, (v . Arsemc, tiiio-acids of). 
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Arsenic, nUpho-aoldi of, v. Arsenic THIO- 

ACIDS OF. 

Arsenic, sulpho- (or thio-) bromide of. 
ABS. r Br,(«AsSBr.SBr 2 ). Mol. w. unknown. 
[ — 17°]. Dark red crystals deposited at —18° 
on addition of a small quantity of powdered 
As to a solution of S in Dr in ratio S:Br 2 ; 
decomposed by water into As 4 0„Aq, IIBrAq, and 
H (Ilammy, C. J. 33, 2'J1). 

Arsenic, sulpho- (or thio-) iodide of. AsSI. 
Said to bo formed by the mutual action of As a &. 
and I (Schneider, J. pr. [2] 23, 480). 

Arsenic, sulphydrates (or hydrosulphides) of. 
Only one compound As, S, and II is definitely 
known, AsS(SII) 3 ; v. Thio arsenic acids under 
Arsenic, tiiio-acids of (v. also the art. IIymio- 
«uli»;«il»ks). 

Arsenic, tellurides of, v. Arsenic, Combina¬ 
tions , No. 0. 

Arsenic, thio-acids of. (In connection with 
these compounds v. tho art. Hyduosulphides.) 
Arsenioiis sulphide, As.S a , dissolves in alkalis or 
alkali sulphides to form salts, and from these 
other salts are obtained by double decomposition. 
The sulphide As. : 8. ( may be regarded as the anhy¬ 
dride of three thio-acids AsS.SH, As(SI 1) 3 , and 
As 3 S(SH)„ corresponding to the three hypothe¬ 
tical oxy-acids ( v . Ar.sKNinusACin); none of these 
acids is known, all attempts to prepare them 
having resulted only in tho production of As.B 3 
and ILK, but thio- or sulph- arsrnit.es are known 
belonging to tho three types, MAsS.,, M 3 AsS 3 , 
and M,As,S,. The more important of these salts 
are described below. Arsenic pcntasulpliide, 
AS..S.,, dissolves in alkalis and alkali sulphides 
to form salts from which other salts are ob¬ 
tained (u. infra). According to Nilson (J.pr. [2] 
14, 1, 115) the pp. obtained by adding dilute 
HClAq to a solution of Na 3 AsS 4 (v. Arsenic 
pentasulpiiide, Preparation of) has tho compo¬ 
sition of ortho-thio-arsenic acid II. t AsS, [ = 
AsS(SlI) s ; no other thio-arsenic acid is known, 
but the salts may be divided into three classes, 
analogous to tho arsenates, viz.: pyro-thio- 
arsenates M 4 As„S r (hypothetical arid--li 4 As„S 7 ), 
mela-thio-arscnates MAsS 9 (hypothetical acid = 
HAsS,), and ortho-thio-arsenates M,AsS 4 (acid 
(?) H,A S H,). 

I. Thio-arsenites. As already stated, no 
ihio-arsenious acid is known. The salts which 
have been examined belong for the most part to 
the type M 4 As 2 S a ; they are produced either by 
the direct union of AShS 3 with metallic hydro- 
sulphides, or by ordinary double de¬ 

composition of (NH 4 ) 4 As.XA«1 by solutions of 
metallic salts, e.g. Ph.As.il,. A few salts belong¬ 
ing to the forms MAsS, and M.,AsS 3 , are also 
known, e.g. KAsS., and K s AsS a ; they are formed 
by the action of alkaii sulphides on As..S 3 
{comp, reactions given for Arsenic tuisulphide, 
p. 315). The thio-arsenites of the alkali and 
alkaline earth metals and of magnesium are 
soluble in water, but tho solutions are decom¬ 
posed on boiling, the others are insoluble in 
water. Most of these salts give off all their sul¬ 
phur when strongly heated out of contact with 
air. These salts have been chiefly investigated 
by Berzelius (r. Gw. 4, 275). 

Only thoso salts which have been fairly 
satisfactorily examined are mentioned in the 
following brief account:— 


Ammonium thio-arsenites. (NHJjASjS* 1* 
obtained by dissolving As,S s in (NH^SAq and 
adding alcohol; if NH 4 HSAq is added before 
preoipitating by alcohol the salt obtained has the 
composition (NH 4 ) 3 AsS 3 . 

Barium thio-arsmites. Ba^As.^j is obtained 
as a pasty brownish-red very soluble mass by 
digesting As 2 S 3 with BaS.H.Aq ; from the solu¬ 
tion alcohol throws down Ba 3 (AsS 3 ) 2 . 

Calcium thio-arsenites. The salt Ca 3 (AsS 3 )| 
is obtained as crystals by digesting As 3 S 3 with 
milk of lime and allowing tho solution to evapo¬ 
rate ; from the brownish mother-liquor alcohol 
precipitates white Ca 3 (AsS 3 ) 2 .15ILO. 

Lithium thio-arsenites. Closely resemble 
the potassium ealts (g. v.). 

Potassium thio-arsenites. The salt KAsS 2 
may be obtained in solution by dissolving As 2 S 3 
in K 2 SAq, but this solution decomposes on 
evaporation; in the solid form by heating KAsS, 
or by fusing As 2 B 3 with K 2 C0 3 . By adding alco¬ 
hol to a solution of As 2 S 3 in K 2 SAq, a white pp. 
of K :J AsS. { is obtained. All these salts readily 
undergo change in aqueous solutions. Berzelius 
describes several other more or less indefinite 
bodies as potassium thio-arsenites. 

Sodium thio-arsenites. Closely analogous 
to the potassium salts. 

The following thio-arsenites seem also to 
exist; they arc generally obtained from 
(NfI,) 4 As ; ,S i Aq by double decomposition:— 
(BiS),As 2 S 5 ; Ce.As 2 S 4 ; Cd 2 As.,S a ; Co.,As.,S 4 ; 
CiijAs.S,; Fc..As..S,; Au,(As..Sj a ; Mg‘As'« a ; 
Mn,As 2 S fl ; Hg..As..S 3 ; ITg(A*sS..) 2 ; NlAsIS,; 
Sn./As 2 S a , SnAs.Bj; PLAs.B.,; Ag,As 2 S s ; 
(US) 4 As 2 S 6 ; Zn.As.K;,. Thio-arsenites of chro¬ 
mium , molybdenum , and zirconium , seem also 
to exist. 

II. Tiiio-arsenates. As already slated, it is 
probable that ortho-thio-arscnic acid 1I 3 AsS 4 
has been prepared. The tiiio-arsenates may bo 
divided into throe classes, of which tho three 
potassium salts aro representatives: K,As 2 S,, 
K a AsS,, and KAsS.,. The thio - arsenates aro 
obtained : 1. By digesting As..S a with solutions 
of the alkali sulphides, on cooling some As 2 S s is 
precipitated.—2. By dissolving As 2 S 3 in solutions 
of alkali-polysulphides. -3. By precipitating 
solutions of arsenates by ILS, or by (NH,).BAq; 
in tho latter case the liquids must be boiled to 
remove NH 3 .—4. By fusing As 2 S 3 with alkali 
carbonates.—5. By dissolving As 2 S 5 in KOIIAq 
or NaOII aq ; arsenate is formed as well as thic 
arsenate. The thio-arsenates of the alkali metals 
are yellow or red, very soluble in water, crystal- 
livable, fairly stable, compounds; their aqueous 
solutions are slowly decomposed by exposure to 
air. Tho other thio-arsenates are more easily 
decomposed; those of the heavy metals are in¬ 
soluble in.watcr; they are best prepared by de¬ 
composing the solution of an alkali thio-arsenate 
by a solution of a salt of the metal. Soluble 
thio-arsenates arc decomposed by HClAq with 
precipitation of As 2 S a . The salts obtained by 
the methods enumerated are usually pyro- thio- 
arsenates M 4 As 2 S 7 ; the meta- and ortho- salts 
are produced from these, very frequently by the 
action of alcohol on their solutions; alcohol 
usually precipitates an ortho- salt and leaves 
a meta- salt in solution. The ortho- salts are fre¬ 
quently crystalline; most of the others ara 
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amorphous. Heated in absence of air, most 
thio-arsenates yield thio-arsenites, and then 
ASaS, which sublimes, and a metallic sulphide 
which remains; some, however, are unchanged 
by heat alone, e.g. M 3 AsS 4 where M = Li, K, Na. 
Heated in air, the thio-arscnates, as a class, give 
off ABjjSj and As 4 0 ); , and leave a sulphate in tho 
cases of alkaline salts, or an oxide in the cases 
of salts of heavy metals. The thio-arsenates 
have been chiefly investigated by Berzelius (v. 
Qm. 4, 275); also by Nilson (J.pr. [2] 12, 295; 
13,1). 

Tho following aro the thio-arsenates which 
have been fairly well investigated:— 

Ammonium thio-arsenates. The pyro- sa ^ 
(NH 4 ) 4 As..S 7 has not been obtained as a solid : a 
solution of As 2 S 3 in (NII 4 ) 2 SAq probably contains 
this salt, it is decomposed on evaporation; 
alcohol precipitates the ortho- salt (NH,) 3 AsS 4 
in white prismatic crystals, while the meta- salt 
NHjAsS, remains in solution. 

Barium thio-arsenates. A solution of 
BaHAs0 4 is decomposed by I1 2 S, but the puro 
pyro-thio-arsenate, Ba 2 As 2 S 7 , has not been ob¬ 
tained ; this solution is decomposed by alcohol 
into Ba 3 (AsS ,) 2 which precipitates, and Ba(AsS 3 ), 
which remains in solution. 

Magnesium thio-arsenates. The pyro- salt 
Mg.As .S, is a yellow solid, very soluble in water ; 
by adding Mg(SII).Aq to this solution until II 2 S 
ceases to come olT, and evaporating in vacuo , 
crystals of Mg a (AsS 4 ) 3 aro obtained; alcohol 
decomposes this salt, dissolving out Mg 2 As 2 S ; . 

Potassium thio-arsenates. The pyro- salt, 
K 4 As...S„ is best obtained by treating K ? IIAs() ,Aq 
with IX ,8 and evaporating in vacuo ; it forms a 
yellow viscid mass which liquelies on oxposuro 
to the air and then crystallises in rhombic 
plates. By adding alcohol to a cone, solution of 
this salt an oily liquid is obtained which 
crystallises when warmed giving K ;) AsS,, and 
KAsS ;t remains in solution. A salt containing 
both sulphur and oxygen, AsSO.OK.lLO is 
described by Bouquet and Cloez (A Ch. [3] 13, 
44), produced by tho action of H 2 S on cold 
saturated K,lIAsO,Aq*, it may perhaps bo re¬ 
garded as a double compound of the hypothetical 
oxysulpliide As 2 S 2 0 3 with K 2 0, but the data are 
very meagre. 

Sodium thio-arsenates . The ortho- salt 
2Na a AsS 4 .15Tld) is obtained in large while, or 
yellowish, monoclinic prisms, by digesting 
Na 2 SAq with As 2 S 5 , or with As 2 S 3 and sullicient 
8 to form As 2 S ;> , and allowing to crystallise (Frose- 
nius, Fr. 1, 192). Tho same salt is also obtained 
by decomposing Na.JIAs0 4 Aq by H.B, andadding 
alcohol to the solution; according to tho con¬ 
ditions under which this liquid is allowed to 
crystallise, crystals of varying form and some¬ 
what varying appearance are obtained (Berze¬ 
lius). The crystals are not dehydrated in dry 
air, but when slowly heated the salt may be 
obtained without water of crystallisation. It is 
doubtful whether the meta- and pyro- thio- 
arsenates havo been obtained; tht solution 
from which tho ortho- salt is thrown down by 
alcohol probably contains NaAsS a , and tho solu¬ 
tion before alcohol is added probably con¬ 
tains Na 4 As 2 S 7 . Tho double thio-arsenato 
Na^NIIJ^AsSJ, is also described by Berzelius 
iU). 


Besides the above salts, the following thio- 
arsenates seem to have been obtained in fairly 
definite forms: Ca.jAs 2 S„ Ca 1 (AsS 4 ) J ; Ce,As 2 S 7 , 
Ce 3 (AsS 4 ) 2 , Cg 4 (As 2 S 7 ) 3 ; Co 2 As 2 S 7 ; Au 4 (As 2 S 7 ) 3 ; 
B , e 4 (As ;2 S 7 ) ai Fe 2 As 2 S 7 ; Pb 2 As 2 S 7 , Pb s (AsS 4 ) 2 ; 
Mn 2 As 2 S 7 ; Hg 2 As 2 S 7 , Hg 4 As 2 S r ; Ag 4 As 2 S 7 ; 
(US) 4 A*s 2 S 7 . Thio-arsenates of Sb, Be, Bi, Cd, 
Cr, Li, Ni, Pt, Sr, Y, Zn, and Zr, probably exist. 

Arsenic acid and Arsenates v. Ahsknio, acids 

OF. 

Arsenides. Binary compounds of arsenic 
with moro positive elements, v. Arsenic, Com¬ 
binations, No. 9. 

Arsenious acids and Arsenites, v. Arsenic, 
Acids of. M. M. P. M. 

ARSENIC COMPOUNDS, ORGANIC. This 

article is devoted to compounds in whoso mole¬ 
cules arsenic is supj)osed to be directly united 
to carbon. They are produced by distilling 
alkyl iodides with an alloy of arsenic with 
potassium or sodium (thus Mel gives As 2 Me„ 
AsMo.„ and AsMe 4 I—Cahours a. Riche, C. It. 
39, 511), or by heating AsCl ; , with compounds 
of mercury with alkyls or aromatic radicles or 
by the action of sodium on a mixture of AsCl, 
and a haloid derivative. The methyl derivatives 
will be described first, followed by tho methyl- 
ethyl, ethyl, phenyl, and finally by the benzyl, 
derivatives. The nomenclature employed is 
somewhat different from that used for derivatives 
of nitrogen. Thus the radicles AsMo, AsMe 2 , 
AsMcj,, and AsMc 4 are called methyl-arsine, di- 
methyi-arsino, tri-methyl-arsino, and tetra- 
mcthyl arsonium respectively. 

Methyl-arsine dichloride AsMeOL. (133°). 
At 40°-50° di-methyl arsine trichloride pro¬ 
duces AsMeCl, thus: AsMc 2 G1 3 -- MeCl -i- AsMeCl a . 
Liquid which does not fume. M. sol. water but 
not decomposed by it. It violently attacks the 
mucous membrane. At —10° absorbs 01 2 form¬ 
ing AsMeCl, which at 0° splits up into MeCl 
and AsClj (Baeyer, A. 107, 257). 

Methyl-arsine di-iodide AsMrl,. [c. 25°J. 
From tho oxide, AsMeO, and TIL From cacodyl 
and iodine (Cahours, C. It. 50, 1022). Yellow 
needles (from alcohol). Converted by Il 2 S into 
AsMcS, and by HC1 into AsMeCL. 

Methyl-arsino sulphide AsMeS. [110°]. 
From IXS and AsMeCl 2 . Plates (from alcohol). 
Insol. water. Pps. Ag, Cu, and Pb, as sulphides 
from their salts. 

Methyl-arsine disulphide AsMeS... Formed 
by passing IXS into an acidified sedation of 
methau-e-ursonic acid (G. Meyer^^. 10, 14-10). 

Methyl-arsine oxide AsMeO. [95°J. Formed 
by action of K,CO a on the chloride AsMeCl,. 
Crystallises from CS 2 in irregular cubes, smells 
like Asa firtida. M. sol. cold, v.sol. hot, water; 
slightly volatile in vapour of water and alcohol; 
v. sol. aqueous acids farming neutral solutions. 

Methane arsonic acid MoAsO(OH) 2 . From 
AsMcCL and excess of moist Ag.O. From 
AsMeO in aqueous solution by action of HgO. 
From aqueous sodium arsenito and Mel (M.). 
Large spear-shaped lamina* composed of small 
needles (from alcohol). 

Salts.— BaA",5H 2 0: ppd. as anhydrous 
rhombic crystals, by adding alcohol to aqueous 
solution; the crystals soon change to hydrated 
needles. Ag.,A": nacreous crystals which ex¬ 
plode above 100 *—CaA" aq. 
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Tetwumethyl di-arsenid# As-Me* Cacodyl 
A Ikarsin. Mol. w. 210. [c.- 6 °]. (0.170 s ). 
V.D. 7-1 (air = 1). 

Preparation. —By heating di-methyl-arsine 
chloride (cacodyl chloride) with zinc at 100 ° in 
bulbs filled with CO., (Bunsen, P. 40, 219; 42, 
146; A. 87, 1; 42, 14; 40, 1). 

Properties. — Stinking oil; heavier than 
water. Takes fire in air or in chlorine, Reduces 
HgClg to mercurous chloride. 

Reaction. —As..Mo 4 + 2MeI« AsMe,I + AsMe 2 I 
(Cahours, A. 122, 209). 

Combinations.— When gradually mixed with 
air, chlorine, or bromine, it forms derivatives 
of cacodyl, behaving like a molecule of such 
a metal as potassium: (AsMe 2 ) 2 + Cl 2 = 
2(AsMe 2 )Cl; and (AsMe.J, + O = (AsMc 2 ) s O. 

Tetra - methyl - di - arsine oxide (AsMe./.O. 
Cacodyl oxide. Mol. w. 220. [c. — 25°J. (120°). 
S.G. 1-402. V.T). 7-55 (calc. 7*88). 

Formation. —Cadet’s fluid (Crcll. N. Chctn. i 
Arch. 1, 212), obtained by distilling KOAc with ; 
an equal weight of As./).,, is cacodyl oxide mixed 
with some cacodyl. IlgO converts both into 
cacodylio acid, whence a mixture of HgCL and | 
fuming 1ICI forms cacodyl chloride. The laltor j 
is converted into cacodyl oxide by distilling i 
with aqueous potash in a current of C0 2 
(Baeyer, A. 107, 282) : 2AsMe.,Cl -i- 2KIIO = 
H 2 0 + 2KCJ + (AhMo.,).0. 

Properties. Pungent, stinking oil. Slowly 
oxidises in air forming cacodylio acid. Acids 
convert it into salts of cacodyl. 

Compounds. — Forms with HgCL, a com¬ 
pound (AsMe.J/)2IIgCL, crystallising in tri- 
ractrio plates. 8 . 8-47 at 100°. Distilled with 
fuming 11 Cl this forma cacodyl chloride.— 
{AsMe 2 )/) 2 HgBr...—(AsMoJ.,0 ij AgNO a : explodes 
at 100°.— (AsMe.J/) PlCL.aq : red-brown pp. 
converted by KBr into (AsMe.J/) l’tBr 2 aq, and 
by KI into (AsMeJ./)Ptl 2 . 

Di-methyl-arsine chloride AsMe,Gl. (c. 100°). 
V.D. 4-o() (calo. 4-85). Obtained from cacodylio 
acid as above; or by action of chlorine-water 
on cucodyl.— Heavy oil; attacks tho mucous 
membrane; combines with CL. forming AsMc/JL,. 
Zn, Sn, and Fo liberate AsJWo,. 

Compounds. — AsMe.Cl CuCl (Bunsen),— 

<A 8 Me 2 C!),PtCI 4 . 

Di-methyl-areine bromide AsMe.Brryellowoil. 

Di-mothyl-arsine iodide AsMe.J (100°): oil 
(Cahours a. Riche, A. 92, 8(54). 

Di-mothyl arsine cyanide AsMe 2 Cy. f33°], 
(140°). V.I). K y . Prisms. Excessively poisonous. 

Di-methyi-arsine sulphide (AsMeJ., S. Com- 
bines with S to form (AsMeJ-A. fo0°J. 

Di-methyi-arsine fluoride As*Mo 2 F. Liquid. 

Di-methyl-arsine ti ichlorido As*Me 2 Cl 3 . 
Cacodyl trichloride. From PCI 4 and cacodylio 
acid ; or from cacodyl chloride and CL 

Reactions.—1. At60’ it splits up as follows: 
AsMe 2 Cl a « MeCl + AsMcC1 2 .—2. With water it 
forms cacodylio acid. 

Di-methyl-arsinic aoid AsMe 2 0(OH). Caco - 
dylic acid. Mol. w. 188. [200°]. 

Formation.— From cacodyl and HgO in 
presence of water. 

Properties. - Large prisms (from alcohol), 
without odour, but poisonous. V. sol. water, 
m. sol. alcohol, insol. ether. Not acted on by 
HNO„ HC1, aqua regia, KMn0 4 or CrO,. 


Reactions.— 1. H,PO a reduces It to cacodyl 
oxide.—2. Aqueous H ? S forms cacodyl sul¬ 
phide.—8. An aloohohe solution gives with 
alcoholic HgCl 2 a pp. of (AsMeJjOjHg./Jla.— 
4. Cacodylates are converted by dry H 2 S into 
thio-cacodylates; e.g. (AsMe 2 S 2 ) 2 Pb — AsMe 2 S 2 Cu. 
—(ABMe 2 SJ s Sb.—(AsMe 2 S/ s Bi.—AsMc^^u. 

Salts.—Soluble in water, but amorphous. 
AgA': needles. — AgH 2 A' s : needles.—AgA'AgNO*. 

Compounds. —HCI forms a crystalline com¬ 
pound (AsMc/LH HCI) decomposed by water. 
This compound distilled in a current of HOI 
splits up thus: AsMe/XH IIC1 + 2HC1 = 
AsMeCSlg + MeCl + 2ILO. — IJA'HF: prisms. 

Tri-methyl arsine AsMe,. Mol. w. 120. 
(c. 100°). Formation. —1. 2AsCl, + 3ZnMe 2 » 
3ZnCl 2 + 2AsMe a (Hofmann).—2. From AsMeJ 
and solid potash (Cahours, C. R. 49, 87). 

Properties. —1. Combines directly with 
Cl* Br,„ I 2 , S, and O. 

Iodide AsMeJ,. Splits up on distillation 
into Mel and AsMe.J, cacodyl iodide.— Oxide. 
AsMe,0: deliquescent crystals.— Su Ip hide 
AsMeJt: prisms (from alcohol).— Bromide 
AsMe 3 Br 2 . 

Tetra-methyl-arsonium iodide AsMeJ. 


Formation. —1. From sodium arsenide and 
Mel at 180°, and treating the product (AsMo JAsI,) 
with KOH (Cahours, C. R. 30,1001; A. 122,192). 

Properties Plates (from alcohol mixed with 
Mel). 

Combinations. —AsMeJI... — (AsMo/).,ZnI a . 
—(AsMe 4 I) 2 CdI 2 .—AsMcJAsT* 

Reactions. —1. With ZnMe 2 gives AsMe s (?) 
(Cahours).—2. KOH no action.—3. Moist Ag 2 0 
gives AsMo 4 OH, deliquescent alkaline crystals.— 
4. Ag 2 SO, gives crystalline (AsMo 4 ) 2 S0 4 .— 
6 . AgN0 3 forms crystalline AsMe,N0 3 . 

Penta-methyl-arsenide AsMo,. From AsMe 4 I 
and ZnMe 2 . With iodine forms Mel and AsMeJ; 
with HCI forms CH 4 and AsMc,Cl (Cahours). 

Di-methyl-ethyl-arsine. — AsMe 2 Et. From 
AsMe.J and ZnEt 2 . Liquid (Cahours). 

Methyl-di-ethyl-arsino AsMeEt 2 . From 
AsMelo and ZnEt. (Cahours). 

Di-methyl-di-ethyl arsonium Balts. 

Iodide. —AaMe 2 Et 2 I. From cacodyl andEtl, 
thus: As 2 Me 4 + 2EtI = AsMe 2 Et 2 I +AsMe 2 Cl (Ca¬ 
hours a. Riche, C. R. 39, 541). 

Hydroxide : very deliquescent. 

Chloride AsMe 2 Et 2 Cl: deliquescent needles. 

Platino-chloride (AsMe,Et 2 Cl) 2 PtCl 4 . 

Bromide AsMo.EtJBr: deliquescent. 

Iodide AsMe/'lt.J: prisms. 

Periodide AsMe 2 Et.J 3 : lustrous prisms. 

Nitrate AsMe 2 Et 2 N0 3 : deliquescent grains. 

Sulphate (AsMe 2 Et 2 ) 2 SU 4 : octahcdra. 

Ethyl-arsine iodide AsEtL,. From AsEt 2 I 
and I 2 (Cahours, C. R. 50, 102*2; A. 116, 367). 
With moi§t Ag 2 0 it forms the acid AsEtO(OH) 2 . 

Ethyl-arsine chloride AsEtCl 2 . (156°). From 
HgEt 2 and AsCl 3 (La Coste, A. 208, 33). Liquid, 
m. sol. water. 

Ethane arsonic acid EtAsO(OH) 2 . From the 
preceding by the action of diluted HNO r Small 
crystals (from alcohol). —Ag 2 A": pearly scales. 

Tetra-ethyl-di-arsenide As 2 Et,. Mol. w. 266. 
(185°-190°). From an alloy of arsenio and sodium 
on EtI (Landolt, A. 89, 819). Heavy stinking 
oil, takes fire in air. Reduces salts of silver and 
mercury. Unites directly with sulphur and 
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halogens, Alcoholic HgCL givea a crystalline 
precqjitttte AsEt J CI J 2Hg 2 0{?). ■ *• 

Iodide AsEt/. (c. 230°). Oil. 

Di-ethyl-arsinio acid AsEt a O(OH). [190°]. 
From AsEt 3 and HgO under water (Landolt, A. 
92, 365). Large plates, soluble in water. Not 
Attacked by HNO s or aqua regia. 

Salts.—BaALHA' 2aq. Very sol. in water, 
difficultly sol. in alcohol. 

Tri-ethyl-arsine AsEt,. Mol. w. 162. 
(140°-170°). S.G. U 1*151. V.D. 5-28 (calc. 
5-62). 

Formation.—1. From AsCl, and ZnEt, 
(Hofmann a. Cahours, C. 72. 41, 831).—2. To¬ 
gether with ASoEt 4 by the action of EtI on an 
alloy of arsenic and sodium.—3. By distilling 
AsEt 4 I with solid potash (Landolt, A. 89, 322). 

Properties.— Oil of disagreeable odour. Fumes 
strongly in air. Combines directly with non- 
metals. Does not reduce ammoniacal silver 
nitrate (difference from As 2 Et 4 ). 

Combinations. —AsEt.,Br 2 : deliquescent.— 
AsEtJ 2 . [1G0°], (190°). (Cahours a. Riche, 
A. 92, 365).—AsEhjS. [c. 100°]. Prisms (from 
ether); pps. sulphides from solutions of metallic 
salts. — (AsEt ) 2 PtCl 2 . — (AsEt ; ,),PtCI 2 . — 
(AsEt 3 ),PdCl., (Cahours a. Gal, C. It. 71, 208).— 
(AsEt : 1 6 AsEt,Cl,IIg..Cl..(?). — AsEt 3 AuCl. — 
AsEt 3 PEt ;t (C..H,Br)Br." 

Tri-ethyl-arsine oxide AsEt,0. Formed by 
exposure of an ethereal solution of AsEt., to the 
air. An oil, insoluble in acids, except UNO.,. 

Tetra-cthyl-arsonium iodide AsEt,I. 

Formation .—1. From AsEt., and EtI 
(Landolt, A. 89, 331).- 2. Arsenic with EtI at 
180° gives red needles of AsEt,IAsI.„ which is 
then boiled with potash (Cahours a. Itiche, C. It. 
39, 516).—3. An alloy of arsenic with Zn or 
Cd heated with EtI gives (AsEt,l) 2 ZnI, or 
(AsEt,I) 2 CdI 2 ; these arc boiled with potash 
(Cahours, A. 122, 200). 

Properties. —Needles, v. sol. water and 
alcohol, insol. ether. 

Reactions.— 1. With moist Ag.,0, gives an 
alkaline hydrate.—2. Combines with L forming 
brown needles of AsEt,I s . 

Tetra-ethyl arsonium salts (Landolt, A. 
92, 371). 

Chloride AsEt,C14aq: deliquescent crys¬ 
tals, insol. ether. -(AsEt,Cl).(BiCl ; ,)., (Jorgensen, 
J.pr. [2] 3, 346). 

Platino-chloridc (AsEt 4 Cl) 2 PlCl 4 : si. sob 
cold water. 

Bromide AsEt 4 Br: deliquescent mass.— 
(AsEt 4 Br).,(fiiCl 3 ) 2 . 

Sulphate AsEt,SO.,H : grains, v. sol. water 
and alcohol, si. sol. ether. 

Bromo - tetra ■ e$hyl - arsonium bromide 
(CHjBr.CHJAsEtaBr. From ethylene bromide 
and AsEt., at 50° (Hofmann, Pr. 11,62). 
Rhombic dodccahedra (from alcohol).* V. sol. 
water, si. sol. alcohol. Aqueous AgNO a pps. 
half its bromine as AgBr. 

Reactions. — 1. With moist Ag.,0 it gives vinyl 
triethyl arsonium hydroxide, C 2 H,As]4t 3 (OII). - 
2. With AsEt 3 it gives As !l (C 2 H 1 )Et d Br a .—3. With 
ammonia at 100 ° it gives a compound 
NAs(C 2 H 4 )Et 3 H.,Br 2 . This compound and the 
preceding are converted by Ag 2 0 into oxides 
and thence into platinochiorides (e.g. 

. NAsfCjjHJEtjHgClaPtClJ and other salts.— 


4. AuCl, gives crystals of AsEtjAuGl.—5. PtOL 
giveS crystals of As^Et.Pt (Hofmann, A. 
103, 857). 

Di-methyl-di-isoamyl-arsonium iodide 

AsMe 2 (C i H M ).,I. From cacodyl and iso-amyl 
iodide at 180°, as follows: As.Me 4 + 2C V H I1 I = 
AsMe 2 (C a H M ),I +AsMe.I (Cahours a. Riche). 

Tri-propyl-arsine AsPr,. At 180°, arsenic 
combines with PrI forming AsPrJAsI,. Dis¬ 
tilled with solid potash, this gives AsPr, (Ca¬ 
hours, C . 72. 76, 1383). Arsenic acts similarly 
on isobutyl iodide at 180-' (Cahours, C. R, 77, 
1406). Calcium butyrato distilled with As./), 
gives a distillate resembling Cadet’s liquid, pro¬ 
bably containing the propyl homologues of caco¬ 
dyl compounds (Wohler, A. 68 , 127). Potassium 
valerate distilled with As.O., appears similarly 
to give ‘ butyl-cacodyl * derivatives (Gibbs, Am. 

5. [2] 15, 118). 

AROMATIC DERIVATIVES. 

Literature. —Michaolis, A. 201, 184; 207, 
195 ; 208, 1; 233, 60; 72. 8 , 1316; 9, 1566 ; 10, 
622; 11, 1883; 13, 2176; 14, 912; 15, 1952, 
2876 ; 18, 42; La Coste, A. 184, 1 ; 208, 1 . 

Di - phenyl - di - arsenide C ti H.,As:As.C H II 4 . 
Arse no’benzene. [196°]. Prepared by reduction 
(best with phosphorous acid) of an alcoholic 
solution of phenyl-arsine oxide (MichaeJia a. 
Schulte, 72. 11 , 912; 15, 1952). Yellowish 
needles. Sol. benzene, chloroform, and CS a ; si. 
sol. alcohol, insol. water and ether. On heat¬ 
ing it gives triphenyl-arsine and arsenic. 

Reactions .— 1 . Heated with 1 mol. of sulphur 
phenyl-arsine sulphide is formed, with moro sul¬ 
phur, phenyl sulphide and As s S a .—2. Alcoholic 
NH 4 IIS reduces it on heating to benzene, As a S s , 
and As; III acts in a similar manner.—3. On 
oxidation it gives bcnzcne-arsonic acid.—4. Com¬ 
bines directly with halogens. 

Di-iodide. —Ph.AsI.AsI.Ph. Yellow needles. 
Very unstable. Prepared by reduction of phenyl- 
arsine iodide (which is formed by dissolving 
phenyl-arsine oxide in HI). 

Phenyl-arsine chloride PhAsCL (c. 253°), 
Obtained in theoretical quantity by beating AsCl. 
(800g.) with IIgPh 2 (70 g.). Colourless liquid with 
unpleasant odour; insol. water, sol. KOllAq. 

Phenyl-arsine tetra-chloride I’ll AsCl,. [45°]. 
Formed by passing Cl into the preceding at 0°. 
Yellow needles, fuming in moist air; readily 
decomposed into CL and P1 iAsC1 2 ; when heated 
at 150° it gives C, ( H S C1 and AsC1 3 . 

Phenyl-arsine bromido rhAsBr 2 . (285°). 
S.G. lr -2T0. Colourless liquid firmed by the 
action of cone. JIBr upon PliAsO. Gives with 
bromine AsBr 3 aml PhBr. 

Phenyl-arsine iodide PhAsI 2 . Oil. 

Phenyl-arsine oxide PhAsO. [120°]. Formed 
by treating PhAsCLwith Na.C0 3 . Crystals (from 
alcohol); smells like anise; insol. water; si. sol. 
cold, m. sol. hot, alcohol; slightly volatile with 
steam. Heated with HC1 it forms PhAsClj. 
Above its melting-point it decomposes thus: 

31’hAsO - AsPh ? + As . 0 ,. 

Phcnyl-arsinc oxy-chloride PbAsOClj. [100°]. 
Formed by decomposing the tetrachloride with 
the theoretical quantity of water; or by the union 
of chlorine with the oxide. Crystalline; dis¬ 
solved by water, being converted into benzene 
arsonic acid. At 120° it splits up thus: 

PhAsOCL, = PhCl + AsOCl. 
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Beiusene-arionie Mid C,H s AsO(OH) 2 . 
Formed by dissolving PhAsOl* or PhAsOOl, in 
water. Long columns; begins to soften at 138°, 
ohangjng to an amorphous anhydride, which 
is re-oonverted by water into the acid. M. sol. 
eold, v. sol. hot, water. 

Reactions.- 1. Not affected by reducing or 
oxidising agents.— 2 . Potash fusion produces 
phenol. 

Salts.- NH,HA": needles.-KHA": amor- 
phous.—BaHA"..: needles, v. sol. water.— 
CaH 2 A" 2 : needles.—CaA"2aq.—CuA": v. si. sol. 
water. -PI)A": insol. water. 

Totra-phenyl-di-arsenide As^CJI.),. Plienyl- 
cacodyl. [135°]. Formed by reduction of tetra- 
phcnyl-di-arsino oxide with phosphorous 
acid. White crystals. SI. sol. alcohol and 
other. It quickly oxidises in the air, forming 
di-plienyl-arsinic anhydride (Ph,As..0 3 ). 

Di-phenyl-arsine chloride PhAsCL Phenyl- 
cacodyl chloride. (333°). S.G. *£ 1*42. Pre¬ 
pared by heating HgPh 2 with a large excess of 
PhAsCL. at 320°. The product is then fraction¬ 
ally distilled. Yellow oil, insol. water, sol. alco¬ 
hol, ether, and benzene, si. sol. aqueous alkalis. 
Not affected by heating witli Na.CO.,. Combines 
with bromine and chlorine. Cone. HNO a slowly 
converts it into di-plienyl-arsinic acid. 

Di-phonyl-arsino trichloride PliAsCl 3 . 
[174°]. From the preceding andchlorino. Colour¬ 
less tables (from benzene). At 200° it decomposes 
thus: PhAsCL, = PhAsCL + PhCl. 

Di-phenyl-arsine chloro-bromido PhAsClBr 2 . 
Formed by passing dry bromine-vapour into 
PlijjAsCl. Excess of lir produces di-bromo- 
benzene. 

Tetra-phenyl-di-arsine oxide (PhAs) 2 0. [32°]. 
Formed by heating Ph.AsCl with alcoholic KOII. 

Di-phenyl-arsine bromide PhAsBr. (350°). 
From the oxide and 11 Hr. 

Di-phenyl-arsino oxy-chloride (PhAsCL,)..0. 
[117°]. From tho oxide and chlorine. j 

Di-phonyl-arsinic acid Ph.AssO.OlI. [174°]. 
S.G. 1-55. From the oxy-clilorido or Uni tri¬ 
chloride by the action of water. White needles; 
sol. water and alcohol, fit. sol. beer,coo and ether. 
Not attacked by O0 ;l or boiling cone. 11NO.,. 

Salts.—NaA'.—rXIl,A.': unstable feathery 
crystals.—BaA',,—CuA'.,.—HO.CuA'. — AgA'. — 
PbAV 

Tri-phenyl-arsine AsFli,. [fin 0 ], (above 3 G 0 5 ). 
S.G. l-iltlti. Prepared bv heating phenyl-arsino 
oxido at 200’, thus: SPliAsOsAsl’h., + As,0,. 
Moro readily By the action of sodium (50 g.) on 
AsCIj (54 g.) and chloro-bcnzeno (101 g.), diluted 
witli 4 vols. dry ether. Is also a by-product in 
preparing Ph-AsCl from PhAsCL and H gl’li-. Tri- 
clinic crystals isomorphous with SbPh 3 (Philips, 
B- 19, 1031). Insol. water and dilute acids, 

V. sol. hot alcohol, benzene, and ether. With 
HgCl it forms leallots of AsFh. ( HgCl.., whence 
aqueous KOII forms AsPh,(OH),, [108>], thus: 
AsPb 3 HgCI 3 + 2KOH=AsPh 3 (01I)., + 2KC1 + II g. 

Tri-phenyl-arsine chloride Ph.AsCL,. [171°]. 
From AsPlr.j and chlorine. Tables: decomposed 
at 280° into PKAsCl and PhCl. 

Tri-phenyl-arsine sulphide Ph,AsS. [162°]. 
Prepared by digesting Ph 3 As with S dissolved in 
CS 3 ; or by action of ammonium sulphide on 
PMsClr Silky needles, insol. water and ether. 


Tri-phenyl-arsine oxy-nitrate 
i' ! “ ! *3i)^s(0H)N0,. [84°]. Formed by adding 
HNO, to an aqueous solution of the hydroxide 
(C«H 5 ),As(OH) 2 (Philips, B. 19, 1033). Long 
glistoning needles. V. sol. alcohol, si. sol. water. 

Tri-nitro-tri-phenyl-arsine oxide 
(C„H,.N0J J A S (). [254°]. Formed by nitration 

oftri-plie,nyl-arsine-hydrato,(C.H 1 ) s As(OH) 2 ,with 
HN0 3 and H 2 SO,. Nearly colourless large crystals. 
V. sol. acetic acid, insol. alcohol and ether. 

Tri-amido-tri-phenyl-arsine (C 1 : H,.NH a ) 3 As. 
[c. 17G 1 ’]. F'ormed by reduction of tri-nitro-tri- 
plienyl-arsino oxide (C,H,.NO.,).,AsO with tin and 
HC1 in acetio acid solution (P.). Colourless 
crystalline solid. V. sol. alcohol and dilute 
acids, insol. water. 

Saits.—B"'iI 3 Cl 3 : crystalline solid, easily 
soluble in water and alcohol,—(B" , H 3 Ci 3 ) 3 (PtCl 1 ) a : 
yellow pp., insol. cold water. 

Tri-acetyl-derivative (CjH^NIlAcJjAs. 
[o. 230°]. Very sparingly soluble in alcohol, 
moro easily in acetic acid. 

Tri-p-ethoxy-tri-phenyl-arsine 
(EtO.C 6 H t ) 3 As. Tri-phenetyl -arsine. [89°]. 
F'ormed by the action of sodium upon a mixture 
of p-bromo-phenotol and AsCL (Michaelis a. 
Weitz, II. 20, 52). 

tri-;>-methoxy-tri-phenyl arsine 
(McO.C„II ) ).,As. Tri - anisyl - arsine. [150°]. 
Obtained by the action of sodium upon a mix¬ 
ture of p-bromo-anisol and AsCl, containing 
some acetio other. Transparent colourless 
crystals. V. sol. benzene, si. sol. alcohol and 
ether. Ilf splits it up into di-anisyl-arsine 
iodide (C u II 4 .OMe).AsI and anisol; by longer 
and higher heating anisol and Ask, are formed. 
By heating with an excess of AsCl, it 
yields unisyl-arsino chloride 0,H,(OMc).AsCl.. 
(Michaelis a. Weitz, B. 20, 48). 

IJi - /)-methoxy - di - phenyl - arsine chloride 
(C„H,.OMe).AsCl [1:4], Di-aniei/l-arsine chloride. 
(80’]. F'ormed by dissolving llio oxide in IIC1. 
Long thin needles. V. sol. other, less in alcohol. 

Di-mothoxy-di-phenyl-arsine oxido 
!(C„H,.0Me) 3 As| 3 0 [1:4]. Di - anisyl - arsine 
oxide. Tctra - anisyl-di-arsine oxide. [130°]. 
Crystalline. Formed by the action of alkalis on 
tho iodide which is obtained by heating tri- 
anisyI-arsine witli HI. 

jn-Methoxy-benzene-arsine chloride 
C, H ,(OMe)AsCL_, [1:4]. p-Anisyl-arsine chloride. 
(230° at 117 mm.). Colourless liquid. F’ormed 
by heating tri-anisyl-arsine (C e H 4 .OMo) 3 As with 
an excess of AsCL, at 200°. Alkalis yield tho 
oxide C fi H,(OMe).AsO, a colourless crystal- 
lino solid. It combines with CL, to form 
QjHjfOMeJAsCli which is a thick yellow liquid 
decomposed by water giving anisyl-arsinic acid 
C u H 4 (OMe). AsO(OH ).,. 

yi-Methoxy-benzene-arsonic acid 
(C (i H 4 .OMe).AsO(OH) 2 . Anisyl - arsinio acid. 
[100°]. Formed by the action of water upon 
the chloride C tt H 4 (OMe).AsCl 4 . Colourless crys¬ 
talline solid. Sol. hot, si. sol. cold, water; v. 
sol. alcolnl. On heating it gives the anhydride 
C 6 H,(0Mc).As0. 2 .—AgA": white pp. 

Phenyl-di-methyl-arsine PhABMo 2 . (200°), 
From ZnMo 2 and PhAsCL,. Mobile liquid, sol. 
alcohol and benzene, insol. water. 

Phenyl-tri-methyl-arsonium iodide 
PhAsMe a I. [244°]. From the preceding and 
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MeL White needles; sol, water and alcohol, 
insol. ether.—(PhA8Me,Cl) 2 PtCl 4 [219°]; v. sol. 
hot water. 

Di-phenyl-methyl-arsine PhAsMe. (306°). 
From Ph 2 AsCl and ZnMe 2 in benzene (Michaelis 
a. Link, A. 207,199). Insol. water. 

Di-phenyl-di-methyl-arsonium iodide 
PhjAsMooI. [190°]. From the preceding and 
Mel. Needles; si. sol. cold, v. sol. hot, water. 
Decomposed by heat into Mol and Ph.AsMe.— 
(PhjAsMeXl^PtCl, [219°J. 

Phenyl-di-ethyl arsine PhAsEt... (210°). 
From PhAsCL and ZnEL. Colourless liquid. 
Combines with Cl, forming PhAsKLCL. 

Phenyl-tri-ethyl-arsonium iodide PhAsF.tJ. 
[113°]. From the preceding and Ktl at 100°. 
Prisms, turned yellow by sunlight; sol. water 
and alcohol, insol. ether. Decomposed when 
’heated in an indifferent gas into Ktl and 
PhAsEt,. Gives with AgCl the chloride 
PhAsEt a Cl; whence (PhAsEt 3 Cl).PlCl,. Gives 
with Ag.O tlie hydroxide PhAsKt ;i 01I, an 
alkaline syrup, absorbing CO., from the air. 

Di-phenyl-othyl arsine Ph.AsEt. (320°). 
From Ph.AsCl and ZnEt,.. Colourless liquid. 

Di-phenyl-othyl-arsinc chloride PhnAsEtCL. 
[137°J. From the preceding and Cl. Needles 
(from benzene); fumes in the air; decomposed 
by water. 

Di - phenyl - di - ethyl - arsonium iodide 
PhjAsEtJ. [18 P]. From Pb-AsEt and Etf. 
Flat while needles. 

Di - phenyl -methyl - ethyl - arsonium iodide 
Ph.AsMeEtL [170°]. S. 1-1 at 15°; 81*1 at 
100 ’. Fiom Ph.AsMe and EtI or from PluAsEt 
and Mel. Trimetric prisms; insol. ether. 
Split up by heat into EtI and Ph.AsMe. 
Derivatives. —(Ph..AsMeEl).,PtCl i; . [214°1. 
Picrate Ph.AsMeKt.O.C u lL(N0 2 ) ;t . [95°]. 
Si. sol. cold water. 

Tolyl-arsine chloride C 7 TLAsCL. 

Ortho (2G5°). Para [31°].' _ (2G7°). 

From AsCl ;i and mercuric di-tolyl (o- or p-). 
Bromine converts them into di-bromo-toluenes. 
Tolyl-arsiue tetrachloride C ; n 7 AsCl ( . 
Tolyl-arsine oxide C 7 H AsO. 

Ortho [M5°], Para [15G 0 ]. 

From C.H.AsClg and aqueous Na.C0 3 . Com¬ 
bine with Cl., forming oxy-chlorides. 

Toluene arsonic acid ClI : ,.C li H,.AsO(OJI) ;! . 
Ortho [1G0°J. Tlio para compound decomposes 
above 300° without previous fusion. • 

From the tetrachloride or the oxychloride, 
C 7 H 7 AsOCl 2 , by treatment with water. The 
ortho acid forms a crystalline anhydride 
C 7 ILAsO..—A g,A". - BaA".--CaA'' (La Coste a. 
Michaelis, A. 201,255). 

Di-jp-tolyl-arsiiio . chloride (C-II.) AsCl. 
(c. 343°). From C.H.AsCl* and Hg(C ; H.).. 
Liquid; not affected by aqueous Na.C() 3 . 
Chlorine gives (CJI.) AsC1 3 . 

Tetra-p-tolyl-di-arsine* oxide ((C.II 7 ).As).0. 
[98°]. Silky needles (from ether). Obtained 
by boiling the preceding with alcoholic IvOIf. 

Di-p-tolyl-ai sinie acid (CJIJf.AsO.Olf. 
[1G7 0 ]. Formed by boiling (C.IL).JUC1 3 with 
water. Oxidised to ‘ diberizarsinic ’ acid. 

Tri-p-tolyl-arsino (C ; H 7 ) 3 As. [145 ~ J ]. Obtained 
by heating C.TLAsO. 

Tri-p-tolyl-arsine dichloride (C 7 H,) 3 AaCl 2 . 
[214°]. Not attacked by water. 

VoL. I. 


Ij-Carboxy-phenyl-arsine chloride 
COjjH.CgH^sCl,. [158°]. From the correspond¬ 
ing iodide and A^Cl; or from-the product 
(C0C1.0 fl H r AsCl 5 (?) of the action of PCI, upon 
CO.H.C 6 II,.AsO( 6 H ) 2 by treating with water, 
Needles (from benzene); decomposed by water. 

p-Carboxy-phenyl-arsine iodide 
CO..H.C 6 H 4 AsI.. [153°]. 

From CO,lI.C, i TI < .AsO(OH). by HI and P. 
Yellow needles (from chloroform). 

p Carboxy-phenyl-arsine hydroxide 
CO.1 f.CJl ,As(()H).» Benzar rnious <with From 
the preceding by heating with aqueous Nu : CO a . 
Colourless needles (from water). At 115 ’ 1G0’ 
it gives off H.,0 leaving the oxide 
C0..1l.C,M 1 As(). - Ca(C.ll (i AsO,).Aq: plates; 
changing at 200° into Cu(C 11 1 As0 3 ) 2 . — 
Ag0.1l,As0 3 . 

p-Carboxy-benzene arsonic acid 
CO.II.C 1 .H t As()(Oll)„. Benzaminic acid. Formed 
by oxidising toluene, arsonic acid with alkaline 
KMuOj. Transparent interlaced needles; in. 
sol. water, v. si. sol. alcohol. At 190'’ it becomes 
CO..H.C„II,AsO..; at 230° it gives olT benzoia 
acid. — Ag 3 A" 7 . - CaIIA"'aq. -- KH A"V — 
Mell.A"'. 

p-Di-carboxy-di-phenyl-arsine iodide 
(CO.H.CJI,).AsI. [above 2H0°]. From 
(CO.JI.C,II l ).AsO.OII, cone. Ill, and l*. Con¬ 
verted by aqueous Na.CO., into the hydroxide 
(CO.II.CJlJ.AsOH. (Uibcnzarsntiowi acid ).— 
CaA"2aq. 

p-Di-carboxy-di-phenyl-arsinic acid 
(CO.H.0,,11 ,).AsO.()lf. Dihnizarsinic acid . 

Fiirmod from (CJL) AsO.oll and ulkaline 
KMnO, at 00°. Leaflets, insol. water, b 1. sol. 
alcohol.—Me.HA"' [above 2S(V J ]. 

p-Tri-carboxy-tri-pheuyl-arsine 
(CO JT.C.Tl,) ; ,As. Tribcn::arsenious acid. From 
the following acid and J11. Small colourless 
needles.—Na : ,A'" 2aq.-Ag.,A'". 

p-Tri-carboxy-tri-phenyl-arsino liydroxide 
(C0.1I.C ( jlI,) 3 As(0H) 2 . Tribal varsinic acid. 
From tri-tolyl-arsino and alkaline KMn0 4 .— 
(CO.K.C u II,) ; ,AsO. 

Benzyl-amno chloride P1 iC1IAbC 1 2 . (175°) 
at 50mm. Formed by heating tri-benzyl-arsino 
with excess of AsCl.,. Easily oxidised by air; 
PhCHAsCl, + O = PliCII.Cl + AsOCl. 

Di-benzyl-arsinic acid (Ph.Cn.).AsO.OH 

[ 210 °]. 

Preparation. —Sodium [50 g.) acting upon a 
solution of benzyl chloride (J00g.) and AsCl a 
(72g.) in dry ether (500g.)contain["gueel jo ether 
(5g.) forms (PhCJI.,) : 1 As, (PhCfl.)AsCl.,, and 
(P]iCTL).,AsCI.,. Alcohol extracts the first, and 
converts the two latter into (PhCH 2 ).AsCI(OH ) 3 
and (l’hCIL).,AsCl(OH) respectively, and they 
are then converted by aqueous NaOH into 
(PhGJI ). As().()Xa atm (PhCH..) 3 AsO (Miohaelia 
a. Paetoff, A. 233, GO). 

Properties. — Pearly white plates (from al« 
cobol); attacks the mucous membrane; v. sol, 
hot alcohol, m. sol. hot water, si. sol. ether. 
When strongly heated it gives benzoic aldehyde 
and dibenzyl. 

Salt s.—BaA'., Raq.—CaA ' 2 Gaq.—Ag A'. 

Reactions. —1. Cone. HC1 forms AbC1 3 tolu¬ 
ene, and benzyl chloride.--2. Boiling dilute 
UNO, has no effect; HNO., of S.G. P3 forms a. 
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EENO, forms benzoic and arsenic acids.— 8. Com- 
lines with HC1 forming (PbCH^^AsC^OH), 
whioh crystallises from aqueous HOI in needles 
[328°]; this is decomposed by more water, 
giving (PhCH.J 2 AsO.OH again.—4. HBr forms 
(PhCH 2 ) 2 AsO(OH)HBr. 

Di-bonzyl-thio-arsinic acid (PhCn 2 ) 2 AsO.SH. 
[199°]. From di-benzyl-arsinic acid and H 2 S in 
alkaline solution. 

Tri-benzyl-arsine (PhCIL,) s As. [104°]. The 
preparation is described under di-benzyl-arsinic 
acid ( 0 . sup.). Monoclinic needles (from alcohol). 
Insol. water; v. sol. ether, benzene, and glacial 
acetic acid; si. sol. cold alcohol. Like AsMe.„ 
but unlike AsPli,, it combines with alkyl iodides. 
It is not affected by boiling cone. HC1. It com¬ 
bines with 8 and halogens. Boiling dilute HNO ;l 
forms benzoic and arsenic acids. An ethereal 
solution gives with an ethereal solution of 
HgCl* a pp. of (PhCIIJaAsHgCL [159°]. 

Tri-benzyl-arsine oxide (PhCH 2 ) 3 AsO. [220°]. 
From tri-benzyl-arsine chloride or oxychlorido 
by treatment with alkalis; or together with di- 
benzyl-arsinic acid by the action of wet ether 
upon tho product of the action of sodium upon 
benzyl chloride and AsC 1 3 . Prisma (from dilute 
alcohol); v. e. sol. alcohol, si. sol. water and 
ether. 

Tri-benzyl-arsine oxy-chloride 
(PhCIL);,AsCl(OH). [163°]. Formed by union 
of HC1 with the preceding. V. 0 . sol. aloohol; 
insol. dilute HC1. 

Tri-benzyl-arBine oxy-bromide 
(PhCH,) 3 AsBr(OII). [129°]. Tables (from alcohol). 

Tri-benzyl-arsine iodide (PhCH.) 3 AsI 2 . 
[c. 95°]. Formed in impure condition by action of 
aqueous III on the oxido. Converted by alcohol 
into the oxy-iodide, (PhCH,,) : ,AsI(OH) aq [78°]. 

Tri-benzyl-arsinc-oxy-nitrate 
(PhCH 2 ) ; ,As(N0 3 )(OH). [170°]. Slender needles 
(from alcohol). 

Tri-benzyl-arsine sulphide (PhCIL).,AsS. 
[214°]. Prisms (from glacial IIOAc). insol. 
alcohol and ether. 

Tri-benzyl-methyl-arsonium iodide 
(PhCH 2 ) 3 AsMoI. [143°]. From (PhCH 2 ) 3 Asand 
Mel at 100°. Slender needles (from water). 
Gives with moist Ag.,0 the alkaline hydroxide, 
(PhCH,,) a AsMe(OH). * 

Tri-benzyl-methyl-arsonium chloride 
(Ph0H 2 ) 3 AsMeCl. ( r 20i°]. — Platinochloride 
((PhCH,,) 3 AsMo) 2 rtCl tl . [173°]. 

Tri-benzyl-othyl-arsonium iodide 
(PhCH 2 ) s A sEti. l 148°J. White plates (from water). 

Tri-benzyl-propyl-arsonium iodide 
(PhCHJ. t AsPrI. [146°). The isomoride, 
(PhCH a ) s AsPrI melts at [143°]. 

Tri-benzyl-isoainyl-arsonium iodide 
(PhCH 2 ),As(C 4 H n )I. [146°]. 

Tetra-benzyl-arsonium chloride 
(PhCTL.) 4 AsCl. [1G0°J. From (PhCHJ.As and 
PhClLCl at 170°. Triclinio crystals containing 
aq (from water); insol. diiuto IIC1. Con¬ 
verted by aqueous KBr into tho bromide 
(PhCH 2 ) 4 AsBr, [173°J, and by aqueous KI into 
the iodide, (PhCH.,) 4 AsI, [168°J, which forms 
a periodide, (l'hCHJ.Asf,, [150°). Moist Ag.,0 
forms an alkalino hydroxide, split up by heat 
thus: (PhCJI.),AsOli-PhCH, f (PhCH..) 3 AsO. 

Platinochloride ((PliCHJ^B^PtCl,. 


Bi-naphthyl di-arienide G lt H r Aa:As.O 10 H t « 
Arseno-naphthalene. [221°]. Prepared bv heat¬ 
ing an alcoholic solution of naphthyl-arsine 
oxido with phosphorous acid IMichaelis a. 
Schulte, B. 15, 1954). Slender yellow needles; 
si. sol. alcohol, benzene, CS 2 and chloroform; 
insol. water and ether. Converted by Cl into 
C l 0 H 7 AsCl.„ With sulphur it gives C i 0 H 7 AsS. It is 
oxidised by HNO ;J to naphthalene arsonio aoid. 

Naphthyl-arsine chloride C I 0 H 7 AsCl 2 . [63°]. 
From mercury ui-naplithyl and AsCl 3 . Crystalline 
powder; insol. water, v. sol. alcohol. 

. Naphthyl-arsine oxide C ln H 7 AsO. [245°]. 

: From the preceding by treatment with aqueous 
i Na 2 C0 3 . Powder; si. sol. alcohol, ether, and 
i water. On dry distillation it gives C, As, and 
naphthalene. 

I Naphthalene arsonic acid C 10 II 7 AsO(OH) 2 . 

I [197°]. Needles. Formed by action of water 
I on C I 0 II.AsC 1 4 , which is obtained by treating 
| C, u II ; AsCL with chlorine (W. Kelbe, B. 11,1503). 
j ASAF(ETIDA. A gum-rosin obtained by drying 
the juice contained inthe root oiFcrulaasafoctida, 
i a Persian plant. Potash fusion gives resorcin 
; and protocateeliuic acid. Asafuetida contains 
i ferulic acid (<?.v.), but its odour is due to 3 p.o. 
j of an essential oil (135°-140°) which appears to 
be a mixture of C 12 IL 2 S and C 12 II, 2 S 2 . Its alco¬ 
holic solution is ppd. by HgCi 2 (Pelletier, Bull. 
Pharm. 3, 556; Johnston, P. M. Dec. 1838; 
j Hlasiwetz, A. 71, 23). 

ASARITE.—Impure asarono. 

ASARONE C,..H lu 0 3 . [59°J. (29G°). S.G. « 
1*195. Contained in tlio root of Asarum euro- 
preum. Needles or plates; v. sol. alcohol, ether, 
i and glacial HOAc, si. sol. hot water (Blanehot a. 

| Soil, A. G, 296; C. Schmidt, A. 53, 15G; Butle- 
row a. ltizza, B. 17, 1159 ; Bl. [2] 43,114; Po- 
1 lock, B. 17, 1415). 

ASCLEPIONE C,, 0 H 31 O 3 . [104°]. Extracted 
I by ether from the coaguium got by heating the 
milky juice of Asclcpias syriaca. Radiating 
crystals; insol. water and alcohol. Not attacked ' 
by boiling KOHAq (List, A. 69,125; Gram, C. C. 
1886, 735). 

ASEB0T0XIN. C. 60-5 p.c.; H. 7*4 p.c.; 
O. 32*1 p.c. [120°]. A glucosido extracted by 
water from tho leaves of Andromeda japonica. 
Brittle mass. The addition of cone. HC1 to its 
alcoholic solution gives a blue colour (Eijkman, 
It. 1, 224 ; Ph. [3] 13, 365). It is accompanied 
by a glucosido, asebotin C 21 H 2 h O I 2 , crystallising 
in yellow needles [147*5°) and also by asebo- 
qucrcetin C., 4 H 1 (J O n and asobofuscin C^H^O, 
(Eijkman, J. 1883, 1410; B. 2, 99, 200). 

ASH OF ORGANIC BODIES. 

The inorganic constituents contained in 
vegetable and animal -products are usually 
determined by incineration of the substance, 
and determination of the weight and composition 
of the a all. Tho first question to be considered 
is - Does this ash accurately represent the inor¬ 
ganic constituents of the substance? 
j Tho sulphuric acid originally present is un* 
j doubtodly but imperfectly represented. The 
i tendency to the reduction of sulphates to 
1 sulpirides during ignition with carbonaceous, 
and especially with nitrogenous, matter, is 
generally overborne by the oxidation of the 
sulphur contained in tho albuminoids. The 
sulphuric acid found in the ash is thus greater 
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tttn that originally present; it entirely fails, 
however, to represent the sulphur present in the 
original substance; this must be determined by a 
special experiment. 

The carbonic acid originally present in the 
substance is generally quite undiscoverable by 
an analysis of the ash. Carbonic acid may be 
lost by the decomposition of calcium and 
magnesium carbonates during ignition; or by 
the decomposition of carbonates by the action of 
silica, or of phosphates containing less than 
three equivalents of base. On the other hand 
carbonates are produced when tribasic alkali 
phosphates are ignited with carbon; thov are 
also formed in large quantity during the incinera¬ 
tion of organic substances containing nitrates, 
or salts of organic acids. Treatment of an ash 


Phosphorio acid may be lost if acid phos. 
phates are heated to a high temperature with oar- 
bonaceous matter. The alkali metals are also 
liable under some circumstances to suffer loss 
by volatilisation. 

The ash constituents are obtained with the 
smallest loss when the ignition is conducted at 
a low temperature, preferably in a mu file. In 
some cases an excess of lime or baryta must bo 
added to prevent losses of phosphorio acid and 
chlorine; this treatment also prevents the fusion 
of the ash (Strecker, A. 73, 300). 

1. Asu op Animals. —Tho proportion of ash 
in some of the principal parts and products of 
tho animal body, and its percentage composi¬ 
tion, are shown in the following table. The 
figures are taken from Wolff’s Aschen Analyse a 
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Number 

of 

Analyses 

Pure 
n>h in 
luu <lry 
sub¬ 
stance 

100 parts of puro ash contain 

K a O 

Na,0 

CaO 

Mg() 

t’o.O, 

r.o. 

SO, 

SiO, 

a 

Blood, human. 

4 

_ 

26*6 

24-1 

0*9 

0*5 

8*2 

8-8 

7*1 

_ 

30*7 

„ ox ... 

7 

3-77 

74i 

-450 

1*1 

0*6 

9*4 

S3 

3*1 

0*8 

34*4 

„ call . . 

2 

— 

11-2 

41*0 

1-8 

1-2 

8-3 

7'8 

1*3 

— 

34*7 

„ tdieep • • 

2 

— 

7-1 

45*0 

11 

00 

9*0 

5*5 

1*9 

— 

35*8 

it pig 

3 

4-29 

23-3 

29*4 

1-3 

1*4 

8-9 

12-2 

1*0 

— 

28-5 

„ horso . 

1 

— 

29'5 

21-2 

i*i 

0*6 

9*5 

8*4 

0-3 

— 

28*0 


8 

— 

37-1 

39-9 

1*0 

1-1 

9*0 

12*0 

3-3 

— 

32*0 

Flesh of mammalia 

8 

4-32 

7-0 

101 

2*4 

3*2 

0*4 

41*2 

1*0 

0*7 

4*7 

,, fowls. 

2 

— 

30-9 

18-7 

3*3 

4-2 

— 

30*4 

— 

_ 

8*1 

„ marine fish . 

Moat extract . . . 

1 

— 

21-8 

3 4*9 

15-2 

3*9 

— 

31*5 

— 

— 

11*4 

11 

20*89 

43-9 

12-8 

0*7 

3*1 

0*4 

29*8 

2-2 

0*9 

10*0 

Meat flour 

2 

1-80 

5*1 

3-0 

22* 1 

3*5 

13*3 

43*5 

1-2 

0*9 

1*8 

Bono of ox carcase . 

i 

— 

— 

- 

53*5 

1*0 

0*2 

40*3 

_ 

0*5 

_ 

Wool, unwashed • • 

3 

8-33 

79-4 

4-3 

21 

0-fi 

0*7 

1*0 

4*7 

2*9 

1*5 

„ washed. . • 

Colostrum, cow 

i 

111 

191 

2-7 

21*7 

0*0 

18*2 

3*2 

— 

25-3 

0*8 

i 

1*18* 

7-2 

5-7 

34-9 

21 

0*5 

41*4 

0*2 

_ 

11*8 

Milk, human . 

4 

0-49* 

33-8 

91 

16*7 

2-2 

0*2 

22*7 

1*0 

_ 

18*4 

„ cow 

9 

0-72 :< 

24 T 

6-1 

23-2 

20 

0*4 

28*0 

1*3 

— 

13*5 

„ ewo . 

2 

0-73* 

21-3 

3-8 

29-3 

0*1 

10 

35-8 

1*6 

2*0 

7*5 

„ mare • . 

i 

0'37* 

25*1 

3-4 

30*1 

3*0 

0*4 

31*9 

— 

— 

7 *S 

„ sow 

i 

1-05* 

02 

6-7 

39*2 

1-8 

0*9 

37*2 

1*3 

— 

9*3 

„ bitch . . 

2 

0-73* 

11-9 

5-K 

33*7 

1*6 

0*1 

37*2 

— 

_ 

13*1 

Whey, cow 

3 

0*51* 

30-8 

13-8 

19-3 

0*4 

0*6 

17*1 

2*7 

_ 

15*8 

Hen’s egg, without shell. 

3 

3-48 

17-4 

22-9 

10*9 

1*1 

0*4 

37*6 

0*3 

0*3 

9*0 

„ whito 

3 

4-01 

311 

.31*6 

2-8 

2-8 

0*6 

4*4 

2*1 

1*1 

28*8 

i, yolk 

3 

2-!)l 

^3 

8-9 

13*0 

2*1 

1*7 

65*5 

— 

0*9 

1*9 


* These numbers represent per cent, of pure ash in fresh substance. 


with ammonium carbonate, and re-ignition, is 
sometimes employed with the view of converting 
caustic lime and magnesia into carbonates. Such 
treatment converts shlphides and cyanides into 
carbonates; sulphate of calcium is also partially 
converted into carbonate if only a small propor¬ 
tion of alkali carbonate is present. Treatment 
with carbonic acid water ismoro free from objec¬ 
tion, but its action is slow. 

The chlorides found in an ash i^ay be below 
the truth from volatilisation of alkali chlorides, 
if too high a temperature has been employed ; or 
from loss of hydrochloric acid due to the action 
of organic acids produced during tho charring 
Of the organic matter; or from a similar action 
of silica, or dibasic phosphates, at a high tem¬ 
perature. 


(1880), with the exception of tho aualysig of 
bone ash, which is quoted from G. J. 24, 80. 
The bone-ash represents the mean coraposi* 
tion of all the carcase bones of tho 4 fat ox * 
i analysed at Rotha?: sted. In this analysis, 
j alkalis, and sulphuric and carbonic acids, were 
* not determined ; the whole amount of these con¬ 
stituents was, however, but 4*5 p.c. The ‘pure 
i ash ’ in WollT’s Tables is exclusive of Band, 

' charcoal, and carbonio acid. 

The amount of ash yielded by the entire 
bodies of the principal animals reared on the 
farm, and its composition, have been determined 
by Lawes and Gilbert (T. 1883. 8(55); they also 
1 separately analysed the ash of the carcase and 
j offal parts. The percentage composition of the 
I ash of the entire bodies of calf, ox, lamb, sheep, 
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imvtnm.—WuOta needle*, v.M wl* 

BL eol. not, aloohoL 

Reactions.— 1. Gives on oxidation benzoio 
Mid and tri-phenyl-carbinol.— 2. Heating with 
alcoholic KOH produces tri-phenyl-methane 
and benzoic acid (Zagumenny, Bl [2] 31, 330). 
8. Reduced by HI to s-totra-p’henyl-ethane (?). 

BENZPINACONE a u H.,0, i>. 
Ph a .C(01l).C(0H).Ph r Tetra - •phenyl - ethylene 
glycol. [168 3 ]. S. (benzene) 3*8 at 80°; S. 
(HOAc) 8*7 at 118 3 ; S. (95 p.c. alcuhol) 2*5 at 
80°. 

Formation. — From benzophenono by re¬ 
ducing the alcoholic solution with Zn and 
H a S0 4 (Linnemann, A. 133, 20) or u solution in 
acetio acid (10 pts.) diluted with water (2 pts.) 
with zinc (Zagumenny, J. 11. 12, 120). 

Properties. —Minute prisms, si. sol. boiling 
alcohol, v. sol. ether. On fusion it splits up into 
benzhydrol and Lcnzophenono (ThOrner a. 
Zincke, B. 10,1473). 

Reactions. —1. Chromic acid oxidises it to 
benzophcnonc.—2. Sodium amnl'ium reduces it 
to di-phcnyl-carbinol.- 3. Readily converted 
into (a) or (0) benzpiimeoline by dehydration; 
this is effected by BzCl, AcCl, dilute acids, or 
even by recrystallisation from alcohol (Za.).- 4. ' 
ACjO gives benzhydrol and benzophenoue. - 5. 
HI and P at 170° givo letra-phenyl-ethane 
(Graebe, B. 8, 1051). 

BENZ-URAMIDOXIM C S H„N T , i.e. 
C«H v C(NOH){NH.CO.NII,). [115-]. Formed by 
the action of potassium cyanate upon ben/.* 
araidoxim hydrochloride in cone, aqueous solu¬ 
tion (Falck, B. 19, I486). Long thin whito 
needles. V. sol. alcohol, ether, benzene, ami 
iigroin, si. sol. water. 

BENZ - URANILID0XIM C,,!!,,^, i.c. 
C,H y C(NOH).NPh.CO.NIL (?). Benz - phenyl- 
uratnidoxim. [167°]. Formed by the actum 
of potassium cyanato upon benzanilidoxim 
hydrochlorido in concentrated aqueous solution 
(MUller, B. 19, 1671). Yellowish needles. Sol. 
alcohol, ether, benzene, and chloroform, insol. 
water. 

BENZYL. The radicle phenyl-methyl, 
0 # H s .CH 2 . It is isomeric with methyl-phenyl 
or tolyl CH, C u H 4 . 

BIBENZYL v. s-Di-phenyIj-lthank. 

BENZYL-ACETAMIDE v. Acetyl -B r.szrfc-! 

AMINE. I 

BENZYL ACETATE C,H i .CH r O.CO.CII s . 1 
1206°). S.G. 1067. From benzyl alcohol 
(2 vols.), acetic acid (4 vols.) and R,S0 4 (1 vol.), 
or by boiling benzyl chloride with alcoholic 
KOAo (Cannizzaro, A. 88, 130). Formed also 
br boiling a mixture of benzoic aldehyde and 
glacial acetic acid with zinc-dusg(Tiemann, B. 
19, 355). Oil, smelling of pears. SodiumgA cl¬ 
ing upon benzyl acetate does not form benzyl 
oceto-acetato but the chief product is benzyl 
fi - phenyl propionate : 4CII,.Cu 2 C,H, + Na a =* 
2CH,CO-Na + yai^.CI^.COAH, f II., and by 
a secondary reaction, sodic phenyl-propionate, 
SOdic phenyl-acrylate, and toluene: 

2C J H..CH i .COAH T + Na ; ~ 

0,H,CH,.CO,Na+C.H..CH rCH.CO.Na + 20.11,011. 
(Conrad a. Hodgkinson, A. 193, 300). 

BEHZYL-ACETI0 ACID v. B-Peestl-phopi- 
Mild HOBO, 


Si-krtiyl-sf&t ;te 

(G,H l .OH,> I CH.CO t H. Di-phmyluobutyric atii 
[85°]. Obtained by saponifying tho other, by 
heating di-benzyl-malonio ether with aleoholie 
KOH (Lellmann a. Schleich, B. 20, 4391, or by 
heating di-bcnzvl-malonio acid (Bisonoff a. 
Siebert, A. 239,101). 

Properties.— Prisms (from Iigroin), si. sol 
cold water, v. sol. alcohol. Heated with soda- 
liraei it gives di-bcn/yl-metlmne. 

Salts.--Ag.V: triiuetric prisma, sol. boiling 
water (Michael a. Palmer, Am. 7, 70).—BaA' r - 
CftA'^q. 

Ethyl ether EtA'. (above 300 ). Formed, 
together with /3-phenyl-propionic ether by 
heating acetic ether with benzyl chloride and 
sodium (Lvdia Sesetnanu, B. 6,1086; Morz a. 
Width, B. 10, 759). 

BENZYL-ACET0-ACETIC ETHER , . p. 21 
BENZYL-ACETONE C.,11,.0 i.e. 

C tf H y Cll j.CTIj.CO.CH,. Methyl plunyletliyl he- 
tone. (236°). S.G. -989. 

Formation. —1. By the dry-distillation of a 
mixture of calcium hydrocinimmatoand calcium 
acetate; tho yield is 33 p.c. (Jackson, B. 14,890). 

2. From benzyl -aeeto-acetio ether by boiling 
with alcoholio KOH (Mhrlicli, A. 187, 15). 

Properties. —Oil. Combines with Null SO, 
forming C, e lI, v ONaHSO,aq. Oxidised by CrO, 
to acetic and benzoio acids. 

BENZYL-ACETONE 7 -CARB0XYLIC ACID 

V. ACKTYL-PIIKNYL-l'llOPlO.N'rC ACI1». 

Benzyl-acetone o-carboxylic-acid C, 4 If,.X> # 
i.e. Ct).dl.C tt II,.C1I 2 .CI{ 2 .C0.C1I,. (lll’-’J. Ob- 
tnined by boiling o-carboxy-bcnzyl aceto acelia 
ether with baryta-water (Billow, A. 236, 192). 
Slender needles (from water). 

BENZYL-ACETOXIM v. Acktoxim, ]). 38. 
BENZYL-ACETYL-SUCCINIC ETHER v, . 
ACKTYL-UFTzYL-KLCCINIC KTHKIt, ]). 39. 

y-BENZYL-DI-ACETYL-PYRROL v. Binzyl- 
PYnHYI.KNB-DI--.lKTHYL KKT-»NK. 

BENZYL ALCOHOL C H.O i.e. C u lI.Cll 2 .OI 
Mol. w. 108. (206-5°). S.G. • 1*0429 (Bruhl 
H. 4 at 17°. p,i 1*5518. It* 53*16. H.F. 38,73 
(Stohmann, J.pr. [2] 36, 4). 

Occurrence. — Balsam of Peru contains benzy 
benzoate, benzyl cinniumite and small quantitiei 
of benzyl alcohol (Kraut, A, 102, 129). Liquic 
KtoraxcontainBbeir'.ylcinnamttto^jHubonbeimer, 

A. 10'., 28b). Balsam of tolu contains benzyl 
’cinnumato and homo benzyl benzoate (Busse, 

B. 9, 830). In small quantity, together with 
benzoic aldehyde, prussic aacyl, and a resin 
in the volatile oil o5 cherry-laurel (Tilden, Ph, 
[3J 5, 761). 

Formation. 1. Toother with KOBz by the 
action of alcoholic Hoy on benzoio aldehyde 
(Cannizzaro, A. 88, 329). 2. From benzyl 
chloride by converting it into benzyl acetate by 
alcoholic KOAc, and boiling tho product with 
alcoholic K'Hl (Cannizzaro, A. 96, 216).—)• 

3. From benzyl chloride by heating with Mt/‘ 
aqueous solution of KjCO, (Meunier, Bl. 

38, 159); with water (10 pts.) and freshly ppd. : 
Pb(OH)j (3 pts.) (Lauth a. (irimaux.zl. 143,81) J j 
or merely with water (30 pts.) (Niederist, jU"$ 
196, 353).—4. From balsam of Peru by boiling ? 
with aqueous KOH (Kachler, J. pr. 107, 807).— 

6. By the action of sodium-umalg&m upon 
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btnzoio »Mahy&* (frW«l, J. 1863,363), benzole 
wld, bippoTio »oid (Hiennann, A. 183, 76; 
188 , 838 ), benzoyl chloride in presence of HC1 
(Lippmann, Bl. [3] 4, 249), or benzaaide 
(OuareBcln, 0. 4, 465). • 

Preparation .—10 pts. ol benzaldehyde are 
shaken in ft stoppered oylinder with a solution 
ol 9 pts. of KOli in G pts. ol water, and lefk to 
stand over-night, (Sufficient water ia then added 
to dissolve the potassium benzoate which has 


(eyttaphtkyl tthtr Q.H.O.CH^h. [99"). 
From (8)-naphthol (70s.), KOH (37 g.), a littl* 
water and aloohol, and benzyl chloride (70 g.). 
White plates (from alcohol). No smell. Not 
volatile with steam (Staedel, A. 217, 47). 

Other benzyl ethers are described under the 
hydroxylated compounds from which they are 
derived. 

BENZYL-o-AKIDO-ACETOPHESONE 

C„H,(NHC ; H,).CO.CH,. [81°]. Formed by heat- 


separated, and the solution is extracted with ing o-amido-acetnphenone with benzyl chloride 
ether; after evaporating the ether the residue (llacyer, B. 17,971). Large prisms. V. sol. 
is distilled; the yield is 92 p.c.ol the theoretical. : alcohol, ether, benzeno, chloroform und CS.„ si. 
Benzyl alcohol cannot be dried with CaCl, as it sol. ligroin. Weak base, 
combines with it (Meyer, B. 14,2891). Nitrosamine C tt H|(N(C,H,).NO)CO.CH, 

Properties .—Liquid with little odour, si. sol. (55°); long colourless needles. By heating with 
water, sol, alcohol and ether. H. ; SO ( it gives a mixture ol indigo and benzyl- 

ltwctums.-- 1. Oxidised by dilute UNO, or indigo, 
air and platinum black to benzoic aldehyde, and EENZYL-o-AMIDO-BENZOIC ACID 
by CrO, to benzoic acid. 2. Ill and 1' at 110° C.lLNH.C tl f [ ( .CO.H. [176° uncor.]. Formed to- 
reduco it to toluene (Oraebe, II. H, 1(151). - , getlier with its formyl derivative by oxidation ol 
;t. Alcoholic KOH forms toluene and benzoic benzyl-quinoline with alkaline KMnO,. Long 
acid (Cannizzaro, A. 99, 259). 4. Cone. ILSO„ needles or thick prisms* 
l’,0„ and ZnCl, form a resin (Cannizzaro, ,-i. 92, Salts C,,H„N0JIC1; (105° uncor.); large 
1181.- 5. 11.0, at 119 ’ forms di benzyl oxide tables.—(C ll IJ n NO..),H..Cl.,l > tCl,: (158° uncor.]; 
(C,H v CfI,).b. (i. Solid ajtutotjni chloride forms orange yellow tables. 

benzylcarlmmatoanddib«nzyl-uroa(Cnumz/ftro, 1 Formyl derivative C,HjN(CIIO).C„H v CO a H 
O. 1,83 ; ll.\ J, a 17). 7. Urea nitrate at 120° [19(1°]; largo colourless tables (Claus a. 


forms di-benzyl-uiva and benzoic aldehyde.; at 
140' it forms benzyl carbamate (Campisi a. 
Amato, (1. 1, .*19). 8. BC1, forma .v di phenyl- 
ethane and benzyl chloride (Counelor, It. 10, 
1055). 

Methyl ether CJ1..C1I ..OMe. (108°). From 
benzyl chloride, KOI!, and MeOII (Sintoms, .1. 
Ml, 9.11). Also from benzyl sulphide, methyl 
alcohol, and Mel ((labours, .1. Ch. j5j 10, 2.0. 

Fthyl ether (l 11 ll,.( , H ; .OI\t. (lives 

anthracene when heated with 1‘J^. Chlorine 
in the cold forms IiC’1, ethyl cltbfide, and 
0.11,0110; at a higher temperature it gives 
KtCl anil benzyl chloride. Chlorine in the cold 
in presence of I forms oh loro hr u zoic aldehydes 
ami Ktl (Sintenis, A. Ml, 991). Mr forms in 
the cob! HMr, KtBr, benzyl bromide, benzoic 
aldehyde, and Hz Hr (1‘aternd, //. 5. 288). 

Isobutyl ether (-.11,.(111..0.0,11.. (c. 210 3 ) 
(Claus a. Trainer, It. 19, 901)11). 

Vhenyl ether l , hO.C!f J Fh. 199']. (287°). 
From phenol-potassium, benzyl chloride and a 
littlo alcohol at 100’ with inverted condenser 
for 9 hours (StaHel, .1. 217, 4l;*Lauth a. 
Grinmux, A. 119. 8l; Sintenis, J. Ml, 997). 
Glittering white plates which fceJ greasy (from 
alcohol). Cone. ji<'4 at 100’ splits it up into 
phenol and benzyl chloral*. Chlorine in pre¬ 
sence of HgO forms the chloro-phen \ l ether, 
C.H,CH..O.C.H,Cl 171"]; bromine forms simi¬ 
larly (■.ll,.CH s .O.C.lI l lk [00 ;. 

o-Tolyl ether C.IM’II..O.CJI..CH, [1:2]. i 
Bau-yl o cr.syl oxide. ( 28 .V’ 290 ) (Staedel. B. 
14,899). I 

m* Toly l ether C.H r CH,.O.CUI..CU s [1:31. I 
t48°J. (300'~80.V v ). Satiny tablets. j 

p-Tolyl ether C.ll J .CH...O.C,H..CH, [1:4]. 


Glyekherr, U. 10, 1283). 

BENZYL-AMIDO 1 RI-PHENYL-METHANE 

I’hjC.NH.CIlPh. [110 ]. The hydrochlo- 
ride B'HCl [249°] is formed by the action of 
benzyl chloride on w-amido-tri-phenyl-methane 
(Klbs, If. 17, 703). 

Di-benzyl-amido-di-phenyl-methane 
l > h.CH i .C a ll,N(CIIi > h)... From aniline hydro¬ 
chloride ana benzyl clilurido at MU*. Also 
from acetanilide and benzyl chloride at 120*. 
While amorphous powder (Moldola, C. J . 
•11,^00). Soluble in benzene. Solutions have 
a blue lluoresccnco. 

BENZYLAMINE CJI„N i.e. C h H..CH,.NIL. 
Mol. w. 107. (181°). S.G. 14 *99. 

Formation. —1. Together with di- and tri- 
oenzylamine by heating benzyl chloride with 
alcoholic Nil, (Cannizzaro, A. 131, 128; Lim- 
pricht.yf. 114, 301).- 2. Together with di-and 
tri-benzylamine by the action of Zn and IIC1 
upon benzonitrilo (Mendius, A. 121,144; Spica, 
O. 10, 515). -3. By reducing thiobenzamide 
(JI..CSNH, with Zn and UC1 (Hofmann, B. 
1, 102).-—4. From benzyl cyanate and KOH 
(Strakosch, B. 5, (592).- 5. By saponification of 
its acetyl derivative, obtained by the action of 
acetamide on benzyl chloride (Iiudolph, B. 12, 
1297).- 6. By the action of bromine in alkaline 
solution on phenyl-acet-amidc C H^CIi^CONH*: 
the yield is 00 p.c. of the theoretical quan* 
tity (HufmannP if. 18, 2738; Hoogeworff a. 
Van ^orp, II. T. C. 5, 252).—7. Together with 
toluene, by energetic reduction of hydrobenz- 
amide dissolved in absolute alcohol by means of 
sodium or sodium-amalgam; very good yield 
(0. Fischer, B. 19, 748).—8. By reduction of an 
alcoholic solution of benzaldehyde-phenyl-hy- 


[41®]. From potassium p-cresol, a little alcohol, j drazide by means of sodium-amalgam and&cetia 
and benzyl chloride (Staedel, .4. 217,44). The j acid (Tafel, B. 19, 1928).-9. By reduction of 
yield is 8(» p.o. W liito.silky scales or transparent j benzaldoxim (6 pts.), dissolved in alcohol 


■ix-sided columns (from aloohol). Feels greasy. I (15 pts.), at 50^-60° with sodium-amalgam (160 
ipt-naphthyl ether. An oil, decomposed pts. of 24 p.o. Na), keeping acid by gradual 

i addition of acetioacid: good yield (Goldschmidt, 


by distillation. 
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and pig will be found below. The compost-*, 
tion in 1,000 partB of the fasted live weight*] 
of the animal body is also given. The latter j 
will afford data for calculating the loss which 
a farm suffers by sale of stock. The fasted live- 
weight is inclusive of contents of stomach and 
intestines, but the constituents of these con¬ 
tents are not reckoned among the animal con¬ 
stituents. The ‘ pure ash' is inclusive of 
carbonic acid. 

2. Ash or Plants. The composition of the 
ash of plants of agricultural importance will be 
given under the headings of the different crops, 
some general considerations will, however, be 
best made in the presont place. 


podictcea, and of silica by the Equisefacca and 
Qraminacea. 

The ash constituents which enter the circula¬ 
tion of the plant are (1) partly employed in the 
.formation of new tissue ; (2) partly deposited as 
^crusting matter on the older tissues; while (3) 
K bluble salts that are of no advantage to the 
P"ant first accumulate in the sap, and then are 
^ dually removed from the plant by the action • 
?, r *iin, and possibly by diffusion into tho soil 
,ro, igh tho roots. The ash constituents most 


target, 


ly consumed in tho formation of tissue are 


a * & and phosphoric acid; in all the actively 
groNvjr p artg 0 £ u plant potash and phosphoric 
ac,a Greatly preponderate. Magnesia, lime, 
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Na/J 
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Fat calf 



5-4 

3-8 

4-1-0 

2-2 

Half-fat ox . 



4-4 

3-1 

45-3 

2-0 

Fat ox 
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3-0 

4G-(> 

1*3 

Fat lamb . 



5-7 

3-0 
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Store sheep. 
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3-0 

43*1 
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Half-fat old sheep 
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3-4 

-14-4 
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Fat sheep . 




30 
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Very fat sheep 
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70 
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Fat pig 
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l-l 
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Composition of Animal Bodies, 
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l’at Ox. 

Vat 




Calf. 

Ox. 

Lamb. 

Contents of 

stomach 





and intestines, moist 

32-0 

82-0 

GO-O 

87.-0 

Water. 


. 

G.iOO 

3130 

433-0 

478-0 

Fat 



1180 

191-0 

301-0 

283-0 

Nitrogenous substance 

132-0 

1(10-0 

115-0 

123*0 

Crude ash . 
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0-G1 

0-72 
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0-11 

0-21 
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15-35 

18-110 

15-51 

11-20 

SO, . . 



Oil 

0-38 

0-33 

0-110 

SiO, . 



0-03 

013 

000 

0-12 

Cl . . 

**- 

. 

0-03 

0-30 

0’33 

0*33 

CO.. . 


• 

0-47 

0-87 

0-71 

013 


i 


17 -). 

SO, 

SiO, 

Cl 

(5-5 


40-1 

1-1 

0-1 

10 

o -« 


40*2 

0-9 

0-2 

1-2 


39-8 

0-8 

01 

1*5 

1 ? 


30*0 

1*2 

0-3 

1-9 


39-0 

1-8 

0-7 

23 


39*2 

1-1 

0-0 

1-6 

1*0 

1*0 


38*7 

1-0 

0-9 
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1-0 
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2-3 
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40*1 
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Very fat 
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GO-O 
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40-0 
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438*0 

2330 

4220 
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109*0 

137-0 
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81-7 

28*11 

29-0 

20*7 

1G-5 

30-G 

20-8 

28*G 

20-5 

10-3 

1 - G8 

1-48 

1-58 

1-90 

1-38 

1-01 

0-97 

1*29 

1-10 

0-73 

13-50 

11-84 

12-40 

10-79 

0-30 

0-52 

0-18 

0-55 

0-53 

0-32 

0*42 

0-34 

0-30 

0-22 

0-18 

11-09 

10-40 

11-08 

10-GG 

6-54 

\ 0*35 

0-31 

0-29 

0 53 

0-29 

■ 0-20 

0 ' 2G 

o-l G 

0-05 

003 


0-44 

0-GG 

0-57 

0-43 

_V 

0-41 

019 

0-21 

021 


The asli constituents of a plant are obtained 
from tho soil by tho roots. All matters in the 
soil which aro soluble and diffusible will enter 
the plant by tho root, the abundant evaporation 
of water from the surface of a growing plant 
maintaining a rise of liquid in the capillary 
vessels. The substances entering the plant are 
not, however, limited to those existing in solu¬ 
tion in tho soil, as tho roots of plants exorcise a 
solvont or digestive action on constituents of tho 
soil not otherwise soluble in water. Tho wide 
differences in the assimilating powers of the 
roots of different plants are well illustrated by 
the special assimilation of alumina by the Lyco- 


oxido of iron, nnc\j su ip} iur i c ac j f ] must a ] so ^ 
rcckonuil as esson.^* {or plant ' th . The 
mcruflingjish consi itllcn(g! f ro ca ^ inm salts and 
s.hca; these are p reeipitatC( , in tha 

leaves, where ovapo^^ mo ^ aotive . Tho 
soluble salts rema?.., j nnusC(1 ; th 

01 chlorides - 

A vigorous plant wiL, take {rom ft rioh a 
much Jargcr quant, y <, ash const;tu(fflt 
pecmlly of alkali salts, ti> lan is nocessary fo ; ita 
Krowth. For the same rea son a plant J ; 
on different soils may yield veI / di£fer( f nt ash * 
Thus a cover or bean pla^ t ^ ha ri „ h ^ 
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potash or lime according as one or the other 
preponderates in the soil. On the other hand 
plants dearly exercise a selective power, potash 
being stored up in large quantity, though soda 
rather than potash may be abundant in the 
Boil. This selective power is apparently not 
a property of the roots, but simply results from 
the fact that potash is removed from the sap to 
form tissue, while soda is not; potash salts can 
thus continue to enter tho roots by diffusion or 
otherwise, while sodium salts having accumulated 
in the sap tho tendency of diffusion is now for 
them to pass through the roots into the moist 
soil (seo Dch6rain, Gouts dc Cfilmic cujricolc 
[1873] 77). The ltothamsted experiments show 
that potash greatly preponderates in hay, and in 
barley straw, when the soil supplies a sufficient 
quantity; but when potash fails, soda is retained 
by the plant to a considerable extent. 

Tho variations in the composition of the ash 
of any plant do not extond to tho seed ; the ash 
of this is of very defmito composition whatever 
the nature of tho soil. Tho asli of a seed con¬ 
sists chieffy of potassium phosphate; soda is 
practically absent. 

While tho seed is forming, a migration of 
phosphoric acid and potash, and of nitrogenous 
matter and carbohydrates, sets in from all parts 
of the plant, the roots included; a great part 
of these important constituents is finally 
stored in the seed. The extent to which tho 
exhaustion of the plant, and the enrichment of 
the seed, proceeds, depends on the climate during 
the ripening period. R. W. 

ASPARAGINE 

C,H s N,0 ;t ?>. CO,H.CH,.CTI(NH,).CO.NH, or 
CON I L.C1L.CH(NlL).C0.1i. A mido-succinamic 
acid. M. w. 150 (containing aq) S.G. 1*52. S. 
o. 1*8 at 10’5°; 53 at 100°. Occurs in juice of 
most plants, especially in growing buds and 
germinating seeds (e.y. asparagus, marsh-mallow, 
comfrey, potatoes, deadly nightshade, chestnuts, 
liquorice root, lettuce, convolvulus root, dahlia 
tubers, young shoots of vetch, peas, beans, and 
other leguminous plants). Lupine seeds that 
havo not begun to grow contain no asparagine; 
after 15 days’ germination more than 20 p.c. of 
asparagino may bo extracted by water (Schulzo 
a. Barbieri, J. pr. [2] 27, 339). When twigs full 
of young leaf-buds of the plane, birch, or horse- 
chestnut are cut off and allowed to open by 
placing tho cut end in water, the leaves ri.ro 
found to contain asparagino (S. a. 11., J. pr. 133, 
145). Asparagino may he formed by adding 
cone, ammonia to mono-ethyl aspartate (tSchuul, 
A. 157, 24). 

Properties .—Trimetric prisms (containing aq) , 
exhibiting left-handed hemihedry. Bol. water, 
acids, and alkalis; ifisol. alcohol and ether. Its 
solution in water or alkalis is hevorotalory, in 
acids it is dextrorotatory. In IIC1 solution 
w,. = about + 3(5° ; in aqueous solution about 
—6°; in ammoniacal solution about —11°. 

Reactions.--1. Boiling with lime, or baryta - 
water, or with dilute 11 .S0 4 rapidly converts it 
into aspartic acid.—2. Nitrous acid forms malic 
acid. —3. Impure asparagine is liable to undergo 
fermentation, changing to ammonio succinate. 
4. Mel and KOH produce an amide of fumaric 
acid, CO.,H.CH:CH.CONH, (Michael a. Wing, 
Am. 6, 419; tiriess, B. 12, 2117> 


Salts. — HA'HCl. — (HA) a HCl. - CuA' r - 
CaA' 2 . — ZnA' 2 . — HA'HgCl*. — AgA'. — 
HA'(AgNO a ) 2 . - HA'C fl H,(NO.J s OH: yellow 
prisms (Smolka, Af. 6, 916). 

Estimation. —Heat the extract containing it 
with dilute HCI for some hours and determine 
the amount of NII 4 C1 formed. This corresponds 
to half the nitrogen in asparagino (Sachsse, 
J. pr. [2J 0, 118). Glutamine also splits off 
half its amidogon as ammonia when treated 
with IIC1. Or the. extract may be treated with 
bromine and NaOlf (measuring evolved N.J both 
before and after heating with HCI (Saohsse). 
But asparagine gives off too much N a when so 
treated (Morgen, Fr. 20, 37). It even gives off a 
little N 2 when treated with NaBrO be fore heating 
with HCI. Thcso two errors nearly balance 
one another (E. Schulze, J. pr. [2] 31, 235). 
Solutions of sodic aspartate give off no N 2 with 
NaBrO, but if NH S be present more N a is evolved 
than corresponds to tho NII a . Tho increase 
may be 0 p.c. Leucine behaves in the samo way 
as asparagine, but tyrosine behaves in exactly 
tho opposito manner. Urea has tho samo in- 
lluenco as NIL,. It is therefore better to de¬ 
termine the free NIL, by distilling with MgO, CaO 
or even NaOII (comp. Berthclot a. Andr6, 
C. R. 103, 1051). Tho presence of peptones 
will, of course, invalidate tho determination, 
these are often absent from vegotablo solutions; 
if present they must bo removed; albuminoids 
may bo ppd. by lead salts, peptones by tannin or 
phosphotungstic aeid (E. Schullze, l.c.). 

Dextro-asparagine 

C a II a (NH.,)(CO a II).CO.NH a . Dcxtro-hcmihedral 
crystals. Dextrorotatory [a]„= + 6°41'. Very sweet 
taste (ordinary asparagine is tasteless). Rather 
more soluble in water than ordinary asparagine. 
Occurs in the mother-liquors obtained in re- 
crystallising tho crudo asparagino prepared 
from tho shoots of tho vetch; 20 kilos of crude 
asparagine, obtained from 0500 kilos, of vetch 
gave 100 grms. of tho pure dextro-asparagine. 

The compounds prepared from dextro- 
asparagine exhibit tho same properties as those 
prepared from tho lmvo-asparagino except that 
their rotatory power is reversed. By heating 
with 2 mols. of aqueous 1IC1 at 170°-180° both 
asparagines give the samo inactivo aspartio 
acid (Piutti, C. R. 103, 134; B. 19,1091). 

Additional References. —Vauquclin a. Robi- 
quot, A. Gh. 57, 88; Dessaignes, A. 82, 237; 
l’iria, A. Gh. [3] 22, 100; Pasteur, A. Gh. [3] 
31,70; Mercadantc, G.5,187 ; Portes, B. 9,1934; 
Dubrunfaut, J. pr. 53, 508 ;-CIorup-Besanez, A. 
125,291; Champion a. Pellet, B. 9,721; Becker, 
B. 14,1031; Do Luca a.Ubaldini, G.li. 59, 527; 
Buchner, r A. 1802, 117 ; Campani, 'A. [2] 6, 87; 
E. Schulze, B. 15, 2855; J. pr. [2] 20, 397; 27, 
339. 

ASPARTIC ACID C,ir 7 N0 4 i.e. 
CO.,H.CH a .CH(N 1 I a ).('O a lf. Amulo-succinic acid. 
Mol. w. 133. S.G. 'll* 1-00. 8. *45 at 20°; 5*4 
100 °. 

Formation. —1. By boiling nsparagine with 
lime, baryta, PbO, KOII, or IIC1 dissolved in 
water.—2. By boiling albumen or casein with 
dilute n a S0 4 (Krcussler, J. pr. 107, 239; Ritt- 
hausen, J. pr. 107, 218).—3. By treating pro- 
teids with bromine (Illasiwetz a. Habermann, 
A. 159, 325).—4. From casein by treatment 
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with SnOl, and HCI (H. a. H., A. 160,162).—6. 
From diazo-BUodnio ether by reduction with 
sine dust and acetic acid (Curtius a. Koch, B. 
19, 2460). 

Preparation : 100 grmB. of asparagine are 
boiled for 2 or 3 hours with an inverted con¬ 
denser with 408 c.c. of pure aqueous hydrie 
chloride (containing*11925 g.nCl per c.c.). To the 
cooled solution is then added 201 c.c. of aqueous 
NH, (corresponding to tb e acid vol ume for vol tin le). 
On standing for several hours the aspartic 
acid separates in colourless crystals. The yield 
is 90 p.c. of the theoretical (Schiff, B. 17, 2929). 

Properties. -Small trimolric rectangular 
plates. HI. sol. water, insol. alcohol. Its solu¬ 
tions in alkalis are bevorolatory; its solution 
in HClAq is dextrorotatory, [o] 0 = + 28°. The 
rotation is affected by the nature of the solution 
(Becker, B. 14, 1036). Aspartic acid (1 mol.) 
prevents the ppn. of Cu(01I) 2 (l mol.) by KOIi. 

Reactions. —1. Nitrous add converts it into 
>mlic acid.—2. Mel and KOJI form fumaric 
acid (Komera. Menozzi, R. Is tit. Lombard. 13, 
352).—3. Not affected by boiling water or by 
magnesia.— 4. Heating in a current of HCI at 
130° 200° produces two anhydrides: (a) 
insoluble in water (C S oK.„N h O, 7 ), (b) slightly 
solublo in water (C„.H ll N.,0„). Both aro con¬ 
verted by boiling baryta into aspartic acid ; but 
when the former is licatcd for 2 hours at 125° 
with half its weight of urea it produces a gummy 
mass, solublo in water forming a solution that 
has all the characters of a proteid. It is ppd. 
by acids, by NaCl, MgS0 4 , tannin, and IlgCL 
forming gelatinous pps. CuSO, and KOH give 
a violet solution (Grimaux, C. R. 93, 771). 

Salts. 1I.A'HCI: deliquescent crystals.— 
H. i A"IL.S() 1 .- NaHA" aq: trimetric prisms; S. 
89 at 12°.—Ball.A”.,4aq.—BaA"3aq.—CaA''4aq 
— HgA". — PbiljjA"... — TbA". — AgUA". - 
Ag.,A".—CuA" 4'.aq. S. -035 at 15°; *43 at 106° ; 
v. sol. dilute IIOAc. The insolubility of this salt 
may be used to detect and to isolate aspartic 
acid (Iloffmoister, Sit 2 . B. 75, 4GO). —CuA." 3aq 
(Curtius a. Koch, B. 19, 2460). 

Mono-cthyl ether A^Etll. Its hydro¬ 
chloride {A'TlEtJJICl forms huge colourless 
needles, [199°J. 

Di-ethyl ether A"Kt... Its hydrochloride 
A"Etj,HCl forms excessively hygroscopic con¬ 
centric needles. 

Di-methyl ether A"Mc\.. Its hydro- 
chlorido A"Mo_,IICl forms very hygroscopic 
glistening prisms (Curtius a. Koch, i?.*18,1293). 

Amide v. Aspauaoine. 

Di-ph e ni/1 - a m i de 

CO,H.C,H,NlL.CONrh,. [230°]. Formed, toge¬ 
ther with phthalimide, by the action of N1I 3 on 
the diphenylamide of phthalyl-amido-succinic 
acid CO a H.C 2 Ii 3 N(CAXC^LIJ.CONPh* (Piutti, O. 

16, 14). 

Inactive aspartic acid CJI.NO,. S. -42 at 7°. 

Formation. —1. By the action of boiling HCI 
<ra the product obtained by heating the acid 
ammonium salts of malic, maleic or fumaric 
acid.—2. By heating an aqueous solution of the 
hydrochloride of activo aspartic acid for several 
hourB at 170° (Michael a. Wing, B. 17, 2984; 
Am. 7, 278). 

Properties. -Monoolinio needles. Converted 
by nitrous acid into inactive malic acid. 


Sa lt9.^bk^-I#A’\--'E t A!'UCL 

Lfflvo-aspartic acid u 4 H 7 N0 4 . Obtained from 
dextro-asparagine by treatment with HCI 
(Piutti, B. 19,1693). Lrovorotatory. Its proper* 

1 ties are the same as those of the dextrorotatory 
{ acid. Combines with dextro-acid to form an 
I inactive modification. 

Additional References.-— Plisson, A. Ch. 40, 
303; 45, 315; Boutron-Chauturd a. Pelouze, 
A. Ch. 52, 90; Liebig, P. 31, 232; A. 26, 125, 
161; Wolff, A 75, 293; Piria, A. Ch. [B] 22, 1G0; 
Dessaignes, C. R. 30, 324; 31, 432; A. 83, 83; 
J. PA. [3] 32, 49; Pasteur, A. Ch. [31 34, 30; 
A. 82, 324 ; Pott, J. pr. [2] 6, 91; liadziszewski 
a.Salkowslci, P.7,1050 ; ltitthausen a. Krnussler, 
J.pr. [2] 3, 311; Scheiblcr, J. Ph. [4J 4, 152 • 

| B. 2, 296; Kreussler, Z. [2J 6, 93. 

ASPHALT. A natural product of the de¬ 
composition of vegetable substances. It is found 
oil the shores of the Dead Sea, also in a molten . 
state in Trinidad, and as a mineral deposit at 
Seyssol. It frequently impregnates other rocks. 
When distilled with water, petrolene Co 0 H s3 
(280°), S.G. =- *89, V.D. 9*5, passes over (Bous- 
singault, A. Ch. [2] 64,141; Yoelekcl, A. 87, 139). 

ASPID0SAMINE C,,1I, (( N,0., [c. 100°]. In 
quebracho bark (Ilesso, A. 211, 203). Turns 
yellow in air. V. e. sol. ether, chloroform, 
benzene or alcohol, v. si. sol. light petroleum, 
insol. water. Its alcoholic solution turns 
litmus blue, neutralises HCI and tastes bitter. 

Reactions. —1. Solution of hydrochloride gives 
with Fc._,Cl u a brownish-rod colour.—2. Cone. 
II,.S0 4 gives a bluish solution.—3. Cone. H,B0 4 
and MoO., gives a blue liquid. —4. Cone. I1.S0 4 
and K 2 Cr..() 7 gives a dark blue colour.—5. Boiling 
aqueous HC10 4 gives a magenta colour. 

Platinochloride. B'.JLPtCl,, 3aq. 

ASPIDOSPERMATINE cJl, s N,0.. [162°]. 
In quebracho bark (Hesse, A. 21 l, 259). Crystal¬ 
line. Y. sol. chloroform, alcohol, or ether. In 
alcohol (97 p.c.) it turns litmus blue, has a 
i bit ter taste, and is bevorolatory [a] u - — 72 - 3° at 
15° in a 2 p.c. solution. 

! Reactions. - 1. HC10 4 gives a magenta colour. 

2. Cone. H. : SO, and KXJr./lj givo no colour.— 

3. FoXl,. gives no colour. 

Sal ts.—Dilute HCI is neutralised by aspido* 
spormatino. NaOH or Nil., give in the solution 
a Uoeoulent pp. (m. sol. pure water) which soon 
becomes crystalline. Saits are amorphous.— 
(i;'JiCl),PtCl 4 4aq. 

ASPID0S PERMINE C,,H 30 N,O,. [206°J 

[a],, (alcohol) —100*2°; (chloroform) —83-6°; 
(dilute HCI) —62° (in all cases 2 p.c. solution at 
15°). S. (alcohol) 2 at 14°; (ether) *71 at 14° 
(Wulfsborg, Ph. [3] 11, 269). An alkaloid 
; present (witli others) in 'bark called in the 
j Argentine Republic quebracho bianco or 
i quebracho, Colorado (Fraude, B. 11,2189; 

| Hesse, A. 211,251; Anita, C. J. 40,022). 

: Needles or pointed prisms (from alcohol or light 
! petroleum). M. sol. alcohol, si. sol. ether or 
light petro^um, v. sol. benzene or chloroform. 
Lievorotatory. 

Reactions. —1. HCI and PtCl 4 give a blue 
pp.—2. RC10 4 gives a magenta colour.—3. Cono. 
II^S0 4 no colour.— 4. Cono. K.S0 4 and MoO, no 
colour.—5. Cone. ILS0 4 and K 3 Cr 3 0 7 , a brownish* 
red turning dark green.—6. Salts give with 
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NH S , NaOH, Na.00,, or NaHCO,, a white 
flocculent pp. becoming crystalline. 

Salts.—Very unstable; even ether or CHCl g 
can partly decompose them.—B'^PtCl,, 4aq. 

ASSAMAR. A name given by Beichenbach 
{A. 49, 3) to a bitter, deliquescent, transparent 
yellow solid which may be extracted by alcohol 
from toasted bread. It is insol. ether. The 
same name was given by Volckel (A. 85, 74) to 
a thick yellow neutral syrup obtained from the 
aquoous portion of the product of the distilla¬ 
tion of cane-sugar. It is sol. ether. Both sub¬ 
stances reduce aqueous AgNO s . 

ASYMMETRIC CARBON. A name applied 
to an atom of carbon that is united to four : 
different atoms or radicles. All compounds that 
in the liquid state or in solution rotate light 
contain asymmetric carbon (Van ’t Hoff, La 
chimie dans l'espace ; Le Bel, Bl. [2] 22, 337). I 

ATHAMANTA, OIL OF. C 10 ll lo . (103°). I 
S.G\ *84. An essential oil obtained from the j 
leaves of Athamanta oreoselinum. It forms a 
liquid compound with IICl (190°) (Schneder- I 
mann a. Winckler, A. 51, 33G). 

ATHAMANIIN C„1I : „,0 ; . [79°J. In the 

root and seeds of Athamanta oreosclinnm. 
Fibrous, silky crystals, or sometimes rectangular 
prisms; insol. water, v. sol. alcohol and ether. 
It gives valeric acid on dry distillation. Aqueous 
acids and alkalis split it up into valeric acid and 
oreosclonc 0,,11,-X),. Cltloro-, and Iri-nitro-, 
atlmmantin are amorphous (Schnedermaun, -1. i 
Cl, 315 ; Gevgrr, A. Ill), 359). 

ATHEROS?ERMINE [128']. An alkaloid 
in the hark of Allwrosperma moschahnn. A 
greyish-white powder with bitter taste. V. si. i 
sol. water, m. sol. alcohol, si. sol. ether. The 
solution of its hydrochloride gives pps. with 
phospliomolyhdie acid, picric acid, tannin, and 
PtCl,. It 1 iberales iodine from iodic acid (Zeyer, 

1861, 709). 

ATMOSPHERE. The word A tniosjdiere 
(arfxd s, vapour; cr<pa?f>a, a globe) in its most ex¬ 
tended sense signifies the gaseous envelope which 
surrounds any liquid or solid body: more com¬ 
monly, however, it is taken to mean the invisible 
elastic fluid which surrounds the earth. A variety 
of phenomena, c.<j. solar and terrestrial radiation, 
animal and vegetable life, weather, tho dis¬ 
integration of rocks and the formation of 
soils, tho propagation of sound, Ac., an*, de¬ 
pendent on the existence of a terrestrial atmo¬ 
sphere. Tho earth is not tho only planetary 
body which possesses an atmosphere. The Sun, 
Jupiter, Mars, Saturn, have doubtless very 
dense atmospheres, but as yet we have no j 
exact knowledge of their physical and chemical I 
natures. j 

The phenomena'of solar eclipses, and the 
facts that a single star seems to disappear 
instantly when it is occulted opposite Jhe smooth 
part of the moon’s limb, and that there is no 
change of colour or other effect such as a re¬ 
fractive atmosphere would occasion, make it 
certain that tho moon’s atmosphere if it exists 
at all, must be of extreme tenuity. This eon- \ 
elusion is strengthened by evidence afforded by 
the spectroscope. It has been observed that j 
tho spectrum of the moon’s light is identical 
with the solar spectrum and there is no trace of I 
any; absorptive action ; moreover, it is found that 


tbe spectrum of a star during iti oooultatioa 
disappears as suddenly as the star itself. 

Wollaston’s arguments .as to the finite ex¬ 
tent of the terrestrial atmosphere were deemed 
inconclusive even by his contemporaries. There 
is indeed direct evidence for tho belief that air 
is present in a state of sensible density at much 
greater heights than 40 or 45 miles which was 
the limit Wollaston assigned. Liais, from ob¬ 
servations on tho phenomena of sunlight at Bio 
Janeiro,arrived at a superior limit of 200 miles; 
and Seeelii, from observations on luminous 
meteors, calculated that air exists of appreciable 
density even at a height of 200 kilometres above 
the earth’s surface. It is in fact probable that 
no actual limit exists. Up to the. present it has 
been impossible to arrive at direct results other¬ 
wise than by astronomical observations, as the 
law of the; diminution of temperature which in 
great measure governs tho extent of tho repul¬ 
sion among gaseous particles is unknown for 
the upper strata of the atmosphere. No argu¬ 
ments can be based on the finite expansibility 
of gases. Faraday’s experiments on the limits 
of vaporisation of mercury have been contro¬ 
verted by Mcrget. It is obvious that tho relative 
distribution of tho mass of tho air will be 
modi tied by tho increase of attraction at the 
poles us compared with that at tho equator ; by 
the increase of temperature as wo approach tho 
torrid zone; and by the earth’s motion. 

The ponderability of uir although suspected 
before the time of Aristotle was first conclusively 
demonstrated by Galileo, who found that a 
copper ball containing condensed air woighed 
more than when filled with air of ordinary 
tension. Tho weight of 1 litre of air, freed from 
aqueous vapour, carbonic acid, and ammonia, at 
, 0 C., and under a pressure of 0*70 m. of mercury, 
j at Paris (lat. 48° 50'), and at a height of 60 m. 
j above the sea level, was found by Begnault to 
| bo I-293187 grams. According to Begnault 
| 1 litre of oxygen at the normal temperature and 
’ pressure weighs 1*429802 grams; 1 litre of nitro- 
g< ii under the same conditions weighs 1*256167 
grams. If x be tho volume of oxygen contained 
I in 1 litre of air, and 1-x that of tho nitrogen, 
j then 1*42981)2* -t- (1 - x) 1-250167 - 1-293187, 
j whence *-0*2132 or in per cents. 21*32, which 
j is considerably higher than that found by eudio- 
! metric analysis. According to Magnus 1 litre 
j of pure air at 0° and *76 m. weighs at Berlin 
| (lat. 52° 36') 1*29306 grams. Pli. v. Jolly found 
that at Munich (lat. 48° 8', 515 in. above the 
sea’s level) 1 litro of oxygn*- at 0 ’ and *76 m. 
weighed 1*429094 grams; and 1 litre of nitrogen 
under the same conditions weighed 1*257614 
grams. Reducing these numbers to the lat. of 
Paris and to a height of GO m. above the sea’s 
level, they become: 

Jolly RcRnault 

Oxygen . 1-429388 1-429802 

Nitrogen . 1-257878 1-250167 

The Bureau Intcrnat. des Fouls et Mesurei 
mloiita {or the weight of 1 litro ot dry air unde* 
a normal barometric height of 1 mm. and at tho 
normal temperature r 

„ . 1-293052 1 

1 + 0-00307 760 

on the assumption that the air contains -0001 
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parts of oarbonio aoid, and that *00367 is the 
coefficient of expansion of air at constant pres¬ 
sure for a normal degree. 

This expression is obviously only true for a 
particular ratio of oxygen and nitrogon. The 
composition of the air varies sufficiently to 
affect its value at different times (Ph. v. Jolly, 
W. 6, 520). 

Tho pressure exerted by the atmosphero upon 
the oarth’s surface, at the sea’s level or upon 
any substance at that level, may bo expressed 
by saying that it is equivalent to a barometric 
column about 70 centimetres (29*92 inches) 
high. Now at ordinary temperatures 1 c.c. of 
mercury weighs 13*58 grams. If we suppose 
that tho base of the mercurial column is 
X sq. centimetre it follows that tho weight 
of the counterbalancing atmospheric column is 
76x13*58 = 1032 grams. This is equivalent to 
14*73 lbs. upon a sq. inch. It can bo readily 
calculated that tho total weight of tho atmo¬ 
sphero of this average pressure is about 11§ 
trillions of pounds, or 54 trillion kilos. Allow¬ 
ing for the space occupied by the land above 
tho soa’s level, the mass of the atmosphere may 
bo takon as part of that of tho earth 

(Horschel). 

Tho heights of the counterbalancing columns 
of air and mercury will of course bo in tho 
same ratio as the weights of equal volumes 
if it be assumed that tho air is of uniform 
tension throughout. Tho height of this homo¬ 
geneous atmosphero is between live and six ; 
miles : it was first calculated by Robert Iioyle 
to disprove tho conjectures of Kepler and 
others that tho air could not extend beyond a ; 
couple of miles or so from tho earth’s surface. I 

As the air is an elastic fluid it follows from | 
Boyle’s law that its pressure must diminish as 
wo ascend; lienee the mercurial column stands 
lower on a mountain top than in tho valley 
below. Tho fact that the barometric column is 
less on tho top of an elevation than at the 
bottom was first noticed in 1043 by Claudir 
Bereguardi from observations on tho tower of 
Pisa—that is, live years before Fcrrier made 
his famous experiments on tins Puy-de-Domc. 
The relation between tho pressure and density 
of the air at different altitudes may be seen 
from the following table:— 


Metres above 
ee» level 

Buia of air 

Density 

Barometer 

mm. 

0 

1 ooV. metro 

i- 

700 

5,520 

2 

0-5 

380 

11,040 


0-25 

190 

10,560 

8 

0*125 

95 

22,080 

10 

0*01525 

47-5 

27,000 

32 „ 

00212 

238 


A pressure equivalent to the average pres¬ 
sure of tho atmosphere at tho level of the sea 
is frequently adopted by engineers and others 
as a unit of pressure and is styled an atmo¬ 
sphere. In this country an atmosphero is the 
pressure equal to 29*905 inches of mercury at 
82 0 l'\ at London, and is about 14*73 lbs. on tho 
sq. inch. In the metric system it is the pres¬ 
sure of 700 mm. (*20*022 inches) of mercury at 
0°C at Paris, and is equal to 1*033 kilos on a 


sq. centimetre. Hence the English ‘ atrao* 
sphere ’ is 0*99968 that of the metric system. 

That the mercury in the Torricellian tube, or 
barometer as it was termed by Boyle, is constantly 
varying in height even at the same place, and 
that these variations are due to tho fluctuating 
pressure of the atmosphere, appears to have 
been first clearly recognised by Descartes and 
by Boyle in 1C58. It is, however, only within 
the last few years that we have acquired any 
very definite information respecting the dis¬ 
tribution of tho mass of the atmosphere over tho 
earth. Tho pressure of the air at any given 
spot depends upon its relative position on tho 
earth’s surface: at this spot it varies also with 
the season of tho year and the hour of the day. 
According to Buchan, whoso isobaric cliarts are 
really the foundation of our exact knowledge of 
tho subject, there are two broad belts of high 
pressure passing completely round tho globe, 
ono to tho north and the other to the south of 
tho equator. Tho southern belt of high pres¬ 
sure is nearly parallel to the equator; but 
the northern belt is more irregular in outline in 
consequence of the unequal distribution of land 
and water in the northern hemisphere. Between 
them is tho low pressure of tho tropical regions, 
through the centre of which is a narrow belt of 
still lower pressure towards which the north 
and south trades blow. A region of low* pressure 
exists also round each pole; that round tho north 
polo having two distinct centres, ono in the north 
Atlantic, the other in the Pacific: at each of 
these tho diminution of pressure is much below 
tho average of tho north polar depression. As 
regards tho seasons, it is found that in January 
the highest pressures are over the continents of 
tho northern hemisphere, and tho lowest pres¬ 
sures aro over the northern portions of the 
Atlantic and Pacific, S. America and S. Africa, 
and the Antarctic Ocean. The maximum mean 
pressure at this time is found in Central Asia 
where it is 30*4 inches, the minimum is in tho 
; N. Atlantic and round Iceland, where it is only 
29*34 inches. The area of high pressure passes 
westwards through central and southern Europe, 
over tho N. Atlantic between the parallels of 
5° and 45°, across N. America (except to the 
North and North West), and over some portion 
of tho Pacific. In July tho mean pressure of 
Central Asia is only 29*408 inches or one inch 
Ipsa than in January. Tho lowest pressures of 
the western hemisphere are now to bo found 
over the continents, whilst tho highest are over 
tho ocean between 50° N. lat. and 60° S. lat. 
Pressures aro also higher at this time over 
S. Africa and Australia. 

Speaking generally, atmospheric pressure is 
more regular throughout tho year over the 
ocean than over the land. To the westward of 
each continent there is at all seasons an area of 
higher pressure over the ocean than over the 
land, in amount varying from 0*1 to 0*3 inch. 
These regions of high pressure extend over 
about 30° of longitude and attain their maxima 
during winter. The prevailing winds and the 
general circulation of the atmosphere are in¬ 
timately associated wi tli these areas of high and 
low pressure. Winds, in fact, aro caused by the 
flowing away of air from regions of high 
pressure to those of low pressure, in accordance 
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with Buys-Ballot’s law, whioh has been thus 
expressed by Buchan. ‘ The wind neither blows 
round the space of lowest pressure in circles 
returning on themselves, nor does it blow di¬ 
rectly towards that space, but it takes a direc¬ 
tion intermediate, approaching, however, more 
nearly to the direction and course of circular 
curves than of radii to a centre. More exactly 
the angle is not a right angle, but from 45° 
to 80°.’ 

The most important of the influences affect¬ 
ing atmospheric pressure during the months are 
temperature, and, as a secondary effect of tem¬ 
perature, humidity. By comparing the averago 
pressuro during tho two months which exhibit 
the greatest divergence of temperature, viz. 
January and July, Buchan finds the following 
general result:—The January pressure exceeds 
that in July over tho whole of Asia except in tho 
north east, the highest pressures being near tho 
middle of the continent; over Europe to tho 
south and east of a lino drawn from tho north 
of Russia to the south of Norway, thence to tho j 
north coast of Germany, across France to Bor¬ 
deaux, along the north of Spain, and pass¬ 
ing out into the Atlantic at Corunna; over 
N. America except in the N. East and N. West. 
The July pressure exceeds that in January over 
the whole of tho southern hemisphere, over tho 
northern portion of tho N. Atlantic, and over the j 
northern part of the Pacific. The pressure which ; 
is thus removed from Asia, Europe, and America ; 
in the northern hemisphere in July is trans- j 
ferred partly to the southern hemisphere, and 
partly to the more northerly portions of tho 
Atlantic and Pacific Oceans. 1 

At all places on tho earth’s surface where 
the alternation of day and night exists, the pres¬ 
suro of the atmosphere exhibits a remarkable 
diurnal variation. Generally speaking, the pres¬ 
sure is highest at about 9 a.m. and 9 p.m., and 
lowest at about 3 a.m. and 3 p.m., but the exact 
times vary somewhat with the locality and with 
the season of the year. The regularity of this 
variation within the tropics is so great that, as 
Humboldt remarked, tho hour of the day may 
be approximately ascertained from the height of 
tho mercurial column. This oscillation in atmo¬ 
spheric pressure is not confined to the sea’s 
level: it takes place with equal regularity at 
heights of 13,000 feet. Within the tropics tho 
oscillation amounts to about 2*2 mm., but as*wo 
approach the poles it decreases, until at 70° N. ■ 
lat. it is only 0'3 mm. In our latitudes these l 
horary variations arc much less strongly marked ; 
than in the tropics, and aro usually masked by ; 
climatic disturbances; but by comparing the 
results of a largo number of observations, the ' 
fluctuation, which in these islands amounts to ! 
about 0*5 mm. on tho mean of the year, can bo 
clearly made out. In Paris eleven years’ obser- j 
vation shows that the mean barometric osoillu- , 
tion amounts from 9 a.m. to 3 p.m. to 0-750 mm., ’ 
and from 3 p.m. to 9 p.m. to 0-373 mm. Tho | 
amount of tho diurnal variation differs during 
the seasons of the year, being greater in summer : 

* For farther details see Buchan, * The mean pressure 
of the Atmosphere and the prevailing Winds orer ihe 
Globe for the Months of the Year’ ( T.E. 25) ; also Julius 
Kami's Erdkunde ; and It. II. Scott’s Elementary Me- 
teeivlogy. 


than in winter. This peculiar phenomenon has 
given rise to muoh discussion, but as yet the 
cause cannot be said to be satisfactorily deter¬ 
mined. Unlike the oceanic tide, it cannot be 
ascribed to the influence of the moon, since 
Bouvard has shown that tho portion of the 
horary oscillation of tho pressure of the atmo¬ 
sphere which depends on the attraction of the 
moon cannot raise the mercury in tho barometer 
at Paris more than 0-018 mm., whilst the total 
variation deduced from tho 11 years’observation 
amounts to 1*129 mm. Tho fact that the two 
maxima of pressuro occur when the temperature 
is about equal to the daily mean, and tho two 
minima when tho temperature is at its highest 
and lowest, has led to tho supposition that the 
fluctuations in pressuro aro connected with the 
daily march of temperature, and also with the 
humidity of tho air. Dove, Sabine, and Hopkins 
have offered explanations based on such con¬ 
nections, but they are insufficient to account for 
the facts. Lamont and Brown have sought to 
refer tho phenomenon to the magneto-electric 
influence of tho sun, or in other words to connect 
it with tho cause of the diurnal changes in ter¬ 
restrial magnetism. There is overy reason for 
supposing that tho cause of tho diurnal variation 
in atmospheric pressuro is in some way depen¬ 
dent oil, or originates with, tho sun, but that its 
effects arc greatly modified by a variety of local 
or accidental circumstances, as for cxamplo the 
prevailing winds, the amount of moisture in tho 
air, and the relativo distribution of land and 
water. 

The atmosphere appears to rcccivo its heat 
(1) from the direct rays of tho sun, (2) by tho 
reverberation of those rays from tho surface of 
tho earth, (3) by contact with tho ground, 
and (4) through tho influcnco of aqueous 
vapour. 

Although tho air is not absolutely dialhor- 
manous, the heat received by the air from the 
direct rays of the sun is tho least important of 
the sources enumerated. We know very little 
at present as to whether the diathermancy of 
air varies with its density: that is, wo havo 
little evidence to determine whether tho absorp¬ 
tion of the sun’s rays increases as they pass 
further into an atmosphere compressed by its 
own weight. 

The greater portion of tho heat which finds 
its way into tho atmosphere is due to radiation 
from the earth’s surface and to the air being in 
contact with the ground. The amount of heat 
thus sent into the air depoilTis to a great extent 
on the nature of tho soil which receives the 
solar radiations and on its capacity for retaining 
heat. Ilcnce places in tho same latitudes and 
not very far distant from each other, and in the 
same condition as regards protection, may have 
very different mean temperatures on account of 
the different capacities of various soils for ab¬ 
sorbing and retaining beat. 

Aqueous vapour is one of the most important 
agents in modifying tho temperature of the 
atmosphere. A relatively largo amount of heat 
is rendered latent in tho process of evaporation 
from tho surface of the earth, and becomes sen¬ 
sible on tho condensation of the vapour in the 
upper regions of tho air. Aqueous vapour also 
| acts even when in the condition of a perfect gas 
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by retarding the tranmniseion of the son’s rays 
through the air. As the quantity of aqueous 
vapour decreases as we ascend through the 
atmosphere, it follows that the amount of this 
absorption increases as the sun’s rays penetrate 
further into the atmosphere. 

The temperature of the atmosphere varies 
with a multitude of causes, such as the latitude, 
the season of the year, the hour of the day, the 
degree of humidity, Ac. Among the causes 
which tend to raiso the temperature of the air 
may bo enumerated: the proximity of a western 
coast in the temperate zone; the divided con¬ 
figuration of a continent into peninsulas with 
deeply indented bays and inland seas; the aspect 
or position of a portion of the land with reference 
either to a sea of ice spreading far into the polar 
circle, or to a mass of continental land of con¬ 
siderable extent lying in the same meridian, 
either under the equator or at least within a 
portion of the tropical zone; the provalence of 
southerly or westerly winds on tho western shore 
of a continent in the temperate northern zone; 
chains of mountains acting as protecting walls 
against winds coming from colder regions; the 
infrequency of swamps which in the spring and 
beginning of summer long remain covered with 
ico; and the absence of woods in a dry sandy 
soil; finally the constant serenity of the sky in 
the summer months; and the vicinity of an 
oceanic current bringing water which is of a 
higher temperature than that of the surrounding 
sea. 

On the other hand, the following causes lower 
tho temperature of the air of a place : elevation 
above the level of tho sea, when not forming 
part of an extended plain; the vicinity of an 
eastern coast in high and middle latitudes; tho 
compact configuration of a continent having no 
littoral curvatures or bays; tho extension of 
land towards the poles into the regions of per¬ 
petual ice without tho intervention of a sea 
remaining open in tho winter; a geographical 
position in which tho equatorial and tropical 
regions are occupied by the sea, and conse¬ 
quently the absence under the same meridian of 
a continental tropical land having a strong 
capacity for tho absorption and radiation of 
heat; mountain chains whoso form and direc¬ 
tion impede the access of warm winds; the 
vicinity of isolated peaks occasioning the de¬ 
scent of cold currents of air down their declivi¬ 
ties ; extensive woods which hinder the insolation 
of the soil by tho ^ital activity of their foliage, 
which produces great evaporation owing to the 
large surface it exposes, and increase the sur¬ 
face that is cooled by radiation, acting conse¬ 
quently in a three-fold manner—by shade, 
evaporation, and radiation; the frequency of 
swamps or marshes which in the north form a 
kind of subterraueau glacier in the plains lasting 
till the middle of summer; a cloudy summer 
sky which weakens the action of the solar rays; 
and finally a very clear winter sky favouring 
the radiation of heat (Humboldt: Iiccherchcs 
tur les Carnes des Inflexions dcs Lignes Iso- 
thermes. See also Mohn’s Grtindzllge der 
Mcteorologie). 

The temperature of the air varies in different 
strata of the mass, decreasing generally after a 
certain elevation in proportion as the distance 


from the earth’s surface increases, but it is not 
possible to conneot the diminution in tempera¬ 
ture with the elevation in accordance with any 
definite law. It is usually assumed that the 
temperature falls about 1°0. for every 300 feet 
of perfectly dry air. As, however, the air in¬ 
variably contains moisture, which is condensed 
by cooling and so produces heat, the decrement 
may be taken practically at about 1°C. for every 
500 feet. This estimate oan only be taken as an 
extremely rough approximation, for it is obvious 
that the rato of cooling must be affected by a 
great variety of causes. Indeed the extensivo 
series of aeronautical observations made at tho 
instance of the British Association showed 
such great irregularities in the rato of diminu¬ 
tion that Mr. Glaisher concluded that no law 
exists. 

The atmosphere always contains free electri¬ 
city, which is generally positive, that is, of an 
opposite kind to that of the earth. Atmospheric 
electricity increases rapidly after sunrise, and 
reaches its first maximum for the day at about 
8 a.m. In general tho variation in potential fol¬ 
lows the diurnal range of atmospheric pressure. 
In summer the hours of maxima appear to be 
8 a.m. and 10 i\m. and the minima 4 a.m. and 
4 p.m. In winter the hours of maximum intensity 
are 9 a.m. and 10 p.m. and the minima 4 a.m. and 
4 p.m. This diurnal variation seems to depend 
mainly on the degreo of humidity of the air, the 
humid months manifesting the greatest potential. 
Tho potential seems to increase from July to 
January, and then to decrease. According to 
Everett, the maxima occur in February and 
October, and the minima in June and November. 

In clear weather the air is usually positively 
electrified; it is only during rain, or more 
properly speaking when rain begins, that the 
electricity is negative. On the approach of a 
storm the air is almost invariably negatively 
electrified, even when the storm-clouds arc at 
a considerable distance from the place of obser¬ 
vation. When rain begins, the drops show nega¬ 
tive electricity like the air. In light rain the 
potential is moderate, but heavy rain is almost 
invariably accompanied by a high potential. 
Dcllmann’s observations have shown, however, 
that tho air may have a very high potential, 
extending over many days, without any other 
evidences of an approaching storm. 

• The sources from which the electricity of the 
atmosphere is derived are not clearly recognised. 
Be la ltive attributed it mainly to chemical 
action at work on the earth; Pouillet to the 
evaporation of water; Volta and Saussure to 
the inequalities of atmospheric temperature. 
In all probability atmospheric electricity is not 
wholly due to any one of these causes: they 
may all be regarded as contributing to the 
amount. * 

The sun’s light in its passage to the earth ia 
pnrtially absorbed and reflected by the atmo¬ 
sphere. Clausius has calculated that of the 
direct Bunlfght entering the atmosphere on a 
clear day C - 4 p.c. is absorbed, 18-G is reflected 
and diffused, leaving therefore 75 p.c. to reach 
the earth. This light is, of course, refracted 
in its passage in amount depending upon the 
density of the air. Each ray entering the at¬ 
mosphere otherwise than perpendicularly may be 
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■apposed to describe a earn in coming to the 
earth, and as objects are seen in the tangent of 
the curve on entering the eye, all celestial bodies 
not in the zenith appear further removed from 
the horizon than they actually are. 

The refractive power of dry air free from 
carbonic acid is the mean of the refractive powers 
of the oxygen and nitrogen under the pressure 
which each gas exerts in the mixture. This 
fact furnishes a proof of the physical nature of 
the atmosphere; since, as Dulong has shown, the 
refractive power of a compound gas is not equal 
to the refractive powers of its components, but is 
sometimes greater and sometimes less. Moist 
air is rather less refractive than dry air: precipi¬ 
tated vapour, as mist or fog, slightly increases 
the refractive power. 

Although many of the more striking physical 
properties of the air were recognised even in the 
earliest ages, it is only within comparatively re¬ 
cent time that anything very definite has been 
known concerning its chemical nature. 

It had long been observed that many metals 
on exposure to fire lost their peculiar lustre, 
and it was also known that by the prolonged 
action of heat they were ultimately converted 
into calcca or earthy powders often possessing 
characteristic colours. The fact that the calx 
weighs more than the metal from which it was 
derived was known to Geber, and was well under¬ 
stood by the alchemists of tho 16th century. 
Cardan (1506-1570) in noticing the increase of 
weight which accompanies tho calcination of 
lead, says that it is duo to a gas (flatus) which 
feeds flamo and rekindles a body presenting 
an ignited point; and Ccsalpinus in the Da 
Mdallicis (published at Nuremberg in 1602) 
also states that tho ‘ orasse ’ which form ? on 
the surface of load exposed to heated air con¬ 
tains an aerial substance which increases the 
weight of tho metal. Hoy of Perigord seems to 
have first clearly recognised that tho augmenta¬ 
tion in weight was due to the action of the air. 
‘Je responds et soutiens gloricusoment quo co 
Burcroit de poids vient do Pair qui dans lu vase 
a 6te epaissi.’ Hooke in 1665 asserted that air 
contains a principle analogous to if not identical 
with that contained in nitre, and he seems to 
have believed that a certain portion only of tho 
air is required to support combustion and re¬ 
spiration. Tho conception of the complex nature 
of the air was greatly strengthened by the obser» 
vatious of Mayow on respiration : his experi¬ 
ments are so precise and his facts so incontest¬ 
able that, to quote Chevreul, one is surprised 
that the truth was not fully recognised until a 
century after his researches. Boyle also con¬ 
siderably extended ourjcnowledgc of tho physical 
and chemical constitution of tho air in tho 
various treatises which he published between 
1072 and 161)2. 

Two years after tho sagacity of Rutherford 
had demonstrated tho existence of nitrogen, 
Priestley obtained oxygen gas by heating tho 
calx of mercury or red precipitate. The signifi¬ 
cance of this discovery in its relation to the 
constitution of tho air and true nature of calci¬ 
nation was first clearly and irrefragably demon¬ 
strated by Lavoisier. By heating mercury in 
contact with a measured volume of air, he 
showed that about one-fifth of the volume of 


the air is absorbed by the metal with the forma¬ 
tion of 4 red precipitate,' from whioh the gas 
can be recovered Dy heating to a still higher 
temperature, and that the remaining four-fifths 
had all the properties of the 4 mephitic air,’ or 
nitrogen, of Rutherford. This experiment not 
only demonstrated the compound naturo of the 
air and tho character of its constituents, but it 
also showed approximately the relative quanti¬ 
ties in which these constituents were present. 
It was of course quickly recognised that the 
active properties of air depended upon oxygen, 
and it was reasonable to assume tiiat tho rela¬ 
tive amount of this gas determined tho quality 
of air; hence arose tho art of eudiometry. 
Priestley, who discovered nitric oxido in 1772, 
had observed that this gas became red in con¬ 
tact with the air and that the ruddy gas, unlike 
nitric oxide, was readily Boluble in water. When 
it was subsequently ascertained that tho forma¬ 
tion of the soluble red gas was duo to the action 
of oxygen on the nitric oxide, the idea of basing 
a eudiometric method upon this road ion was 
suggested by Priestley. Careful experimenters 
were, however, unable to distinguish air which 
was reputed to be unhealthy from that which 
experience had proved to bo beneficial and 
salubrious. Thus, in Priestley’s hands, air 
from the country scorned no bettor than that 
obtained from the worst-ventilated workshops 
of Birmingham. Cavendish, after a critical 
examination of tho method, made numerous 
analyses of air. 4 During the lust lmlf of the' 
year 1781,’ he says, ‘I tried the air of near 
sixty different (lays in order to find whether it 
was sensibly more phlogistic atod at ono time 
than another, but found no difference that I 
could be sure of, though tho wind and weather 
ou these days were very various, some of them 
being very fine and clear, others very wet, and 
others very foggy . . . On tho whole, thero is 
groat reason to think that tho air was in reality 
not sensibly more dephlogisticaled on any ono 
of the sixty days on which I tried it than the 
rest.’ Cavendish devised a scale of graduation 
applicable to all nitric oxido eudiometers, by 
means of which the late Dr. Wilson calculated 
that the mean of his results furnished the 
following numbers, expressing tho centesimal 
composition of the air by volume: 

Oxygen . . . 20 833 

Nitrogen . . 70*167 

100*000 

Cavendish concludes his^account of these 
observations by pointing out the character of 
the information furnished by tho eudiomoter. 
Etymologically the name was without signifi¬ 
cance. 4 In so far a;* the instrument takes 
cognisance of the impurity of the atmosphere, 
it betrays no difference between one specimen 
of air and another; so that, apparently, there 
are no degrees of goodness to be measured .... 
Thus it may be inferred that our Benso of 
smelling can, in many cases, perceive infinitely 
smaller alterations in the purity of the air 
than can be perceived by the nitrous test* 
(Cavendish, ‘Account of a New Eudiometer, 1 * 
T. 1783). 

These conclusions were confirmed by Hum¬ 
boldt and Gay-Lussac in their celebrated 
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memoir on the composition of the air, published 
in 1804. They employed the eudiometrio method 
of Volta, i.e. explosion with hydrogen, and from 
tin extensive Beries of analyses made on air 
collected in the most variable weather they 
concluded that 100 vols. of air contained 21 of 
oxygen and 79 of nitrogen. 

The constant proportion of the two principal 
constituents of the atmosphere appeared now 
to bo so well established that many chemists, 
after the recognition of the atomic theory, were 
inclined to think that air was a definito com¬ 
pound of oxygen and nitrogen. The two main 
constituents of the air are, however, not present 
in the simplo ratio demanded by the law of 
Gay-Lussac. There is no evidence of chemical 
combination on mixing oxygen and nitrogen in 
the proportion in which these gases are present 
in air: the properties of tho mixture are identi¬ 
cal with those of air and aro such as might bo 
predicated to result from such a mixture. 
Moreover, oxygen and nitrogen can be isolated 
from air by mechanical means, or by taking 
advantage of the different intestinal movements 
of the gases. Graham separated the gases by 
atmolysis, and Bunsen demonstrated that the 
two gases were absorbed by solvents on which 
they exerted no chemical action in exact accord¬ 
ance with the law of partial pressures. Lastly 
the more accurate eudiomelric processes of tho 
last forty years have shown that tho proportion 
of oxygen to nitrogen oven in so-called normal 
air is not absolutely constant. This fact was 
first clearly demonstrated by Bunsen: in a 
series of analyses made during January and 
February 1840, lie found that tho percentage 
amount of oxygen varied from 20-97 to 20*84 
by volume, i.n. a difference of 0-13 p.c., whereas 
tho error of experiment never exceeded -03 p.c. 
Even wider variations were found by llegnault 
in the course of a long series of analyses made 
on air collected in different parts of tho world. 
In more than 100 analyses of air taken at 
various times of the year in and about Baris the 
lowest quantity of oxygen found was 20 913 and 
the highest 20*999; an extreme difference of 
0-080; tho experimental error being 0 02 p.c. 
Air collected from different parts of Europe, 
from valleys and from the tops of mountains 
and during different seasons of the year, showed 
variations in the amount of oxygen from 20 903 
to 21*0 p.c. 

Angus Smith found similar differences in 
London air in % course of numerous analyses 
mado during 1809; the percentage amount of 
oxygen varied between 20*857 and 20*95. That 
these variations are duo to local or accidental 
causes in tho case of a town is established by 
the circumstance that tho air in the streets is 
almost invariably poorer in oxygen than the 
air of the parks and open spaces. As types of 
normal air, Angus Smith found tho following 
means of numerous analyses of air in Scotland 


(1803-6): 

Oxygen 

Seashore and the heath 20-999 
Tops of hills 20-98 

Not mountainous 20-978 

Forests 20 97 


In marshy places the oxvgen sank as low as 
20-922. 


In Glasgow, in ft series of 30 analyses Hit 
oxygen varied from 20*889 in the closer parts 
to 20*929 in the more open places. A. R. Leeds 
found that the air of New York showed varia¬ 
tions from 20*821 to 21*029 p.c.; and lastly 
Jolly found that air in Munich freed from car¬ 
bonic acid and aqueous vapour varied in weight 
as much as 9 mgm. per litre, this variation 
depending upon the direction of the wind. By 
eudiometric measurement ho obtained variations 
from 20*53 to 21*01 p.c. Southerly winds as a 
rule showed a relatively low percentage of oxygen. 
According to E. W. Morley theso deficiencies in 
the relative amount of oxygen are to be attributed 
to the down-rush of air poorer in oxygen from 
the higher regions of the atmosphere. It was 
conjectured by Dalton and Babinet that air in 
the upper strata of tho atmosphere contained 
relatively less oxygen than that immediately 
abovo the earth. 

From llegnault’s observations it would seom 
that sea-air contains slightly less oxygon than 
land air. The mean of 17 samples collected in 
the Arctic seas was 20 91, the extremes being 
20 94 and 20*85. The mean of all the samples 
collected at sea was 20*84 ; in a scries of twenty 
only five showed amounts of 20*90 and upwards. 
On the other hand, the observations of Lcwy indi¬ 
cate that sea-air differs but little in composition 
from land-air, but that in the tropics it expe¬ 
riences close to tho sea a diurnal variation in 
the amount of oxygen and carbonic acid, duo 
to the action of the sun’s heat in disengaging 
theso gases from the water. Subsequent ex¬ 
periments on the composition of air over the 
sea have not confirmed theso observations so 
far as the carbonic acid is concerned (vide 
infra). 

We have comparatively little information in 
regard to tho relative quantities of the consti¬ 
tuents of tho air at great heights. Such 
experimental evidenco as exists seems to indi¬ 
cate that air contains relatively less oxygen 
in the higher strata than near the surface of the 
earth. 

Very little is known respecting the proportion 
of 02 ond in tho atmosphere, or of the circum¬ 
stances which influence its production. The 
ozonometric methods hitherto devised are in¬ 
capable of affording accurate quantitative esti¬ 
mations. Air over marshes or in places infested 
•by malaria contains little or no ozone. No 
ozone can be detected in towns or in inhabited 
houses. 

Houzeau (A. Ch. [4] 27, 5) determines the 
relative amount of ozone in the air by exposing 
strips of red-litmus paper dipped to half their 
length in a 1 p.c. solutiop of potassium iodide. 
Tho paper in contact with ozone acquires a 
blue colour from the action of the liberated 
potash ifpon the red litmus. The iodised litmus 
paper is preferable to iodised starch paper 
(Schonhein’s test-paper) which exhibits a blue 
coloration with any reagent which iiborates 
iodine, e.fj. nitrous acid, chlorine, &c. From ob¬ 
servations mado with iodised litmus paper 
Houzeau concludes that ozone exists in the air 
normally, but tho intensity with whioli it acts at 
any given point of the atmosphere is very vari¬ 
able. Country air contains at moBt * 53-553 of 
its weight or -50333 of its volume of ozone. 
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The frequenoy of the ozone manifestations 
varies with the seasons, being greatest in spring, 
strong in summer, weaker in autumn, and 
weakest in winter. The maximum of ozone is 
found in May and June, and the minimum in 
December and January. In general ozone is 
more frequently observed on rainy days than in 
fine weather. Strong atmospheric disturbances, 
a 3 thunder storms, gales, and hurricanes, are 
frequently accompanied by great manifestations 
of ozone. According to Houzcau atmospheric 
electricity appears to be the most active cause 
of the formation of atmospheric ozone. 

The existence of hydrogen peroxide in air was 
first established by Meissner in 1863, but we 
have no knowledge of the proportion in which it 
is present. All information as to its relative 
distribution is obtained from determinations of its 
amount in rain water and snow. The proportion 
Beems to vary, like that of ozone, with the seasons 
of the year and with tho temperature of the air. 
It is not improbable that tho amount of hydro- J 
gen peroxide in air is greater than that of ozono, i 
and it is possible that many so-called ozone ; 
manifestations are in reality duo to peroxide of i 
hydrogen (i\ Houzeau, G. It. 70, 401; Schon- i 
bcin, J. pr. 100,270; Meissner, J. 08,181; Sclione, ! 
B. 12, 846 ; 13, 1503). j 

The amount of aqueous vapour in tho air is 
subject to great variations. It depends princi- , 
pally upon tho temperature, on the distance 
from the equator, and on tho level of the sea; on 
the form in which the aqueous vapour is pre- ; 
cipitated; on the connexion between such pre¬ 
cipitations and the change of temperature ; and 
on tho direction and succession of winds. The 
air is rarely saturated with aqueous vapour. In 
our moist climate saturation is sometimes very 
nearly attained, but in some parts of Central 
Asia, Russia, and Africa, extraordinary degrees 
of dryness have been noticed. In these islands 
the most humid month is January, and the dries 
is May. 

The existence of carbonic acid in the atmo¬ 
sphere was first inferred by Dr. Macbride of 
Dublin, in 1701, from the observation that 
quicklime after exposure to tho air effervesced 
on treatment with an acid. From the ease with 
which determinations of its amount may be 
effected our knowledge of tho distribution of 
atmospheric carbonic acid and of the causes 
which affect its proportion is probably more 
precise than in tlio case of any other consti¬ 
tuent of tho air. In fresh country air tho 
amount is remarkably constant, and may bo j 
stated as about *034 p.o. In large towns and I 
cities it is usually greater; thus Angus Smith, 
from numerous analyses made in London during 
November 1809, found as a moan -Oil p.d.: in 
upwards of 70 analyses the proportion fell below 
•04 p.c. on only 5 occasions. In Glasgow, Smith 
found on an average ’05 p.c. The amount will 
of course bo affected by any circumstances 
which interfere with tho rapid diffusion of tho j 
oarbonic acid produced by respiration and the 
combustion of fuel: hence during fogs the pro¬ 
portion is very greatly increased, an amount 
as high as 0-1 p.c. having been occasionally 
noticed. Smith gives tho following summary 
of results obtained in Manchester ( Air and 
Rain, p. 52). 


In Manchester streets in usual weather ’0403 

During fogs.*0I>79 

Where the fields begin .... *0309 
In country air the amount of carbonic acid is 
invariably greater at night than during the day. 
This remarkable diurnal variation was first 
pointed out by Saussure (P. 19, 391), aud has 
! been fully confirmed by subsequent observers, 
i Thus, as the mean of numerous analyses made 
! at Clermont-Ferrand, Truehot ( G. It. 77, 675) 
obtained during the day *0353, and during tho 
night *0403 (v. also G. F. Armstrong, Pr. 1880. 
343; and Muntz a. Aubin, G. B. 92, 1299). 
These differences aro mainly dno to tho exha¬ 
lation of carbonio acid from plants at night. 
In tho air of towns, and in the absence of 
vegetation, no such diurnal variations can bo 
detected. 

The amount of carbonic acid in tho air is 
not sensibly altered by rain : this indeed would 
follow from tho law of partial pressure. Over 
tho sea the amount of carbonic acid is about 
•03 p.c., and, contrary to the statement of Lewy, 
no diurnal variation in tho amount can ha 
perceived (Thorpe, G. J. [2] 6, 189). Schulzo 
(Landw. Versuchs.-St. 14, 366) obtained 
similar results with sea air at Rostock: tho 
mean of a largo number of observations made 
from 1868 to 1871 was •0292 p.c. No definite 
change in the amount was observed at different 
seasons of the year or at different times of the 
day. Fog and also a fall of snow were often 
associated with an increase of carbon dioxide 
, (v. also Fittbogen a. llassclbarlh, C. C. 1874. 
i 094). 

Very little is known concerning tho distribu- 
j tion of carbonic acid in the higher strata of 
the atmosphere. According to Hans sure and 
Sehlagentwcit the amount of carbonic acid on 
the mountains is greater than on the plains: 
Truehot, however, found only *0203 on tho top 
! of the Puy-de-Dome (ti IG m.), and 0172 on tho 
! Peak of Haney (1881 in.), as against ’0313 at 
j Clermont-Ferrand. Additional observations aro 
. required. 

The existence of nitric acid in the air was 
j first inferred by Priestley. Tho amount, how- 
i ever is so small that it can only bo deteoted 
! in rain - water. Nitroxyg n compounds aro 
occasionally produced during thunder-storms, 
and it is said that tho rain collected during 
a storm often contains notable quantities of 
nitrous and nitric acids. Boussingaull found 
that a million parts of rain witter contained 0'83 
parts of nitric acid. Reiohardt found in hail¬ 
stones collected during a thunderstorm 0526 
parts per million. 

According to Barral each hectare at Paris 
receives annually from the rain about 63*6 kilos 
of combined nitric acid. Bineau found that 
1 litre of rain-water at Lyons contained in 
winter 0*3 nigra, nitric acid; in spring 1'0; in 
summer 2 0 mgm.; and in autumn 1*0 rngm. 
Bobierre found that a cubic metre of rain-water 
collected at Nantes in 1863 contained on an 
average 7-36 grams in the upper part, and 
5-682 grams in the lower part, of the town ( C.R . 
1864, 755). Angus Smith {Air and Rain, p. 287y 
obtained the following results from a large num* 
bor of observations on rain-water. 




SM 


ATJIOHPHJBKB. 


Ntiric add 
(pta. per million) 

Scotland: InUnd ooantry places . .0-805 

Ireland— Vftlentia. 0-870 

England—sea coast country places . . 0-371 

Scotland „ country places, west. 0-372 

it .. » east . 0-476 

„ h ft average 0-424 , 

Liverpool ....... 0*582 ; 

England: inland country places • . 0-740 ; 

London : 1860 . 0*810 

England : towns. 0*803 j 

Manchester: mean of 1869 and 1870 . 1*032 

Scotland: towns (Glasgow excluded) • 1*164 
Glasgow.2*436 

The amount of nitric acid in the rain-water 
of towns is uniformly greater than in rain¬ 
water collected in the country, from which wo 
infer that much of the nitric acid in the air is 
due to the oxidation of ammonia derived from 
the decomposition of nitrogenous organic matter. 

Tho ammonia in the air exists partly as 
carbonate, partly as nitrate and nitrite; ammo¬ 
nia itself being converted into nitrous and nitric 
aoids and water by ozone. Scheelo observed that 
a bottle containing hydrochloric acid becamo 
coated near tho stopper with a film of sal ammo¬ 
niac on exposure to the air. A pieco of pipe¬ 
clay heated to redness and exposed to tho air j 
for a few days yields a perceptible amount of 
ammonia when reheated: this is not the case if 
the clay is kept in a stoppered bottle. 

The quantity of ammonia contained in tho 
air is extremely variable : tho results on record 
differ from 135 to 0*1 of ammonia (calculated 
as carbonate) in 1,000,000 parts of air. Fresenius 
found that a million parts by weight of air con¬ 
tained during tho day 0-098 parts of ammonia, 
and during the night 0169 parts. According to 
H. T. Brown tho amount ordinarily present is 
much larger than this: a million parts of country 
air at a height of 2 metres from the ground 
contained from 5*1 to 6-08 parts; the same 
amount of town air contained from 4-06 to 8-73 
parts of ammonium carbonate (7V. 18, 286). 
Direction of wind appears to have no intluenco 


in the country contained from 0*927 to 1*141 
pts. of ammonia. Water collected in towna 
always contains much larger amounts than that 
collected in the country. Barral found that 
1 , 000,000 parts of PariB rain-water contained 
3-49 pts. of ammonia. Angus Smith obtained 
1-07 pts. of ammonia in the rain-water of inland 
country places in England, whereas the water 
collected in the inland country places and more 
sparsely populated districts of Scotland con¬ 
tained only 0*53 pts. of ammonia per million. 
The rain water of London contained 3*45 ; that 
of Liverpool 5*38; that of Manchester 6-47; and 
that of Glasgow 9*10 parts por million. The larger 
proportion in tho cities is due to the influence 
of animal life and to the constant presence of 
azotised organic matter in the air of thickly 
populated districts. Dews and fogs and Bnow 
always contain larger quantities of ammonia 
than rain-water. (For references, see Angus 
Smith, Air and Rain.) 

In addition to these substances oxygen, 
nitrogen, carbon dioxide, ozone, water-vapour, 
ammonia, and nitrous and nitric acids—which 
are the essential and necessary constituents of 
atmospheric air, it frequently contains a variety 
of accidental substances such as common salt, 
alkaline sulphates, and organic matter dead and 
living, derived from tho proximity of the sea 
and of marshy districts, or to tho influences of 
towns. Moscati nearly 80 years ago observed that 
the dew condensed on bottles filled with ice and 
suspended over tho rice-fields of Tuscany, when 
collected quickly became putrescent and de¬ 
posited flakes of a body containing nitrogen; 
and similar appearances were noticed by Kigaud 
de Lisle in 1812 in the dew collected in the 
marshes of Languedoc. The water deposited 
flakes of nitrogenised organic matter and gave with 
silver nitrate a precipitate which became imme- 
| diatoly purple. (Compare A. H. Since, IV. 20,442.) 
i Vogel also observed that the moisture condensed 
; on cold surfaces in inhabited rooms quickly 
became putrid owing to the presence of organic 
matter resembling albumin. Angus Smith found 
| that the moisture condensed from breath after 
: standing for some time formed a thick glutinous 


on the amount. Tho quantity decreases after mass, which was seen under the microscope to 
heavy rain but is restored to the normal amount j be a closely-matted confervoid growth. Between 
(about 6 pts. in 1 , 000 , 000 ) in a fow hours. ' the stalks of the confervas a number of greenish 
Truchot ( C . R. 77, 1159) found from 0-93 to . globules were to be seen in a state of constant 
2*79 mgm. per cubic metre in the air of Auvergne, | movement; also various species of volvoxaccom- 
thc highest results being obtained on misty days ' panied by monads many times smaller. As far 
and the lowest qp dear days. From observa- back as 1722, Loowonlioeck (Opera omnia , voL 
tions made on the Puy-de-DOme, Truchot con- j i. 1722) showed that rain-water, even when 
eludes that the quantity increases with the ! recently collected, contained infusoria derived 


elevation and is greater in cloudy than in clear , apparently from tho air. Similar observations 
air. On the other hand, Muntz and Aubin I were mado by Ehrenberg and Gaultier deClaubry 
(C. R. 95, 788), from observations made on rain- j ( C. R. 41, 645). The first attempt to throw 
water, find that the upper strata of the air ; light upon the question of the relative distribu- 
contain much less ammonia than air near the tion of the organisms present in air was made by 
surface of the earth. Nitric acid also was Pasteur, by subjecting certain putrescible solu- 
enlirely absent from rain water collected at an tions to the action of the air obtained from 
elevation of 2877 m. Lewy ( C . R. 91, 94) finds various localities. 

that tho air in summer contains invariably larger Tyndatl (Les Microbes , Paris, 1882) has 
quantities of ammonia (2*3 mgm. NH S in 1000 shown that the micro-organisms contained in 
c.m.) than in winter (1*7 mgm. in 1000 c.m.). air aro rapidly deposited in the absence of any 
The proportion of ammonia contained in strong aerial currents. Upon this fact Hesse 
rain water is as might be expected subject to ( Mitthcilungen aus dem kaiscrlichcn Oesund - 
equally wide variations. Lawos and Gilbert heitsamte : Berlin, 1884) has based a method 
found that 1 , 000,000 pts. of rain-water collected for quantitatively estimating the relative pro* 
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portion of micro-organisms in air. The method 
consists in aspirating air through wide-mouthed 
glass tubes, coated internally with gelatine- 
peptone, prepared according to Koch’s method, 
which is afterwards kept at a temperature of 
20°-26° for a few days, when the organisms 
which have been arrested—consisting of tho 
various monads, bacilli, and micrococci, capable 
of development and growth in tho nutrient 
gelatine—are recognised by the colonies to 
which they give rise. By means of this method 
Dr. Percy F. Frankland has made a number of 
estimations of the micro-organisms contained 
in the air of towns, and in tho country, and in 
inhabited buildings. By simultaneously ox- 
posing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of tho air, a rough estimate was obtained not 
only of the number of micro-organisms in a 
given volume of the air, but also of the number 
which fell during a given time on a definite 
horizontal area. As the mean of a series of 
observations made on the roof of the South Ken¬ 
sington Museum between Jan. and Juno 1886, 
it was found that there wore 35 organisms in 
10 litres of air, whilst 279 was the average 
number which fell in 1 sq. ft. in 1 minute. 
Similar experiments made near Rcigate and in 
the vicinity of Norwich showed an average of 
14 organisms in 10 litres of air, whilst 79 fell 
per sq. ft. per minute. Experiments made in 
KensingtonGardens, Hyde Park, and on Primrose 
Hill, gave an average of 24 organisms in 10 
litres, and a deposition of 85 per sq. ft. per 
minute. At St. Paul’s Cathedral, 56 organisms 
were found at tho base, 29 in the Stone Gallery, 
and 11 in the Golden Gallery, in 10 litres of air. 
At Norwich Cathedral 18 at the base, 9 at a 
height of 180 ft., and 7 at 300 ft. In inhabited 
buildings groat variations were observed; as a 
rule the number of micro-organisms was less 
than that found in the open air when the air of 
the room was undisturbed, but roso rapidly when 
the air was set in motion by draughts or by tho 
presence of many people (P. F. Frankland, Pr. 
40, 509). 

Angus Smith has sought to base a system of 
chemical climatology on the examination of rain¬ 
water collected under different conditions and at 
various places. Bain falling through tho air 
over the sea always contains common salt and 
sulphates, the latter in larger proportion to the 
chlorides than is found in sea-water. Tho sul¬ 
phates increase inland: they seem to bo a 
measure of tho products of decomposition, tho 
sulphuretted hydrogen which is evolved in the 
putrefaction of certain organic compounds being 
oxidised in tho atmosphere. In large towns, tho 
amount of the sulphates is greatly inareased , 
owing to the combustion of coal containing iron- 
pyrites. Indeed the rain water of large towns is 
frequently acid from the presence of free sul¬ 
phuric acid. When rain contains 40 parts per 
million of free acid, vegetation is rapidly affected. 
The following analyses by Angus ^hnitli will 
servo to show the general character of the rain¬ 
water (and therefore of the impurity of the 
atmosphere) in various parts of Great Britain. 
The results, which are tho mean of many ex¬ 
periments, are expressed in parts per million of 
rain-water. 



1. 

n. 

in. 

IV. V. 

VI. 

VII. 

Sea Air: 

Scotland 

12-28 

3*01 

0 

0*74 ^ 0*101 

*424 

•013 

England 
Inland 
entry, air: 

not deb. 

6-88 

0 

1*90 notdet. 

1 *371 

not dot. 




| 



Scotland 

3-37 

2-06 

0 

0*63 * 0-1 

*305 

•284 

England 

3-99 

5-22 

0 

1*07 *109 

*749 

*480 

Towns: 

London 

1-25 

20*49 

0 

3-87 

3-45 *205 

• 840 1 

notdet. 

Liverpl. 

10*18 

39 - 1)9 

11*58 

fi-3* *151* 

* 582 , 

3-898 

Mnelistr. 

5-83 

44*82 

10*17 

fi-47 *251 

1 - 032 . 

*4401 

Glasgow 

8-97 

70*19 j!5*13 j 

9-10 *300 2 * 438 . 10*040 


I. Amount of hydrochloric acid (chlorides). 

II. „ sulphuric acid (sulphate.*). 

Hr. „ ueidity (free sulphuric ucid), 

IV. „ ammonia. 

V. „ albuminoid ammonia; decomposition 

of organic matter. 

VI. „ nitric acid. 

VII. „ weight of oxygen required to oxidise 

organic matter (measure of orgauio 
matter and nitritos). 

Although the atmosphere is subject to con¬ 
tinual change from a multitudo of causes, suoh 
as the respiration of animals and plauts, the 
combustion of organic matter, various processes 
in the arts Ac., still from its immense mass and 
uninterrupted motion suoh changes have only 
the very slightest effect on its composition. Let 
us very briefly consider the chief circumstances 
which tend to influence the proportion of its 
components. 

Nitrogen is undoubtedly a primitive sub¬ 
stance: no other body occurs in such large 
quantities as an element. This gas is probably 
the source of all nitrogenous bodies, in tho for¬ 
mation of which it is continually abstracted from 
tho air. A portion only of the nitrogen so 
abstracted finds its way back to the air as such: 
the most considerable compensating influence 
known to us is tho nitrogen evolved by volcanoes. 

By tho respiration of animals and tho oxi¬ 
dation of the spent portions of thoir tissue, by 
the respiration of plants at night-time, and by 
tho combustion of fuel, largo quantities of car¬ 
bonic acid aro being continually added to the 
atmosphere. Enormous quantities also are 
evolved from volcanoes anil other subterranean 
sources. Poggendorff has indeed calculated that 
the amount so added is at least ten times as 
much as is derived from all other sources put 
together. Taking tho weight of carbonic acid 
in the air as *06 per cent., it can be calculated 
from the area of tho terrestrial oblate spheroid 
that tho weight of the carbonic acid in the 
atmosphere is about 3,228JUUU x 10 kilos (Le 
Conte, P.M. foj 15, 46; v. also E. II. Cook, 
P. M. [5] 14, 387). At least 50,000 million 
kilos of carbonic acid arc daily added to the 
air. The main compensating influence is of 
course the action of growing plants in sunshine; 
carbon dioxide is also removed directly and 
indirectly by zoophytes and by certain chemical 
actions such as tho conversion of felspar into 
kaolin, Ac. Stcrry Hunt (‘Chemical and Geo¬ 
logical Relations of the Atmosphere,’ Am. 8» 
1880) has calculated that a weight of carbonic 
acid equal to more than twenty-one times that 
of our present atmosphere would be absorbed in 
the production from orthoclase of a layer of 
kaolin extending over tho earth’s surface with A 
thickness of 500 metres, an amount representing 
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but a small proportion of the results of fel- 
spathio decay in the sedimentary strata of the 
globe. 

Dumas andBouasingault, in their well-known 
memoir on the Composition of the Air (A. Ch. 
[3] 3) made some interesting calculations on 
the duration of the supply of atmospheric oxy¬ 
gen. They found that, taking all the known 
sources of diminution, and assuming that the 
oxygen disengaged by jdants compensates only 
for the causes of diminution at present unknown, 
then even in this exaggerated case three times 
the amount of oxygon thus abstracted would 
only amount in 100 years to about of the 
total quantity, an amount barely appreciable by 
our most exact eudiometric methods.— T. E. T. 

ATOMIC AND MOLECULAR WEIGHTS.— 
Two theories regarding the ultimate constitution 
of matter have opposed each other from the 
beginnings of philosophy; one asserts that any 
mass of apparently homogeneous matter is 
really homogeneous; the other affirms that 
every portion of matter of sensible sizo is built 
up of avast number of small particles which arc 
not themselves capable of further sub-division. 
The earliest exponent of the second theory of 
whom we possess any definite record was the Greek 
philosopher Democritus, who flourished about4 50 
B.o. The doctrines of Democritus were developed 
by Epicurus, and the teachings of the Epicurean 
philosophy aro preserved in the Latin poem of 
Lucretius (n.c. O'.) 55). These early atomists 
tried to assign to the atoms, of which they said 
matter is composed, only such properties as 
should suffice for their presentation in time aud 
space. They taught that nothing exists save 
atoms and empty space; that the atoms or ‘ first- 
beginnings,’ aro of many different forms, and 
different weights, and the number of atoms of 
each form is infinite; that all change is only 
combination or separation of atoms; and tlut 
the atoms are in constant motion. To meet 
the objection that if a mass of matter is at rest 
the parts of it cannot be in motion, Lucretius 
uses the illustration of a Hock of grazing sheep 
with skipping lambs; to ono looking from a 
distanco the thick appears as a white motionless 
patch on tho green hillside, but a closer view 
shows that the parts of the ilock are continually 
changing their positions. Every atom, Lucre¬ 
tius asserts, is inde druelilile, and its motion is 
indestructible likewise; if this were not so how 
could we account for the preservation of fixed 
types in nature ? Loses always bear roses, and 
each animal reproduecsits like, because the ‘first 


the binding statutes of time/ 1 The way to 
gain a knowledge of the laws of nature, Lucretius 
teaches, is to examine natural events. (See for 
instance the analysis of the effects of the 
thunderbolt in Book vi. 323-398.) The differences 
between a hard body such as iron, and a soft 
body such as air, depend, according to Lucretius, 
on tho motions of the atoms of the two bodies ; 
in tho hard body the atoms move to and fro 
within very small distances, in the soft body 
they move freely and rebound from each other 
only at comparatively long intervals. ‘ Bodies 
are partly first-beginnings of things, partly 
those which are formed by a union of first 
j beginnings.’ 2 The latter arc produced by tho 
[ atoms grouping themselves in concilio ; this term 
! seems to mean something very like our expres¬ 
sion in combination. The properties of the body 
formed by the grouping together of atoms need 
not resemble tho properties of the atoms them¬ 
selves (see, for instance, Book 1.915-920). Not 
only must tho atoms enter into concilium with 
each other in order that any kind of matter may 
be produced, but the properties of the matter 
thus formed depend on the mutual relations of 
; the atoms; ‘it matters much with wliat others 
and in what positions the same first-beginnings 
1 of tilings are held in union, and what motions 
they do mutually impart and receive.’ 3 
j Although this theory was so nearly complete, 

; yet, ns taught by Lucretius, it bad few of wliat we 
j now regard as the essential features of a good 
; scientific theory; it was not stated in terms 
which permitted of numerical applications to 
actual phenomena. T’cw or no exact applica¬ 
tions of the theory could bn made to natural 
phenomena. It was scarcely able to predict 
events in nature except in a wide and loose way. 
It savoured too much of a dogma. It was rather 
i a speculation as to what might be the cause of 
natural occurrences, than an attempt to deter- 
| mine wliat these causes really \verc. 

The teachings of tho Epicurean philosophers 
! were opposed by those of the school of Aristotle. 

; The Aristotelians magnified the names of things 
1 and made theiq as real or even more real than 
: the things themselves; they identified ‘modes 
! of predication with modes of existence ’ (Lange), 
j Matter occupied a foremost position in tho 
j Epicurean scheme of tlio universe, but by the 
| followers of Aristotle it was regarded only as the 
i ‘potentiality of becoming anything or everything/ 

! Arislolelianism prevailed in the middle ages and 
atomism fell more and more into disrepute. 
i But ill 1592, Gassendi, Canon and l’rovost at 


beginnings ’ (or atoms) of which each is composed ; Pigno in Provence, reviyed the atomic theory of 
are the same and are never destroyed or worn ; the Greek philosophers, and attempted to found 
out. 'First-beginnings arc of solid singleness, and i on it an interpretation of natural events. The 
in no other way can they have been preserved j inlluenco of Gassendi was continued through 
through ages during infinite time past in order j Newton and Boyle; the former of whom, as we 


to reproduce things/ 1 Here wo see how clearly ; know’, demonstrated that not only do masses of 
the early atomists recognised that every event in | matter attract each other, but that every par- 
naturo occurs in accordance with strict laws, i tide of each mass attracts every particle of the 
Nothing happens by chance, was a fundamental ! othe- mass with a force varying directly as the 
doctrine of these philosophers. ‘I . . . teach 1 masses of* the particles and inversely as the 
... by what law all things are made, what ; square of the distance between the particles. As 
necessity there is then for them to continue in j Newton accepted the atomic conception of tho 
that law, and How impotent they are to annul structure of matter, his demonstration of the 

action of the force of gravitation gave a new 

* Lucretius, De Rerum Katun, I. 54&-550 (Munro'a I 

translation). * Id. V. 55-68. • Id. I. 483-4. • Id. II. 1007-3. 
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point of departure (or the theory of atoms. From 
this time a science of atomic physios became 
pOBEdble. But the difficulty was, and still is, to 
form fk dear mental picture of the mechanism 
- of the action of the force of gravitation in terms 
of .the atomio Conception of matter. Nowton 
gave the mathematical construction, and dearly 
•separated this from the physical explanation 
which belonged to the region of conjecture. 

-• Not much was done, aftor Newton, to advanco 
the application of the atomio theory until tho 
' early years of tho present century, when Dalton 
made a serious attempt to determine tho condi¬ 
tions under which tho atoms of elementary bodies 
unite to form the atoms of compound bodies. 

The groat advance mado by Dalton consisted 
'in his asserting tho possibility of finding the rela¬ 
tive weights of the atoms of all kinds of matter, 
and in his demonstration of the method whereby 
these relative weights could be determined. 

Many analyses of chemical compounds had 
been made, before tho time of Dalton; tho 
results were usually stated in percentages, and 
they seemed to have but few mutual relations. 
Richter (1791-1802) had shown that a definite 
mass of each acid combines with a specified 
mass of a given base ; he had arranged several 
acids and bases in order of neutralisation. 
Fischer, in 1803, published a table of chemical 
equivalents which expressed the quantities of 
bases which were of equal value as regarded 
power .of neutralising a constant quantity of a 
specified acid. Lavoisier, Cavendish, and others, 
had to some extont grasped the conception of 
the elements combining in definite proportions. 
They had never doubted that every chemical 
substanoe was of definite composition, and that 
it would bo possible by careful analyses of many 
compounds to find the laws of elementary combi¬ 
nations. Proust had analysed several pairs of 
oxides of the same metal; from some of his 
numbers the law of combining weights might 
have been deduced, had he stated his results so 
as to i. how tho quantities of oxygen in combina¬ 
tion with a fixed quantity of metal. 

Dalton analysed two compounds of carbon and 
hydrogen, and found that in one tliero was twice 
as much hydrogen as in the other, combined with 
the same quantity of carbon. He found similar 
. regularities in the quantities of oxygon which 
combined with a specified quantity of carbon, in 
the quantities of ortygen which combined with 
a specified quantity of nitrogen, <tc. Meanwhile 
he,, had been thinking much regarding the 
ultimate particles of bodies; ho had pictured to 
himself a quantity of gaseous matter as re¬ 
sembling a heap of small shot, as built up of littlo 
definite parts or atoms. ‘ Ho saw how the facts 
of chemical combination he had been studying 
would help him to find the relative weights of 
tbeso small particles. Dalton’s genius recog¬ 
nised tho unity which bound together so many 
diverse physioal and chemical facts. He at once 
stated clearly the quantitative laws of themical 
combination and referred theso laws to ono un¬ 
derlying conception, tho conception namely of 
the atom,. ‘In all ohemical investigations it 
has justly been considered an important object 
to ascertain the, (native weights of the simples 
Vbicb ermetiiuta a compound. But unfortu* 
natfelv the inquiry has terminated here; whereas 

V:- ...■ 


from the relative weights In the mass, the relative 
weights of the ultimate particles or atoms of the 
bodies might have been inferred, from which 
their number and weights in various other com¬ 
pounds would appear, in order to assist and 
to guide future investigation, and to correct 
their results. Now it is ono great object of this 
work to show the importance and advantage of 
ascertaining therelativo weights of the ultimate 
particles both of simple and compound bodies, 
the number of simplo elementary part icles which 
constitute ono compound p.rticle, and the num¬ 
ber of less compound particles which enter into 
tho formation of one more compound particle.’ 1 

That he might determine the relative weight 
of the * ultimate particle ’ of an element it was 
necessary for Dalton to have somo means of 
.fixing tho number of particles of that element in 
one ‘ ultimate particle ’ of several of its com¬ 
pounds. Thus, masses of hydrogen and oxygen 
combine in tho ratio of 1 to 8; now, if we assume 
that the ultimato particle, or atom, of water is 
9 times heavier than tho atom of hydrogen, the 
most probable conclusion is that one atom of 
water is formed by the union of one atom of 
hydrogen, the mass of which is taken as Unity, 
with one atom of oxygen, the mass of which is 
8 tftucs that of the hydrogen atom; but if we 
chooso to assume that tho atom of water is 10 
times heavier than that of hydrogen, then the 
experimental results—1 of hydrogen oombineg 
with 8 of oxygen, by weight—aro most readily 
interpreted by saying that one atom of water is 
formed by tho union of 2 atoms of hydrogen, 
weighing 2, with one atom of oxygen, woighing 
10. Wo cannot then determine how many times 
the atom of oxygen is heavier than that of hy¬ 
drogen unless wo have previously determined 
how many times the atom of the compound 
formed by tho union of hydrogen and oxygen, 
that is the atom of water, is heavier than the 
atom of hydrogen. 

Dalton framed certain empirical rules re¬ 
garding tho composition of tho atoms of com¬ 
pounds formed by the union of two elements. 
His principal rules were these: ‘If tliero are two 
bodies, A and 13, which aro disposed to combine, 
tho following is the order in which combination 
may take place, beginning with the most simple, 
namely: 

• latum of A+ 1 atom of B=latom of 0, l>imiry; 

lntom of A+2 atoms of B-l „ I), ternary; 

2 atoms of A+l atom of 11=1 „ li , ternary; 

1 atom of A+3 alums of B=1 m F, quaternary; 

3 atoms of A+l atom of 11=1 „ («, quaternary.' 

Ac. <to. 

‘1st. When only ono combination of two 
bodies [elements] can bo obtained, it must be 
presumed to be a binary one, unless somo cause 
appears to tho contran 

‘ 2nd. When two combinations are observed 
they must bo presumed to bo a binary and a 
ternary. 

‘3rd. When three combinations aro obtained, 
we may expect one to be a binary , and the other 
two ternary. 

1 4th. When four combinations aro observed, 
we should expect one binary , two ternary % and 
ono quaternary , &c. &c.’ 

‘ From the. application of these rule* to the 

1 Dalton, A New 3yMem cj Chemical 
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ohemicel facts already well ascertained, we 
deduce the following conclusions: 1st. That 
water is a binary compound of hydrogen and 
oxygen, and the relative weights of the two ele¬ 
mentary atoms aro as 1:7 nearly [more correctly 
1:8]. 2nd. That ammonia is a binary com¬ 
pound of hydrogen and azote, and that the 
relative weights of tho two atoms aro as 1:5 
nearly [more correctly 1:4*66]. ... In all 
these cases the weights aro expressed in atoms of 
hydrogen, each of which is denoted by unity.’ 1 
But even if these rules wero admitted, it was not 
always possible to fix tho relativo weight of an 
elementary atom ; thus, two compounds of carbon 
and oxygen were known to Dalton, containing, 
according to his analyses, 2-7 parts by weight of 
carbon combined with (i) 7 and (ii) 3*5 parts by 
weight of oxygen; hence, by rule 2, the first of 
these is a compound of one atom carbon with 
one atom oxygen, and hence the atomic weight 
of carbon is 2*7, and the second is a compound 
of 2 atoms carbon (■» 5*4) with 1 atom oxygen 
(= 3*5 x 2). But tho results of analyses might 
also be stated thus: (i) 5'4 carbon +14 oxygen, 
(ii) 5-4 carbon+ 7 oxygen; and the conclusion 
might be drawn that the first is a compound of 
1 atom carbon (5*4) with 2 atoms oxygen (7 x 2), 
and the second is a compound of 1 atom carbon 
(6*4) with one atom oxygen (7). Both ways of 
stating tho results of experiments would be in 
keeping with Dalton’s rules, but tho first would 
lead to the number 2 7, and the second to the 
number 5*4, as representing tho relative woiglit 
of the atom of carbon. Another objection to tho 
Daltonian rules of atomic syntheses was that, 
although to-day wo may know of but one com¬ 
pound of two specified elements, to-morrow we 
may know of several compounds of these eloments. 

Berzelius continued tho work which Dalton 
had begun; his aim was to discover tho laws of 
atomic combinations. Why does a specified 
element by combining with oxygen produce only 
two or perhaps three different oxides ? Why do 
not tho elementary atoms combine in a groat 
many different ratios V What aro tho limiting 
forms of the compound atoms produced by the 
union of any specified elementary atoms ? 
Berzelius busied himself with such questions 
as these. And that lie might find somo solu¬ 
tions to such questions, Berzelius was obliged 
to frame empirical rules, as Dalton had done 
before him. 

Tho following may bo taken as an example 
of the Berzelin**. rules. If an element forms 
two oxides with twico as much oxygen by 
weight in one as in the other, relatively to a 
fixed mnss of tho element, tho atom of that 
compound which contains tho smaller mass of 
oxygen is to be regarded as composed of one 
atom of oxygen and one atom of the specified 
element, and the atom of the other compound 
is to bo regarded as composed of two atoms of 
oxygen and ono atom of tho specified element; 
but if the masses of oxygen in the two oxides 
are in the ratio 2:3 relatively to a specified 
mass of the other element, then the atom of 
the compound with less oxygen is to bo regarded, 
as before, as composed of ono atom of oxygen 
and one atom of the specified element, but the 


atom of the oompound with more oxygen is to 
be regarded as composed of three atoms of 
oxygen and two atoms of the other element. 

But such rules were only empirical, and, 
however satisfactory might be the particular 
results obtained by their application, it was 
impossible to rest contented until some general 
principle had been attained which should admit 
of universal application. In tho course of his 
inquiries regarding the syntheses of atoms, 
Berzelius performed a vast number of very 
careful analyses, tho results of which firmly 
established tho quantitative laws of chemical 
combination. Theso laws (v. Combination, 
Chemical, Laws of) assert:—(1) that the masses 
of the constituents of every homogeneous kind 
of matter stand in an unalterable proportion to 
ono another, and also to tho mass of the com¬ 
pound they produce— tho mass of the compound 
being always equal to the sum of the masses of 
the constituents; (2) that when two elements 
combine to form more than one compound, the 
masses of ono of the elements which combine 
with a constant mass of the other element bear 
a simple relation to each other; and (3) that 
the masses of different elements which combine 
with one and the same mass of another element 
are also the masses of these different elements 
which combine with each other, or they stand 
in a simple relation to thoso masses. Those 
laws may all be expressed in the statement that 
the elements combine only in tho ratios of their 
combining weights, or, in simple multiples of 
these ratios. By the combining weight of an 
clement is here meant tho smallest mass of that 
element which is found to combine with one 
part by weight of hydrogen or with 8 parts by 
weight of oxygen. 

As Berzelius was pursuing his investigations 
into tho gravimetric composition of compounds, 
Gay-Lussac was making experiments on tho volu¬ 
metric composition of gaseous compounds. In 
1809 this naturalist was able to prove (1) that 
the volumes of the gaseous elements which cora- 
bino to form a gaseous compound stand in an 
unalterable proportion to each other; (2) that 
when two gaseous elements combine to form 
more than one gaseous compound, the volumes 
of ono of tho dements which combine with a 
constant volumo of the other element bear a 
simple relation to eaoh other; and (3) thut the 
volumes of different gaseous eloments which 
combine with one and tho samo volume of 
another gaseous element aro also the volumes 
of these different elements which combine with 
each other, or they stand in a simple relation to 
those volumes. These laws may all bo expressed 
by saying that the gaseous elements combine 
only in tho ratios of their combining volumes, 
or in simple multiples of these ratios. By the 
combining volume of a gaseous element is here 
meant the smallest volumo of that element 
which is found to combine with one unit volume 
of hydrj>gon, and a unit volume of hydrogen is 
defined to be the volume, at normal tempera¬ 
ture and pressure, occupied by one unit mass of 
this element. 

Gay-Lussac argued that the ratios of the 
masses of tho combining volumes of gaseous 
elements are also the ratios of tho masses of the 
atoms of these elements; and the conclusion 


1 Dalton, lx. 
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was drawn that equal volumes of gaseous bodies, 
measured at the same temperature and pressure, 
contain equal numbers of atoms. This con¬ 
clusion, if admitted, seems to put into our hands 
a means for finding the relative masses of the 
atoms of many compounds and hence of many 
elements. But tho application leads to unlooked- 
for results. Consider the case of hydrogen and 
oxygen: experiment shows that two volumes of 
hydrogen—weighing two—combine with one 
volume of oxygen-weighing 16—and pro¬ 
duce two volumes of water-gas- weighing 18; 
hence, if equal volumes of gases contain equal 
numbers of atoms, two atoms of hydrogen — 
weighing two- combine with one atom of 
oxygen—weighing 1C—and the product is two 
atoms of water-gas—each weighing 9. But 
each of these atoms of water-gas contains atoms 
of hydrogen and oxygen; now, the atom of 
oxygen has been shown to weigh 16 times 
as much as the atom of hydrogen; hence the 
atom of water-gas contains half an atom of 
oxygen. Again, consider the case of hydrogen 
and chlorine: experiment shows that one volume 
of hydrogen—weighing one - combines with one 
volume of chlorine -weighing 35*5—and that 
the product is two volumes of hydrochloric acid 
weighing 36'5; hence, if equal volumos of gases 
contain equal numbers of atoms, ono atom of 
hydrogen has combined with one atom of 
chlorine to produce two atoms of hydrochloric 
acid. But as each atom of hydrochloric acid 
is composed of both hydrogen and chlorine, it 
follows that each atom of hydrochloric acid is 
formed by tho union of half an atom of 
hydrogen and half an atom of chlorine. But 
theso conclusions arc at variance with tho funda¬ 
mental definition of the atom, which states 
that the atom is the smallest mass of a body 
that can exhibit tho properties of that body. 

The discovery that gaseous elements com¬ 
bine in fixed quantities by volume had done 
something to advance the study of atomic 
synthesis, but it had not removed the funda¬ 
mental difficulty, the difficulty, namely, of find¬ 
ing some generally applicable principle by means 
of which the relative weights of tho ultimate 
particles, or atoms, of compounds might be 
determined. This difficulty was overcome by 
Avogadro. In 1811 this Italian naturalist intro¬ 
duced into chemistry tho conception of two 
orders of small particles—the molecule , and 
tho atom. Tho molecule of an clement or a 
compound, said Avogadro, is the smallest mass 
of it which exhibits the properties of that ele¬ 
ment or compound; the molecule of an element 
or a compound is formed by tho union of smaller 
particles of matter which wo shall call atoms; 
in the case of the molecule of an elemenf the 
atoms are all of one kind, in the case of the 
molecule of a compound the atoms are of two, 
or more than two, different kinds. As the 
properties of the molecule of & compound are 
very different from the properties ofcthe atoms 
which compose it, so it is probable that the 
properties of the molecule of an element are 
different from the properties of the atoms by 
the union of which the molecule is produced. 
A chemical action between two gases was oon- 
oeived by Avogadro as being separable, in 
thought if not in actuality, into two stagoa; in 


the first stage the molecules of the reacting 
gases are shattered, and in the second stage the 
parts of these molecules, that is the atoms, are 
rearranged to form the molecules of the new 
bodies. 

Avogadro modified the generalisation made 
by Gay-Lussao, and re-stated it thus:— * Equal 
volumes of gases , temperature and pressure being 
the same , contain equal numbers of molecules 
The reactions between hydrogen and oxygen, 
and hydrogen and chlorine, which could not be 
explained by the generalisation of Gay-Lussao, 
are perfectly consistent with tho generalisation 
of Avogadro. Two volumes of hydrogen com¬ 
bine with one volume of oxygen, and the pro¬ 
duct is two volumes of water-gas; that is, in 
terms of Avogadro’s statement, 2 p molecules of 
hydrogen, each composed of x atoms, combine 
with p molecules of oxygen, each composed of 
x' atoms (x may or may not equal x'), and the 
product is ‘2p molecules of water-gas. One 
volume of hydrogen combinos with one volume 
of chlorine to form two volumes of hydrochloric* 
acid ; that is, in terms of Avogadro’s statement, 
p molecules of hydrogen, containing x atoms, 
combine with p molecules of chlorine, contain¬ 
ing x ' atoms (x may or may not equal X 1 ), to 
form 2 p molecules of hydrochloric acid. 

Not only are these, and other, reactions, be¬ 
tween gases explicable in terms of the generali¬ 
sation of the Italian naturalist, but this state¬ 
ment gives us a means of determining the rela¬ 
tive masses of the molecules of all gaseous 
bodies, and also of determining the minimum 
number of atoms in each of these molecules. 
That is to say, the generalisation of Avogadro 
gives us what we could not obtain from the 
rules of Dalton or Berzelius, or from the generali¬ 
sation of Gay-Lussac. For it is evident that, if 
the number of molecules in equal volumss of 
two gases is the same, the masses of the two 
kinds of molecules must be in the same ratio as 
tho densities of the two gases; and henoe, if 
the density of one of the gases be taken as unity, 
tho density of the other, in termB of this one, 
expresses the relativo mass of & molecule of 
this other gas. Let tho two gascB be hydrogen 
and oxygen; experiment shows that a given 
volume of oxygen is sixteen times heavier than 
the same volume of hydrogen; hence, if equal 
volumes contain equal numbers of molecules, a 
molecule of oxygen is sixteen times heavier than 
a molecule of hydrogen. Let us call tho mass 
of a molecule of hydrogen ou^, then, in order to 
find how many times greater than the masB of 
this molecule is the mass of the molocule of any 
gas, we have only to determine the density of 
the specified gas in terms of hydrogen as unity; 
the number expressing tho density of the gas 
expresses also the relative mass of the molecule 
of the gas. But, further, the generalisation of 
Avogadro puts into our hands a means whereby 
the minimum number of atoms in a gaseous 
molecule may bo determined, and hence a means 
whereby the maximum relative values to be 
assigned to the masses of atoms may be deter¬ 
mined. Consider the mutual action of hydrogen 
and chlorine, hydrogen and bromine, nitrogen 
and hydrogen, and oxygen and hydrogen. 
Having regard only to the volumes of the re¬ 
acting gaseous elements and the volumes of the 
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gaseous compounds produced, the actionem ques¬ 
tion may be stated thus 

(i.) One volume of hydrogen combines with 
one volume of chlorine to produce two volumes 
of hydrochloric acid ; (ii.) One volume of hydro¬ 
gen combines with one volume of bromino-gas 
to produce two volumes of hydrobromic acid; 
(iii.) one volumo of nitrogen combines with three 
volumes of hydrogen to produce two volumes of 
ammonia ; (iv.) one volume of oxygen combines 
with two volumes of hydrogen to produce two 
volumes of water-gas. 

Now, as equal volumes contain equal num¬ 
bers of molecules, these statements may be put 
as follows:— 

(i.) p molecules of hydrogen combine with 
p molecules of chlorine, and the product is 2 p 
molecules of hydrochloric acid; (ii.) p molecules 
of hydrogen combine witlijp molecules of bromine 
gas, and the product is 2 p molecules of hydro¬ 
bromic acid; (iii.) p molecules of nitrogen com¬ 
bine with 3 p molecules of hydrogen, and the 
product is 2 p molecules of ammonia; (iv.) 
p molecules of oxygen combine with 2 p molecules 
of hydrogen, and the product is 2 p molecules of 
water-gas. 

Therefore in (i.) one molecule of hydrogen 1 
has produced, by union with chlorine, two mole- : 
cules of hydrochloric acid, both of which are ! 
composed of hydrogen anil chlorine; in (ii.) one 
molecule of hydrogen has produced, by union | 
with bromine, two molecules of hydrobromic 
acid, both of which arc composed of hydrogen 1 
and bromine; in (iii.) one molecule of nitrogen ! 
has produced, by union with hydrogen, two ! 
molecules of ammonia both of which arc com- ' 
posed of nitrogen and hydrogen; and in (iv.) 
one molecule of oxygen has produced, by union 
with hydrogen, two molecules of water-gas, both 
of which arc composed of oxygen and hydrogen. 
In other words, in reactions (i.) and (ii.) every 
molecule of hydrogen has separated into at least 
two parts; in reaction (iii.) every molecule of 
nitrogen has separated into at least two parts; 
and in reaction (iv.) every molecule of oxygen 
has separated into at least two parts. 

These parts of molecules are called atoms. 

If we assumo the truth of Avogadro's 
generalisation, then the foregoing reactions aro 
most simply interpreted by saying that the mole¬ 
cules of hydrogen, nitrogen, and oxygen, are 
each built up or composed of two atoms. As 
hydrogen is tlio standard element to which the 
atomic and molecular weights of all other bodies 
aro referred, wo say that tlio atomic weight of 
hydrogen is one , and, because of such reactions 
as those just stated, that the molecular weight of 
hydrogen is tiro. But if the molecular weight 
of hydrogen is two, the molecular weight of 
oxygen must be .' 12 , the molecular weight of nitro¬ 
gen must be 28, the molecular weight of hydro¬ 
chloric acid must bo 36-5, tlio molecular weight 
of hydrobromic acid must be 81, the molecular 
weight of ammonia must bo 34, and the mole¬ 
cular weight of water-gas must be 18 ; because 
oxygen is 16 times heavier than an equal volume 
of hydrogen, nitrogen is 14 times, hydrochloric 
acid is 18-25 times, hydrobromic acid is 40 , 5 
times, ammonia is 17 times, and water-gas is 9 
times, heavier than an equal volume of hydrogen. 

By such reactions and such modeBof reason¬ 


ing as these, we arrive at the following practical 
definition of the moleoular weight of a gaseous 
element or compound: —The molecular weight 
of a gaseous element or compound is a number 
which expresses how many limes greater than 
two unit masses of hydrogen is the mass of the 
specified element or compound which occupies 
{under the same comlitions of temperature and 
pressure) the same volume as is occupied by these 
two unit masses of hydrogen. 

Determinations of the sp. gravs. of gases are 
subject to several sources of error. But the 
values to be assigned to the combining weights 
of the elements, that is, the masses of the ele¬ 
ments which combine with one part by weight of 
hydrogen or 8 parts by weight of oxygen, can be 
determined with great accuracy. Now, it is 
ovident that tho molecular weight of an element 
: must be equal to the combining weight of this 
! element or to a simple multiple of this number, 

| and that the molecular weight of a compound 
must be equal to the sum, or to a multiple of the 
! sum, of the combining weights of its constituent 
elements; hence tho data which are required 
for an accurate determination of the molecular 
weight of an element are (i.) an exact determina¬ 
tion of the combining weight of the element, 
and (ii.) a measurement of the relative density 
of tho element in the stato of gas; similarly 
tho data which are required for an accurate 
determination of the molecular weight of a com¬ 
pound are (i.) exact determinations of the 
combining weights of the constituent elements, 
and (ii.) a measurement of the relative density 
of the compound in the state of gas. Thus, 
35*37 parts by weight of chlorine combine with 
, 1 part by weight of hydrogen, therefore tho 
: molecular weight of chlorine is 7i35-37; but a 
! given volume of chlorine is 35-5 times heavier 
i than an equal volume of hydrogen, therefore 
! the molecular weight of chlorine is approxi- 
I inately 35-5 x 2 = 71; now, 2 x 35-37 -- 70-74 ; 
j henco the molecular weight of gaseous chlorine 
is 70*74. Again, phosphorus hydride is com- * 
posed of masses of phosphorus and hydrogen 
united in the ratio 10-32 to 1, therefore the 
molecular weight of this compound is nll‘82; 
but this compound in the state of gas is 17 times 
heavier than hydrogen, therefore its molecular 
weight is approximately equal to 17x2 = 34; 
/low, 3 x 11-32 = 33-96 ; hence tho molecular 
‘weight of gaseous phosphorus hydride is 33-96. 

Having thus arrived, by tho helpof Avogadro’s 
generalisation, at a definition of molecular 
weight, and having determined that tho mole¬ 
cules of hydrogen, nitrogen, and oxygen, and of 
| some other elements, are very probably composod 
each of two parts or atortis, we proceed to find 
an 'exact meaning for the term atom. If the 
atom is assumed to bo the ultimate portion of 
any homogeneous kind of matter of which 
cognisance is to be taken in chemistry, then it 
is evident that a molecule of a compound gas, 
formed by the union of (say) three elements, 

A, B, and C, must be formed by the union of at 
least one atom of the element A, one atom of 
the element B, and one atom of the element 0. 

In general terms, no molecule of a compound 
gas can be formed by the combination of less 
than a single atom of each of the elements by 
the union of which the compoond in question is 
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produced. This ii equifalent to saying, the 
atom ol an element is the smallest mass of that 
element which oombines with other atoms to 
produce a molecule. 

We cannot as yet determine the absolute 
mass of the atom of any element, but we have 
agreed to call the mass of an atom of hydrogen 
unity, and to represent the masses of the atoms 
of other elements in terms of the atom of 
hydrogen; hence we arrive at the practical 
definition of the maximum atomic weight of an 
element as follows 

The maximum atomic weight of an element 
u a number which expresses how many times 
greater is the smallest mass of that element which 
combines with other elements to form a compound 
gaseous molecule , than the smallest mass of 
hydrogen which combines with other elements to 


114*485 times heavier than the Barao volume of 
hydrogen at the same temperature and pressure; 
therefore the relative density of any gas referred 
to air as unity multiplied by 14-435 x 2 ( - 28-87) 
gives the relative density of that gas referred to 
hydrogen as twico unity, that is, givos 
(approximately) the molecular weight of the 
gas. Let it now be required to determine the 
atomic weight of oxygen; the definition of 
atotnio weight tells that the molecular weights 
of several gaseous compounds containingoxygen 
must be determined, that these compounds must 
be analysed and the results in each case stated 
in parts by weight of each dement per molecule 
of the compound, and that tho smallest mass of 
oxygen thus found in any molecule is to bo taken 
as the atomic weight of oxygen. Here are some 
of the data which havo been thus accumulated:— 


Data for determining the atomic weight of Oxygen. 


Gaseous compound 

Sp. Or. air=1 

Sp. G r. x 28*87 ; i.e. 

approximate 
molecular weight 

Molecular 

weight 

Anuly.-is, stated in parts by wt. 
per mo'cuulu 

Carbon dioxide . 

1*53 

-MEMS 

43*89 

31*92 oxygen + 11*97 carbon 

Sulphur dioxide . 

2*25 


03-90 | 

81-92 „ + 31-98 sulphur 

Sulphur trioxide . 

2-9 

mm 

79'Hfi 

4788 „ +31-98 „ 


produce a compound gaseous molecule , such 
smallest mass of hydrogen being taken as unity. 

The term, and the conception underlying tho 
term, molecule, are applied to compounds and 
elements alike; the term, and the conception 


Were these the only known gaseous compounds 
containing oxygen we should conclude that the 
atomic weight of oxygen is 31-02, that of 
hydrogen being unity. But tho following numbers 
show that this conclusion is incorrect:— 


Data for determining the atomic weight of Oxygen. 


Gaseous compound 

Sp. Gr. air=l 

Sp.Gr.x 28-87; i.e. 

approximate 
molecular weight 

Molecular 

weight 

Analysis, stated in parts by wt. 
per molecule 

Carbon monoxide 

•97 

27-97 

28-93 

15*90 oxygen + 11*97 carbon 

Water . 

■63 

18-2 

17-91! 

15*90 „ + 2 hydrogen 

Nitric oxide . 

104 

300 

29-97 

15*90 „ +14*01 nitrogen 


underlying the term, atom, are applied in 
strictness to elements only. 

The foregoing definitions of atomic weight 
and molecular weight are practical, because 
they indicate the nature of the data which must 
be obtained before the atomic or molecular 
weight of a gaseous body can be found. Suppose 
it is required to find the molecular weight of 
oxygen; tho mass of this element which com¬ 
bines with unit mass of hydrogen must be 
accurately measured; and the relative density 
of oxygen gas must be determined, tho standurd 
of reference being hydrogen taken as twico 
unity. Now, the relative densities of gases are 
determined by experiments in tenps of air 
taken as unity; but a specified volume of air is 


These numbers show that at least three 
compounds exist the gaseous moleculo of each 
of which contains 15*90 parts by weight of 
oxygen; hence, as no molecule is known con¬ 
taining less than this mass of oxygen, 15-90 is 
taken as the atomic weight of oxygen. Before, 
then, the atomic weight of an element can be 
determined with a fair degree of probability a 
number of gaseous compounds of the element 
must bo analysed; if only'a few gaseous com¬ 
pounds of a specified clement are known it is 
probable that the value deduced,from analyses pf 
these compounds, for the atomic weight of the 
clement, is too largo; it certainly cannot be too 
small. Thus, let us consider the data for finding 
the atomic weight of aluminium;— 


Data for determining the atomic weight of Aluminium. 


Gaaeoas compound 

Sp. Gr. alr=l 

Sp. Gr.x 28-87; i.e. 

approximate 
molecular weight 

Molecular 

weight 

Analysis, stated in part* by wl 
per molecule 

Aluminium chloride 

9-35 

270-0 

266-28 

[ 5104 aluminium + 212-22 ehlorine 

„ bromide 

18-6 

537-5 

532-54 

64 04 „ +478-5 bromine 

„ iodide 

27-0 

780-0 

813-22 

54 04 „ + 759-18 iodine 
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Specific Beat* of the Solid Elements. * 


Sodium 

Magnesium 


„ i-ed 
Sulphur 
„ rhombic 


* Potassium 
Calcium 
Titanium 
•Chromium 
' Manganese 
Iron 



* Gallium 
Germanium 

Arsenic 

amorphous 

crystalline 


•Selenion 

amorphous 

trystalline 


Atomic 

Sp.ht. 

Ob- 

weight 

x at. wt 

server 

7-01 

ia 

R g. 

9-1 


He. 

10-9 

a a 

Wb. 

1197 

■ ■ 

Wb. 

23 

87 

Rg. 

24 

5-9 

Kp. 


6*0 

Rg. 

27-02 

Mm 

Kp. 



m\ 

28 

H 

Wb. 

0 30-96 

6-4 

n*. 

„ 

6-9 

Rg. 

„ 

6-2 

Kp. 

„ 

6-3 

Rg. 

31-98 

6-0 

D.P. 

„ 

6-2 

Kp. 

„ 

5-5 

Bn. 

39*04 

6-7 

Rg. 

6-5 

Rg. 

39-9 

6-8 

Bn. 

48 

7-1 

N.P. 

82-4 

5-2 

Kp. 

65 

6-7 

Rg. 

55*9 

6-3 

Kp. 

„ 

6-4 

up. 

„ 

61 

D.P. 

58-6 

6-3 

Rg. 

59 

6-3 

Rg- 

63*4 

GO 

Kp. 

*» 

61 

Rg. 

„ 

6-1 

D.P. 

64-9 

6-1 


„ 

61 

Bn. 

i, 

6-2 

Rg. 

„ 

G-0 

D.P. 

09 

5-4 

lit. 

72-3 

6-64 

N.P. » 

74-9 

6*7 

B.W. 

„ 

6-2 

B.W. 14 

74-9 

6 1 

Rg. 

» 

6-2 

N. 

78-8 

5-9 

Rg. 

M 

5-9 

Rg. 

„ 

60 

Rg. 

M 

C-8 

N. 



Rhodium 

Ruthenium 

Palladium 


Iodine 

Lantha¬ 

num 

Cerium 

Didymiiim 

Tungsten 

Osmium 

Iridium 

Platiuum 



6-5 

Kp. 

6-6 

Bn. 

6*6 

Kk. 

c-o 

D.P. 

6-2 

Kp. 

5-9 

Bn. 

c-o 

Rg. 

60 

D.P. 

6-94 

Kp. 

5-94 

Rg. 

6-8 

Kg. 

6-2 

Hd. 

6-3 

Hd. 

6-5 

Hd. 

G-0 

Kg. 

G-0 

Kg. 

6-2 

Kg. 

6-4 

Kp. 

6-3 

Kg. 

6-3 

D.P. 

G-4 

Rg. 

6-4 

Kg. 

6-8 

Kg. 

6-3 

Rg. 

C-5 

Kp. 

6 5 

Rg. 

6-5 

Kp. 

G-3 

Rg. 

6-4 

Nn. 

6-6 

7 , n. 


•0319 -78° to-40° 199-8 6'4 

•0335 UU3-6 6*8 

•0307, 206*4 6-3 

*0315 „ c-5 Kp. 

•03 u; 

•0305 208 

•0308 

•0276 232-4 

•028 | 240 

• When no temp, is given the determinations were made somewhere between 0° and 100°, tlie numbers in 
40 ^ 60 ^*** 11167 ** regarde,i M a PP loxil uateIy representing the mean specific heats for the tcmperature-iuterval 

b S Uum , Is ^! l . at calculated by Humpidge from a series of determinations, at temperatures 
Tajylng from 100 to 450 , made with a specimen of beryllium containing 09 2 per cent, of the metal. See further, 

• * * s P eo * heats of boron, carbon, and silicon are discussed ou p. 343 - 4 . 

apprmdmatelj^correct eratQfe ( + Is “ 0t glveu ,u Regnault ' ri P u P er » but judging from the context it appears to be 

• This number for chromium is probably ton low; see Kopp, A. Suppl. 3, 77 (note). 

The specimen of manganese employed contained a little silicon. 

• Spec, heat of molten gallium between 109° and 119°=-0802 (Berthelot; 111. [2] 31 229). 

heat ateo’rbed^forTfusion 118 8616111011 determined at high temperatures is abnormal, because of the large qunutity of 

‘‘Spec, heat of ciraqnium calculated by Mister and Dana from determinations made with a sumple containing 
known quantities of aluminium. • 

Tho specimen of molybdenum employed contained carbon. 

M 7( J^°- heat of gold uearl y constant from 0° to 600° : at 900° Bp. ht.=-0345, and at 1000°= 0352 (Violle, C. R. 


he specimen of thallium employed contained a little oxide., 

The numbers marked with | are probably too large. Sec Weber's papers referred to below. 

The names of the various observers are abbreviated in the table:— c 

Rg. stands for Rkunault.-IHs paperB on spec, heat are to he found in A. Ch. [ 2 ] 73, 6; [3] 1,129; 9,332 ;28, 261 ; 
- v 38, 129; 46, 257; 63, 6 : 67,427. 

Kp. „ Kopp , „ A. 126, 302 ; and do.Suppl. 3, 1 and 289. 

N. „ Neumann „ « P. 126,123. 

Bn. „ Bumn vi „ f P.141,1. 

nt " y EDEB „ .. P. 154, 307 (translation in P. M. [4] 4», 

D.P. . Dulong AND Prrrr „ „ a. Ch. 10, 395. [161 and 276). 

Bt. „ Berthelot „ „ c. r. 86,786. 

Jft * Millkbhasd _ m „ P. 163,71 (translation in P. M. [5] 1.109), 

B.w. „ BEriKXDOiirAND WDllneb,, „ P. 133, 293. 

M. D. M Mixter and Dana h „ a. 169.388. 

fin ” S'“ 0!i „ » B. 13,2319. 

N. P. „ NILBOK i»D P.TTKBUOX . , Z. P. C. 1, !7. 

JIU . KAU.tr . . C. N. 48, 171. 

g*. . ZuiiUBiun . B.U.H*. 

B*. . HSMrara* « . rr. W, 1. 
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As no other gaseous compounds of aluminium, 
except these three, have been prepared in a 
state of parity and analysed, we conclude that 
the atomic weight of this metal is not greater 
than 54-04 ; but as only three gaseous compounds 
of aluminium are known, it is not unlikely that 
the true value to be assigned to the atomic weight 
of this element is ^ 0 r ^ or <fco. The 
greater the number of compounds of a given 
element which have been gasilied and analysed, 
the greater is the probability that the value 
thence obtained for the atomic weight of tho 
clement represents the true value of this con¬ 
stant. 

Avogadro’s generalisation—equal volumes of 
gases contain equal number of molecules—places 
in the hands of chemists an instrument whereby 
they may determine tho relative weights of tho 
molecules of all gaseous or gasifiable compounds 
and elements, and tho maximum values to bo 
assigned to the atomic weights of all elements 
which form gaseous or gasifiable compounds. 
But at present the densities of only 14 ele¬ 
ments have been determined in tho gaseous 
state, and gaseous compounds of only 42 different 
elements have been prepared and analysed. 
Hence the application of the method introduced 
by Avogadro is limited. There arc two other 
methods of general applicability for determining 
tho values to be assigned to the atomic weights 
of elements; let us consider these methods briefly. 

In 1819 a paper was published by two French 
naturalists, Dulong and Petit, on the specifio 
heats of 13 solid elements, viz., copper, gold, 
iron, lead, nickel, platinum, sulphur, tin, zinc, 
bismuth, cobalt, silver, and tellurium (A. Gh, 
10, 395). 

The products obtained by multiplying tho 
generally accepted atomic weights of tho nine 
elements from copper to zinc in this list by the 
specific heats of these elements, and sub-multiples 
of the generally accepted atomic weights of the 
remaining four elements by the specific heats of 
these elements, had all nearly the same value. 
Generalising from these results, Dulong and 
Petit concluded that ‘ the atoms of all the sim¬ 
ple bodies havo exactly the same capacity for 
heat.’ This generalisation has, on the whole, 
been borne out by subsequent research. 

The table on p. 312 contains most of the 
woll-cstablished data regarding the specific heats 
of solid elements in so far as direct determina¬ 
tions are concerned. 

Tho values to be assigned to the specific 
heats of beryllium, boron, carbon, and silicon, 
have been the subject of many experiments and 
of much discussion: Nilson and Pettcrsson 
(B. 13, 1451; v. also C. N. 42, 297) made a 
series of determinations with a specimen of 
metallic beryllium containing about 5 per. cent, 
of beryllium and iron oxides. The following 
were the most important results:— 

Specific Ecat of Beryllium (Nilson Al’ettersson). 
Temp. iiiterral Hpee. lit. Spec. lit. x 9’1 Spec. lit. x U-tl5 
0°- 46 '3973 3 0 5-4 

0 -100 -4246 3-86 6'8 

0 -214 *475 4-26 6-4 

0 -300 -5055 4-6 6*9 

Nilson and Pettersson concluded from these 
numbers that the atomic weight of beryllium is 


13-65 ; but L. Meyer (B. 18,1780) Bhowed that 
the true values for the spec, heat of this metal 
at various temperatures, as calculated from the 
data summarised in the preceding table, are as 
follows:— 


Specific Heat of Beryllium (Meyer). 


Temp. 

Spee. lit. 

Increase in 
spue. lit. 
for l v 

Sp. lit. x 
8-1 

Sp. ht.: 
IS'03 

20‘2 l!) 

■3973 

•0U101 

302 

5-43 

73'2 

•4481 

•00085 

4-08 

6-12 

157 

•5193 

•00003 

4-73 

710 

250-8 

•5819 


5-29 

8-94 


These numbers show that the specific heat 
of beryllium increases as temperature increases, 
but that the rate of this increaso is considerably 
less for the interval 157° to 25(5° than for that 
of 20° to 157°. Humpidgc (Pr. 39,1), working 
with a specimen of beryllium prepared with 
great care and containing 99-2 per cent, of the 
metal and *7 per cent, of beryllium oxide, 
obtained tho following results:— 


Specific Heat of Beryllium (Humpidge). 


Temp. 

Spec, heat 

Spec, lit, x 8*1 

100° 

•4702 

4-28 

200 

■5420 

4-93 

400 

•6172 

501 

500 

•C206 

6-86 


Tho value approximates to a constant 
between 450° and 500°. Thero can now be 
little doubt that the specific heat of beryllium 
is considerably larger at high than at low 
temperatures, that this value is nearly constant 
at about 500° and upwards, and that at these 
temperatures beryllium is not an exception 
to the law of Dulong and Petit. (For more 
details v. Beryllium.) 

Very varying values had been obtained for 
the specific heats of tho three elements, boron, 
carbon, and silicon, before the researches of 
Weber. The following table summarises the 
chief results:— 

Specific Heats of Boron , Carbon, and Silicon 
(Weber’s numbers not included). 

(Tump, about SBP-fUpy 
Spec. beat. Sp. ht. x at. \vt. Observer. Date. 


Boron 

amorphous *251 

2-8 

Kp. 

1864 

crystalline * 2 R 0 

20 

ilo. 

do. 

» -252 

2-8 

M.D. 

1873 

„ -257 * 

2-8 

itg. 

I860 

gravhitic ’235 

2-6 

do. 

do. 

Carbon 

diamond -M3 

1-7 

B. W. 

1868 

„ *147 

1-8 

H?. 

1841 

,, *3(50 Temp, 20 o -1000° 

graphite *174 

4'4 

Dewar 


2-1 

». K &. 

1864 

„ -1K8 

23 

1868 

„ *188 

24 

«K- 

1868 

gas-carbon *105 

2‘0 

Kp. 

1864 

„ *186 

22 

II. W. 

1868 

,, *1»7 

2-4 

Rg. 

1841 

„ -32 Temp. 20°-1000° 

38 

Dewar 


Silicon 

fused *138 

3-8 

Kp. 

1864 

„ -ioo 

40 

Rg. 

1861 

crystalline 'ltiB 

4-6 

Kp. 

1864 

„ -171 

4-8 

11. D. 

1873 

„ -173 

4-8 

Rg. 

1861 


Weber, about 1872, made a careful series of 
determinations of the specifio heats of these 
three elements (P. M. [4] 49, 161 and 276); his 
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more Important results are presented In the 
following table 

Specific Heats of Boron, Carbon, and Silicon 
(Weber). 

Temp. Spec, lieivt. * 

Boiion crystalline' 

-40° -1915 

2*11 

It »» 

+ 77° -2737 

3*01 

»» 1* 

177° -3378 

3*72 

II tl 

233° *3(103 

403 

Carbon diamond 

-50° '0035 

0*70 

•i » 

+10° *1128 

1*35 

»» w 

85° *1705 

2T2 

H II 

250° *3020 

3*03 

t» II 

000° *4408 

5*20 

II It 

885° -4589 

5*51 

», graphite 

-50° *1438 

1*37 

ti n 

+ 10° *1004 

1*03 

•i »i 

01° *1900 

2*39 

n it 

201° *2000 

3-50 

it n 

250° *325 

3*88 

•» it 

041° *4454 

5*35 

ii ti 

978° *407 

5*50 

Porous wood carbon 

0°-23° *1053 

1*95 

II II 

0°-89° *1935 

207 

II II 

0°-223° *2385 

2*84 

Silicon crystallised 

-40° *130 

3*81 

II II 

+ 67° *1833 

513 

l» II 

128° *190 

5*50 ' 

II II 

184° *2011 

0'63 

II II 

232° *2029 

5*08 


These numbers show that tlio specific heats 
ot boron, carbon, and silicon increase as tempe¬ 
rature increases, but that, in each case, the 
value ot this increase tor a given tomperature- 
intorval is considerably less at high than at low 
tomperaturos. The observed variation in the 
rate ot increase of the speoific heat of crys¬ 
tallised boron 1 is nearly identical with the 
observed variation in tho rate of increase 
ot the specific heat of crystallised carbon 
for equal intervals of temperature up to 
230-250°; if it is assumed that this identity 
remains at higher temperatures, then the specific 
heat of crystallised boron 1 may be calculated, 
from the observations made with crystallised 
carbon, at temperatures up to about 1000°. The 
value thus calculated for tho specific heat of 
boron at 1000° is '50. Tho specific heat of 
crystalline silicon attains an almost constant 
value at about 230°. (For more details v. lloitos, 
Cakbon, Silicon.) 

Looking at the determinations of the specific 
heats of solid clemdl.ts as a whole, it appears 
clear that the spccifio heat of any element varies 
with tho temperature, and that tho relation 
between tho variation of specific heat and that 
of temperature differs for each element; and, 
moreover, that tho value of the specific heat of 
an element depends to some extent on tho 
physical condition of the element, hut there 
seems certainly to be an interval of tempera¬ 
ture for which the speoific heat of an element 
attains a constant, or nearly constant, value; 
this temperature-interval varies for each element, 
especially for tho non-motallio elements with 
small atomio weights; for many elements it 
may be approximately taken as 0° to 100°(C.). 

' T**®” Is, however, considernMe doubt whether the 
material used by Weber was pure boron. 


For this interval of temperature only can any 
element be said to obey the law of Dulong and 
Petit. . 

This law may now be stated in a practical 
form thus:— The atomic heat, i.e. the product of 
specific heal, at the temperature-interval for which 
sp. lit. is nearly constant, into atomic weight, of 
all solid elements is nearly a constant, the mean 
value of which is 6*4. If this is granted it 
follows that tho atomio weight of any solid 
element is approximately equal to the quotient 

spec heat ’ l )rov ^ e ^ ^at the specific heat of 

tho clement has been determined for a consider¬ 
able rang© of temperature, and, if the spccifio 
heat has been found to vary considerably with 
variations of temperature, that tho determina¬ 
tions have been continued until a constant, or a 
nearly constant, value has been obtained. 

Attempts have been made to dotermine the 
specilio heats of several elements by an indirect 
method. The method is based on the generalisa¬ 
tion, —‘ - -= a constant (about 6*4); where A = the 

formula-weight of a solid compound, C = the 
specific heat of tho compound, and n= the 
number of elementary atoms in the formula of 
the compound. This generalisation has been 
stated in various forms; tho earliest appears to 
bo that given by F. Neumann, in 1831: ‘The 
amounts of chemically similar compounds ex¬ 
pressed by their formula) possess equal spccifio 
heats * (P. 23, 1). The statement is some¬ 
times put thus: ‘ tho molecular heat of a solid 
compound is equal to the sum of the atomio 
heats of its constituent elements; * by * molecular 
heat ’ is here meant the product of tho spccifio 
heat of the compound into tho mass expressed 

by its formula. The form given above, — = a 

n 

constant, is tho outcome of investigations made 
principally by Gamier (C. 11. 35, 278; 37, 130), 
and Cannizzaro (Bl. 1803. 171). 

As an example of the application of this 
generalisation, to find a value for the specific 
heat of an element in the solid form, let us take 
Kopp’s calculation of the specific licat of solid 
chlorine [A.Suppl. 3,321). The data are these:— 
molecular heats (as defined) of metallic haloid 
salts: 11CU12-8, ltllr -13-0, 1U = 13-4; RC1 2 =» 
18-5, 1112=19*4. In each case It represents one 
atom of a metal the atomic heat of which is 6*4. 
The atomic heat of solid bromine--atomic heat 
of solid iodine = GO (approximately). Now, a 3 
the metallic chlorides, bromides, and iodides, 
examined aro chemically similar, and as the 
‘molocular heats ’ of the similar salts are nearly 
the sf?me, Kopp has concluded that the atomio 
heat of solid chlorine is approximately equal to 
G’4. This conclusion is in keeping with the 
observed values; thus: 11C1 (12*8)-li(6*4) = 

6-4; RCL(1B*5)-R(G*4) = 12*1, and i|l=6-05. 

Further data aro presented by the following 
‘ molecular heats ’: KC10 s = 24-8, KAsO, = 25-3. 
The argument here is, that as these values are 
nearly the same, and as the difference in com¬ 
position between the two oompoundsiBiepresented 
by the exchange of Cl for As, it follows that the 
atomic heat of solid ohlorine is approximately 



ATOMIC AND MOLEOULA.R WEIGHTS. 846 


equal to that of arucnio; but the atomio heat of 
arsenic, as determined by direct experiment, is 
6*1, hence the atomio heat of solid chlorine is 
approximately equal to 6*1. 

Tins indirect method often leads, as might 
be expected, to several values for the specific (or 
atomic) heat of an clement. Thus, from determina¬ 
tions of the ‘molecular heats’ of various oxides 
and other salts containing metals the atomic heat 
of each of which has been directly determined to 
be approximately 6*4, the following values for 
the atomic heat of solid oxygen are arrived at: 
From RO 4*G 

„ li0 2 3-7 

„ RjjOji 4-8 

„ KAsO, 4-2 

,, KC10 4 3*5 (assuming at. lit. of Cl = 6) 

„ KMn0 4 3-8 

The mean of these values is 4*1. 

The indirect method of finding the atomic 
heat of an element is undoubtedly useful, but 
no great stress can bo laid on conclusions ar- 
rived at by this method only. It is certain that an ! 
erroneous conclusion regarding the value of the 
atomic weight of an element may bo deduced 
from measurement of the specific heats of solid 
compounds of that element. For example, 
Donath determined the specifio heat of uranoso- 
uranic oxide to be -0798 ( B. 12, 742); assuming 
the specific heat of solid oxygon to be 0*25 

^ - the specific heat of uranium was calcu¬ 
lated to be *0497; now *0497 x 120 = 5*90, there¬ 
fore, as analyses of compounds had proved that 
the atomic weight of uranium is *»120, it was 
concluded by Donath that the atomic weight of 
uranium is 120. But pure metallic uranium 
was prepared shortly afterwards, and the specifio 
heat of this metal was directly determined to be 
•028; now -028x120 = 3*3, but •028x210 = 0*0; 
lienee the atomic weight of uranium is much 
more probably 210 than 120. The larger value 
(240) lias been confirmed by the preparation 
and analyses of two gaseous compounds of 
uranium (y. regarding this subject, Kopp, B. 
19, 813). 

The following statements fairly summarise 
the results of the determinations of the atomic 
heats of the elements : 

I. Solid elements , 45 in number , the specific 
heats of which have been directly determined, 
and the atomic heats of which are all approxi¬ 
mately equal to 6*4: Li, Na, Mg, Al, P, 8, K, 
Ca, Ti, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Zr, 
Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Te, I, La, Ce, 
Di, W, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Th, U...(Cr). 

II. Solid elements' 0 in number, the specific 
heats of which have been directly determined, and 
vary considerably with temperature,and theatomic 
heats of which appear to be approximately equal 
to 6*5: Ga (? inaccurately determined), Be, B, 
C, Si. Ge. 

III. Solid elements, 5 in number ^ihc specific 
heats of which have been indirectly determined 
and the atomic heats of which are probably 
approximately equal to 0*4 : V, Rb, Sr, Cs, Ba. 

IV. Gaseous elements ; specific heats in solid 
form very doubtful, and apparently variable : 
H, (F), N, O, Cl. 

It has been already shown that the applioa- | 


tion of Avogadro’s law enables a maximum 
value to be found for the atomio weight of any 
element which forms one or more compounds 
gasifiablo without decomposition. The maxi¬ 
mum value thus found for the atomio weight 
of aluminium was 54*01; but as this value was 
based on analyses of only three gaseous com¬ 
pounds, it was asserted that thetrue value was pos¬ 
sibly one-half or one-third, drc. of this number. 
Now, the specific heat of aluminium lias been de- 
terminod to be *22 ; hence, assuming the law 
of Dulong and Petit, the atomio weight of 
aluminium must be approximately equal to 30 
(30 x *22 = 0*6); therefore tho value 6 ‘ a 01 =- 27*01 

I is assigned to the atomio weight of this metal. 
The maximum values assigned to the atomio 
weights of iron (111*8), copper (120*8), and 
gallium (138), by the application of Avogadro’s 
law have, in each case, been halved whon 
determinations have been made of the specifio 
heats of these metals. 

Various observations on tho connexions 
between the chemical composition and the 
crystalline form of solid compounds had been 
made previous to tho year 1819, in which year 
the*law of isomorphism’ was propounded by 
E. Mitschorlich; this law was subsequently 
modified and extended, and in 1821 Mitscherlich 
stated it as follows: ‘ Equal numbers of atoms 
similarly combined exhibit the same crystalline 
form; identity of crystallino form is indepen¬ 
dent of the chemical nature of tho atoms, and 
is conditioned only by tho number and eon- 
figuration of the atoms.’ Further research has 
shown that Mitscherlich’s statement was too 
absolute. On the one hand, many solid com¬ 
pounds aro known, tho atomic compositions of 
which arc very similar, and which, nevertheless, 
crystallise not only in different forms, but in 
different systems, thus: 

PbCr0 4 is monoclinic, but PbMo0 4 is quadratic; 

[ AgCl and AgBr arc regular, but Agl is hexagonal; 
lvNOj is rhombic, but CsNO a and ltbNO, are 
hexagonal. 

On the other hand, many solid compounds 
crystallise in identical or very similar forms, 
and nevertheless exhibit unlike atomic compo¬ 
sitions; thus the crystalline form of tho following 
salts is the same: K.,TiF ( li a O, CuTiF^H^O, 
K,NbOF,H,0, CuNbOE,lII,0, K*W0*F 4 H 2 0, 
CuW 0 2 F 4 4!L0. Many ammonium salts crys¬ 
tallise in tho same forms as the corresponding 
salts of potassium, but th^number of atoms in 
one formula-weight of these salts is different. 
It is indeed somewhat difficult to give an exact 
meaning to the expression ‘isoniorphuus crys¬ 
tals ; ’ by this phrase some naturalists mean 
crystals any one of which is capable of growing 
in unmodified form when immersed in a solution 
of any other (Kopp, 7?. 12, 900 et scq.) ; others 
include crystals belonging to the same system 
but exhibiting very small differences in the 
measurements of their angles, e.g . the rhombo- 
hedral carbonates of magnesium, calcium, iron, 
zinc, and manganeso; others even include 
crystals which very closely resemble each other 
but yet belong to different systems. The fact 
that the same compound may crystallise in two, 
or even three, distinct forms, further compli¬ 
cates the connexion between isomorphism and 
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chemical composition; thus, arsenious oxide, 
As.O„ and antimonious oxide, Sb 4 0„ both crys¬ 
tallise in regular octahedra and also in rhombic 
forms; titanium dioxide, TiOp crystallises in 
two forms belonging to tho quadratic system, 
but exhibiting very different relations of crys¬ 
talline axes, and also in a third form, viz. 
rhombic prisms. 

The constituents of isomorphoua compounds 
aro sometimes themselves isoraorphous; e.g. tho 
double compounds 3Ag..S.Sb 2 S 3 and 3Ag.,S.As 2 S 3 
crystallise in identical forms, and the sulphides 
Sb a S 3 and As.^Sg also crystallise in identical 
formB. On the other hand, the constituents of 
isoraorphous compounds aro sometimes not 
isomorphous; e.g. the sulphates of magnesium, 
nickel, and zinc, crystallise in rhombic forms, 
but the oxides of magnesiumand nickel crystallise 
in regular, and oxido of zinc, in hexagonal, 
forms. Isomorphism is sometimes not shown 
in comparatively simple analogous compounds of 
two elements, while tho more complicated ana¬ 
logous compounds of the same elements crys¬ 
tallise in identical or very similar forms; e.g. 
many of the simpler compounds of cadmium aro 
not isomorphous with the analogous compounds 
of the magnesian metals (Mg, Ca, Mn, Fc, Co, 
Ni, Zn, Cu), but the comparatively complex 
salts of cadmium, such as C(180 4 .KgS0 4 .6iig0, 
are usually isomorphous with the analogous 
salts of tho metals named. Hence it is neces¬ 
sary to distinguish strict isomorphism as applied 
to bodies which exhibit tho same or nearly tho 
same crystalline form, from tho isomorphism of 
bodies which, although thomselves crystallising 
in different forms, nevertheless combine with 
one and tho same third body to produce com¬ 
pounds into which they enter as corresponding 
elements or groups, and which crystallise in tho 
samo forms (o. Kopp, Lchrbuch tier Physikal. 
Chcmie, 2, 141). Tho crystalline forms of 
several elements havo been determined, but the 
statement that such or such elements form an iso¬ 
morphous group usually means only that ana¬ 
logous compounds of these elements aro for the 
most part isomorphous (t>. Isoaronpiusai). 

Notwithstanding the many qualifying clauses 
with which any general statement of the con¬ 
nexion between crystalline form and chemical 
composition must, at present, be guarded, it has 
frequently been found possiblo to uso the 
knowledge we havo of the connexion in question 
aB a guide in researches concerning the atomic 
weights of clcmentsTIn these cases it is assumed 
that, as a general rule, those masses of two 
bodies which can mutually replace each other , 
in compounds without chango of the crystalline 
form of tho compounds, or in other words those 
masses which are crystaliographically equivalent, 
have similar atom ic compositions. By compounds 
of similar atomic composition is hero meant 
compounds which aro very analogous in their 
chemical relations, and the formuho of which 
contain equal numbers of atoms, or groups of 
atoms which react through series of changes as 
if each wero a singlo atom. 

Now, if the atomic weight of a specified 
element is known, and if experiment shows 
that the mass of this element expressed by its 
atomic weight is crystaliographically equivalent 
10 x unit masses of another element, it follows 


that the value of x is very probably the value 
of the atomic weight of the second element. 
Thus, the facts that gallium sulphate formed 
a double compound with ammonium sulphate, 
and that this doublo sulphate was isomorphoua 
with the alums, indicated that the double sul¬ 
phate in question was a true alum; hence the 
general formula which expresses the composi¬ 
tion of alums expresses the composition of the 
double sulphate of gallium and ammonium. The 
formula in question is X.,3S0 4 .M.,S0 4 .24H. i 0, 
whore M = an alkali metal or thallium; but in 
common alum X 2 = Al 2 = 2 x 27’02 parts by weight 
of aluminium; and in gallium alum X^ was 
experimentally determined to be 138 parts by 
weight of gallium. Hence, as two atoms of 
aluminium were replaced by 138 unit masses of 
gallium without change of crystalline form, and 
as tho aluminium and gallium compounds wero 
very similar in their chemical relations, the 
conclusion was drawn that 138 represents the 
relativo weight of two atoms of gallium ; there¬ 
fore the value *jp = 69 was deduced for the 
atomic weight of gallium. This number was 
afterwards confirmed by analyses of gaseous 
gallium chloride, and by determinations of the 
specific heat of the metal. It was at one time 
supposed by n. Hose (P. 108, 273) that a 
metal existed closely allied to, but not tho same 
as, niobium; but Marignao (A. Ch. 00,257) found 
that compounds obtained from this hypothetical 
metal were isomorphous with the corresponding 
compounds of tin and titanium, and that the 
groups of atoms SnF and TiF could be replaced 
by an atom of ltose’s 1 hyponiobiuru ’ without 
chango of crystalline form. Hence Marignao 
suggested that ‘ hyponiobium * was a compound; 
and, because of various reactions, that it was 
a compound of niobium and oxygen in the pro¬ 
portion expressed by the formula NbO, where Nb 
has the value 94. If this were admitted it 
followed that tho groups NbO, SnF, and TiF, 
were crystaliographically equivalent in various 
compounds; but if so, it also followed, from 
analyses of the various compounds, that one 
atom of tin (= 117*8 parts by weight), and one 
atom of titanium (-48 parts by weight), were 
replaced by 94 parts by weight of niobium in 
isomorphous compounds; therefore the atomic 
weight of niobium was 94. This value was con¬ 
firmed by determinations of the relative densities, 
and by analyses, of the gaseous chlorido and 
oxychloride of niobium. In this case the com¬ 
parison of the crystalline forms of compounds 
led at once to a determination of tho atomic 
weight of an element, to a proof of tho non- 
oxistonce of a hypothetical metal, and to the 
recognition that a body supposed to be an element 
was really a compound. An analogous case is 
furnished*by lioscoe’s researches on vanadium; 
in this case also the study of isomorphism led to 
the correct determination of tho atomic weight 
of vanadium, and to tho discovery that the body 
supposed to bo vanadium was in reality a 
compound of this metal with oxygen (2’. 1808, 
let scg.). 

No practical definition of the atomio weight 
of an element can be givon in terms of the data 
of isomorphism. The foregoing examples serve 
to show how these data are applied to supple¬ 
ment those gained by the analyses of gaseous 
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compounds, and by determinations of the Bpeoifio 
heats, of the elements. 

If the atomio weight of caloium is known, 
(hen the isomorphism of the carbonates of Mg, 
Sr, Ba, Pb, Mn, Zn, and Fe, with the carbonate 
of calcium, helps to fix values for the atomic 
weights of these 7 elements; the isomorphism 
of the sulphates of Co, Ni, and Cn, with sul- 
kate of iron gives data from which values may 
e deduced for the atomic weights of Co, Ni, and 
Cu; values are found for tho atomic weights of j 
T1 and Ilg from considering compounds of these ■ 
elements isoinorphous with corresponding com¬ 
pounds of Pb; similarly, Zn and Cd—Fc, Al, and 
Cr—form many isoinorphous compounds; many 
manganates are isormorphous with solenates 
and chromates, some chromates are isoinorphous 
with molybdates and tungstates, permanganates 
are frequently isoinorphous with perchlorates 
and periodates, hence values are found for the 
atomic weights of Se, Cr, Cl, and I, and also for 
Mo, and W; from copper wo pass to Bilver 
through tho isomorphism of Cu 2 S and Ag.S; 
silver leads on to sodium and the alkali metals 
on the one hand and to gold on tho other hand; 
the compounds KS._. and RAs* are isoinorphous, 
hence conclusions can be drawn regarding tho 
atomic weight of As, and from this the passage 
is easy to conclusions regarding the atomio 
weights of P, V, Sb, and Bi; iron is connected 
with Ti, and this with Si, Zr, Sn, and Th; lastly, 
given the atomic weight of Pt, Ir, Pd, Tto, llu, 
or Os, values can be assigned to the other metals 
of this group from a study of the composition 
of isomorphous compounds of these metals. 
Thus it is seen how helpful is the study of iso¬ 
morphism in determining the atomic weights of 
the elements. 

These then are tho three generally applica¬ 
ble methods whereby values may be found for 
the atomic weights of the elements: tho method 
founded on the law of Avogadro; tho method 
based oil the study of the specific heats of solid 
elements; and the method which considers tho 
relations between the chemical composition and 
the crystalline form of similar compounds. 
The first of these methods can he applied to 
determine the atomic and molecular weights of 
elements and tho molecular weights of com¬ 
pounds, but tho application is restricted to 
bodies which aro gasifiablo without decomposi¬ 
tion ; the second and third methods can be 
applied, strictly speaking, only to find values 
for the atomic weights of solid elements or of 
elements which form solid compounds. 

All the methods arc essentially physical; they 
are based on physical conceptions,and they are to 
a great extent developed by physical reasoning. 

The conception of the molecule of a gaseous 
element or compound which is implied in the 
statement, ‘ equal volumes of gases contain equal 
numbers of molecules,’ is wholly physical. The 
imago of the molecule which this statement calls 
up in the mind is that of a small definite por¬ 
tion of matter ‘ which moves about as a whole 
•o that its parts, if it has any, do not part 
company during the motion of agitation of the 
gas * (Clerk Maxwell). It is when this con¬ 
ception is applied to chemical changes that we 
are forced to admit that in many of these 
changes the parts of molecules do part company; 


I thus we are led to the chemical conception of 
tho atom, as a portion of matter smaller than 
the molecule, and either itself without parts, or 
else composed of parts which, so far as we 
j know at present, do not part company during 
I any of the changes which the atom undergoes. 
Thon wo proceed* to study tho properties of 
these atoms; and among tlicso properties we 
seem to find two of great importance; the pro¬ 
perty namely which is expressed in the state¬ 
ment that tho atoms of all solid elements, at 
certain temperatures, have equal capacities for 
heat; and tho property which may bo expressed 
in the statement that identity of crystalline 
form among compounds is usually accompanied 
by equality in tho number of atoms of which the 
chemically reacting masses of these compounds 
are composed. 

But here we ask: Aro the molecules of iso- 
morpkous compounds built up of equal numbers 
of atoms? Can the physical conception of 
molecule, which has been gained by tho study 
of gaseous phenomena, 1)0 applied to solid com- 
pounds ? And the answer at present is : it is 
those small masses of isoinorphous compounds 
which take part in chemical reactions, which as 
a rule, are composed of equal numbers of atoms. 
The physical definition of molecule cannot, in 
the presont stato of knowledge, bo safely applied 
to solid and liquid bodies. Thus we seem to 
arrive at two conceptions, and two definitions, 
of tho molecule. On the one side we have the 
physical conception, as that of a small mass of 
a gaseous element or compound which moves 
about as a whole, and the parts of which do not 
! part company during the motion of agitation of 
the gas; and on the other side we have the 
chemical conception, as that of the smallest mass 
of an element or compound which takes part in 
a chemical chango, and which exhibits the pro¬ 
perties of tho specified element or compound. 

Tho first of these definitions holds good 
whether the small particles of a gas are them¬ 
selves composed of smaller particles, or are 
chemically indivisible. Tlio volume occupied by 
a number of gaseous molecules is independent 
of the numbers of atoms which by their union 
form these molecules: in one case a gaseous 
molecule may consist of a single atom (Ilg and 
Cd), in another case ft gaseous molecule may bo 
formed by the union of 2 atoms (ilCl), .'1 atoms 
(H a 0), 9 atoms (C x H rt O), 11 atoms (C a H tt O a ), or 
a much larger number of atoms; but in every 
case, equal volumes of fluegases contain equal 
numbers of molecules. But we know of no 
single property of liquid and solid compounds 
which is similarly independent of the number 
of atoms forming the atomic complex or react¬ 
ing chemical unit of the compound. 

Let us consider the conception of the chemi- 
i cally reacting unit or collocation of atoms a 
! little more closely. We have already seen that 
the application of the empirical laws of chemical 
combination could not lead to final determina¬ 
tions of the atomic weights of elements, because 
these laws could not enable chemists to deter- 
mine which of several values should bo given to 
the smallest mass of a compound capable of ex¬ 
hibiting the properties of that compound. The 
value 8, 10, 21, Ac. would be assigned to the 
atomic weight of oxygen, according as the 




848 ATOMIC AND MOtEtiUL AR WfertiftTa 


4 Atom' of water—that ii, in Daltonian language, 
tbe smallest mass of water which exhibits the 
properties whereby water is distinguished from 
all other kinds of matter—was assumed to bo 
9,18, 27, &c. times heavier than the atom of 
hydrogen. But a study of the properties of 
water leads to the conclusion that the * atom ’ of 
water very probably contains two atoms of hy¬ 
drogen and one of oxygen, and that the atomic 
weight of oxygen is therefore more probably re¬ 
presented by the number 16 than by the number 
8. Thus, if 9 grams of water react with 
chlorine or bromine in sunlight 8 grams of 
oxygen are evolved, and 30*5 grams of a com¬ 
pound of hydrogen with chlorine, or 81 grams of 
a compound of hydrogen with bromino, are pro¬ 
duced ; in the former case, the 36 - 5 grams of the 
chlorine compound are proved by analysis to be 
composed of 35-5 grams of chlorine and 1 gram 
of hydrogen; in the latter case, the 81 grams of 
the bromine compound are proved to be com¬ 
posed of 80 grams of bromine and 1 gram of 
hydrogen; in both cases the whole of the oxygen 
of the 9 grams of water is removed from com¬ 
bination with the hydrogen and makes its ap¬ 
pearance as free oxygen. Again, if 9 grams of 
water are acted on by potassium, *5 grams of 
hydrogen are evolved, and 28 grams of a com¬ 
pound of potassium, hydrogen, and oxygen, con¬ 
taining 8 grams of oxygen— i.e. all the oxygen 
originally combined with hydrogen in the 9 
grams of water—are at the same time produced; 
if these 28 grams of the new compound are dried, 
fused, and, while molton, are acted on by potas¬ 
sium, ‘5 grams of hydrogen aro evolved, and 47 
grams of a new compound of potassium and oxy¬ 
gen are produced, which 47 grams contain the 
whole of the oxygen (i.e. 8 grams) originally 
combined with liydrogen in the 9 grams of 
water. These experiments prove that the hydro¬ 
gen in a specified mass of water can be removed 
from that mass of water in two equal portions, 
but, bo far as those experiments go, that the 
oxygen in the samo mass of water is either not 
removed at all, or is wholly removed, from com¬ 
bination with hydrogen. Hence the conclusion 
is drawn that the smallest reacting mass of 
water contains one chemically indivisible mass 
of oxygen, but two chemically indivisible masses 
of hydrogen. But masses of hydrogen and oxy¬ 
gen are combined in water in tho ratio 1:8; 
hence, if the smallest reacting mass of water is 
composed of 2 smallest parts, i.e. atoms of hydro¬ 
gen, and one smallest part, i.e. atom, of oxygen, 
it follows that the atomic weight of oxygen is at 
least 16, that of hydrogen being unity, and that 
the relative mass of the smallest reacting portion, 
that is tho reacting weight, of water is repro- 
Bented by the number 18, not by tho number 9. 

What value is to be assigned to the reacting 
weight of marsh gas? Masses of carbon and 
hydrogen combine to form marsh gas in the 
ratio 3:1 ; hence the value we are seeking can¬ 
not bo less, but may be greater, than 4. If 4 
grams of marsh gas are acted on by olilorine, a 
series of 4 compounds is produced ; tho first of 
these compounds contains clilorino and hydrogen 
combined with carbon, the masses of carbon and 
hydrogen being in the ratio 3: -76 ; the second 
and third contain the same three elements, in 
the second the carbon and hydrogen Are in the 


ratio 8: ’5, and in the third in the ratio 8: *25; 
the fourth is a compound of the whole of ths 
oarbon originally combined with hydrogen in 
the 4 grams of marsh gas with chlorine, and con¬ 
tains no hydrogen. If now 4 grams of marsh 
gas are burnt in a plentiful supply of oxygen 
11 grams of carbon dioxide are produced, or if 
the same mass of marsh gas is burnt in a limited 
supply of oxygen 7 grams of carbon monoxide 
are produced; in each case the oxide of carbon 
formed contains the whole of the carbon origi¬ 
nally combined with hydrogen in the 4 grams of 
marsh gas used. No compound has yet been 
obtained from 4 grams of marsh gas containing 
a smaller mass of carbon than was originally 
present in the marsh gas, i.e. containing less 
than 3 grams of carbon. The conclusion drawn 
from these experiments is that the smallest mass 
of marsh gas which can tako part in chemical 
changes is itself most probably composed of at 
least 4 atoms of hydrogen combined with at 
least one atom of carbon ; but if this is granted 
it follows that an atom of carbon is 12 times 
heavier than an atom of hydrogen, and that the 
reacting weight of marsh gas is represented by 
a number certainly not smaller than 16. 

Wo have thus determined, on chemical 
grounds and by chemical reasoning, the follow¬ 
ing values for the atomic weights of two ele¬ 
ments: (H = l) C = 12, 0 = 16. Now let us 
consider a compound of these elements. The 
simplest formula that can be given to acetic acid 
consistently with tho values H = l, C = 12, 
0 = 16, is CHoO. If this acid is neutralised by 
soda, and the sodium salt so formed is analysed, 
this salt is found to be composed of the same 
masses of carbon and oxygen, combined with £ 
the mass of hydrogen, which were present in 
the mass of acid used; hence the smallest re¬ 
acting mass of acetic acid must contain at least 
4 atoms of hydrogen. But if this is granted 
it follows, from the fact that the elements are 
combined in the ratio C:21i:0, that this smallest 
reacting mass must also contain at least 2 atoms 
of carbon and 2 atoms of oxygen, and that the 
formula expressing the composition of the re¬ 
acting weight of the acid in question must be 
written C,jH 4 0 2 . Further evidence in support 
of this conclusion is afforded by the preparation 
of thio-aceticacid, which is composed of carbon, 
liydrogen, oxygen, and sulphur, the carbon and 
hydrogen being present in the same ratio as in 
acetic acid, but the oxygen being present in the 
ratio of 16 to 4 liydrogen (i.e. 0:411), and the 
sulphur in the ratio 32 to 4 hydrogen. Now the 
atomic weight of sulphur is almost certainly 32; 
hence the simplest formula which expresses the 
composition of the reacting weight of thio- 
acetifi acid is C.H^OS. In this case, £ of the 
oxygen of iho reacting weight of acetic aoid i3 
replaced by sulphur without any further change 
in the composition of the acid; hence, there must 
be at least 2 atoms of oxygen in the reacting 
weight in question, because atoms aro (by defi- 
nition) chemically indivisible. 

This is an example of the general proposition 

that when i of a constituent element of the 
n 

reacting weight of a given compound can be re¬ 
placed by another element without any other 
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ihango In tho composition of the original sub¬ 
stance, it follows that the reacting weight in 
question must contain at least n atoms of the 
element which has been removed; and that if 
the atomic weight of the replacing element is 
known, it is easy to calculate, from the com¬ 
position of the original Bubstance, the masses of 
the other constituents which must bo present 
united with the 71 atoms of the specified element, 
and hence to assign a minimum value to the 
reacting weight of the original substance. 

When a formula has been assigned to a 
compound by such chemical methods as those 
now sketched, it is frequently possible to argue 
from this to the formula) of similar compounds. 
Thus, tho properties and tho methods of forma¬ 
tion of sulphide of hydrogen show that this com¬ 
pound is similar to oxide of hydrogen (water); 
but if tho reacting weight of water is repre¬ 
sented by the formula 1J.,0, that of sulphuretted 
hydrogen is probably represented by the formula 
H Z S; again, tho marked analogies between tho 
sulphide, selenide, and telluridc, of hydrogen 
suggest that these compounds have similar 
compositions; but if tho first named is H..S, tho 
others are probably H z Se, ami ILTe, respec¬ 
tively. If these formula) are admitted, values 
are at once found for the atomic weights of tho 
three elements, sulphur, selenion, and tellurium. 
Again, the metal magnesium reacts with water 
in the ratio of 2-1 parts by weight of the metal 
to 18 parts by weight of water, tho products of 
this action being, (1) an oxide of magnesium 
containing 10 parts by weight of oxygen united 
with 24 parts by weight of magnesium, and (2) 
two parts by weight of hydrogen; hence, as 
the reacting weight of water is represented by 
the formula 11,0, that of magnesium oxide is 
probably represented by tho formula MgO,whero 
Mg = 21 parts by weight of magnesium; and henco 
the atomic weight of magnesium is probably 24. 

Tho chemical methods for determining tho 
atomic weights of elements then lead to a defi¬ 
nition of atomic weight which may be stated 
thus: the atomic weight of an element is a 
number which tells how many times greater is 
tho smallest mass of that element found in tho 
chemically reacting weight of any of its com¬ 
pounds than tho smallest mass of hydrogen 
found in tho chemically reacting weight of any 
compound of hydrogen, such smallest mass of 
hydrogen being takeu as unity. The dilliculty 
in applying this definition lies in tho vagueness 
of the expression * the chemically reacting weight 
of a compound.’ This expression cannot ho de¬ 
fined; the illustrations already given indicate 
the interpretation usually put upon it, and also 
tho methods whereby approximately accurate 
values are obtained for it in special cases. • 

The physical conception of molecule is clear, 
and admits of being put into words vftiich have 
a definite quantitative meaning; this conception 
leads to that of tho atom, the definition of 
which may also bo put into a quantitative form. 
But tho definition of the molecule is strictly 
applicable only to gases; hence arises the need 
of a subsidiary definition. We conceive, chemical 
changes occurring among liquid and solid bodies 
as occurring among the smallest particles of 
these bodies which are capable of existing as 
wholes and of exhibiting the properties of the 


bodies in question. These smallest particles we 
may call the chemically reaoting units, or the 
reacting weights, of the bodies; they are gene¬ 
rally called molecules; but if we use this term 
wo must not forget that it is employed in a 
somewhat vague manner, and without the strict 
quantitative signification whioh is attached to it 
when we speak of tho molecule of a gas. 

It seems probable that the mass of the 
chemically reacting unit of a compound varies, 
within certain not very wide limits, in different 
reactions. This mass must of course always be ex¬ 
pressed by a whole multiple of a certain number ; 
but it is probable that the value of tho multiple 
varies. Thus many of the reactions of potassium 
permanganate can be simply expressed by 
assigning to the reacting weight of this salt the 
formula KMn0 4 ; but other reactions indicato 
that this formula should bo doubled and written 
K.Mn 2 O h . Again, periodic acid generally reacts 
as if the smallest particle which exhibits the 
chemical properties of this acid had tho inass 
228, and were composed of hydrogen, iodine, 
and oxygen, combined as shown in the formula 
H,10„; but some of tho reactions of periodic 
acid arc moro simply explained by doubling the 
formula, and writing it II lu LO, 2 . Indeed, even 
in tho case of gaseous clomonts and compounds, 
wc have sometimes direct evidence tc show that 
tho molecular weight of tho gas varies with 
variations of temperature. Consider, for in¬ 
stance, tho following data:— 


Spec. gray. 

of Iodine gas (Air -1). 

Pressure 

Temperature 

Bp. Kr. 

700 mm. 

448° 

8-74 

„ 

855 

8-07 


'S f1275 

5-82 


E 1470 

S L1250 

6-00 

7G mm. 

4-72 

Spec. gray. 

of Sultiiuii gas (Air--1). 

Pressure 

Temperature 

Sp. trr. 

700 mm. 

520° 

662 


660 

203 


800 

2*23 

(cf. Sulphur, vol. iv.) 

i 

Spec. gray, of 

■ Acetic acid oar 

(Air - 1). 

Pressure 

Temperature 

Kp. nr. 

700 mm. 

124° 

3*20 


130 

311 


160 

2*48 


230 

200 

” 

280* 

2 08 


338 

208 


•EC. GRAY. 

of Nitrogen tktkoxide gas (Air 

Pit?!- me 

Temperature 

Bp. er. 

125 mm 

-6° 

301 

138 „ 

+i 

2-84 

760 „ 

70 

1-03 


135 

1-60 

»» ♦» 

185 

1'57 


Tho density of iodine gas would be 8-77 if 
the composition of tho molecule were repre¬ 
sented by I,., and 4 38 if the composition of tlw 
molecule were represented by I: the number! 
given point to the existence of molecule! 
having the composition \. t at comparatively low 
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temperatures, and having the composition I at 
high temperatures when the gas is under a 
small pressure. The numbers given for sulphur 
gas suggest the existence of molecules S fl at tem¬ 
peratures from b.p. to c. 550°, and of molecules 
S 2 from c. 650° to c. 1000° ; but more recent re¬ 
sults throw considerable doubt on the accuracy 
of this conclusion ( of . Sulphur, vol. iv.) In 
the case of acetic acid gas, experiments indicate 
tho existence of two different molecules; the 
data point to tho existence of tho molecules 
(1,11,0* (calculated sp. gr. = 2*08, air=l) at 
about 230° and upwards, but to the existence of 
heavier molecules, C 3 H (i O., (calculated sp. gr.= 
3T2, air = l), at about 120°-130°. Lastly, tho 
existence of tho molecules N 2 0 4 (calculated 
sp. gr. = 3T8) in gaseous nitrogen tetroxido at 
low temperatures and pressures, and of tho 
moleoules N0 2 (calculated sp. gr. «1*59) at 
higher temperatures, is indicated by the numbers 
which represent tho obsorved relative densities 
of this gas. Tho sp. gravs. of some gases slowly 
decrease as temperaturo rises until a value is 
attained which remains constant throughout a 
considerable interval, c.g. iodine, acetic acid, 
nitrogen tetroxidc, gases; in other cases the sp. 
gr. remains nearly constant throughout a con¬ 
siderable range of temperature, and then rapidly 
decreases until another constant value is reached, 
which again remains constant for a considerable 
temperature-interval, e.g. sulphur gas (v. Dis¬ 
sociation, also Allotropy, and Isomerism). But 
in both classes of gases tho data point to tho 
existence, at different temperatures, of moro or 
less stable molecules, tho mass of the heavier 
of which is a whole multiple of that of the 
lighter. 

The practical conclusions to be drawn from 
these facts are, that beforo tho molecular weight 
of a gas can bo regarded as satisfactorily deter¬ 
mined, observations of the sp. gr. of that gas must 
bo mado throughout a considerable rango of 
temperaturo; and that tho number which 
represents tho sp. gr. in question for such a 
range of temperaturo is to ho taken as the basis 
for calculating tho molecular weight of the gas, 
or it may bo in some cases the numbers which 
represent tho sp. gravs., each for a considerable 
temperaturo-interval, are to bo used for finding 
tho different molecular weights of the gas. 

If then tho mass of tho molecule of a gas 
may liavo a different value, and therefore the 
molecule be composed of a different number of 
atoms, at a high than at a low temperaturo— 
and so far as data goes it seems that tho mass 
of the molecule, if variable, is greater at tempe¬ 
ratures near tho condensation point than at 
tomperaturcs far removed from this point—it is 
at least very probable that, if we carry over tho 
conception of the molecule from gases to liquids 
and solids, we must be prepared to regard the 
mass of tho molecule of a liquid or solid com¬ 
pound as considerably greater than that of tho 
molecule of tho same compound in the gaseous 
stale. But, in practice, when we speak of the 
molecular weight of a liquid or solid compound 
we use the term molecular weight with a mean¬ 
ing different from that which wo assign to it 
when we speak of the molecular weight of a gas. 
In the latter case the term signifies a small 
mass of matter, itself built up of smaller parts, 


whioh collides with other similar small masses, 
rebounds, vibrates, but yet remains intact, 
when a number of these small parts of matter 
are heated; in the former case the term sum¬ 
marises a number of chemical data in a con¬ 
venient form, and asserts that tho number of 
atoms whioh aro so associated as to act in 
many changes as a chemical whole, is not less 
than a certain specified number. 

The chemical formula) of solid and liquid 
bodies do not then stand on tho same footing 
as the formulas of gases (v . Formul.e). But tha 
question arises: are these collocations of atoms 
which we have called reacting chemical units 
also the reacting physical units of this or that 
compound? Aro the physical constants of com¬ 
pounds conditioned by the masses of these re¬ 
acting units? If these questions are answered in 
the affirmative, it is possible that measurements 
of some physical constant for a series of chomi- 
cally similar compounds might enable just con¬ 
clusions to be drawn regarding the relative masses 
of the reacting units of these compounds. Many 
measurements of this kind have been made; 
but no wide generalisation has yet been found 
which enables us to determine tho relative 
masses of tho reacting units of solid and liquid 
compounds from a knowledge of the physical 
constants of these compounds. All the general¬ 
isations which have been, or which at presont 
can be, ventured upon, arc for the most part 
empirical: tho theory of the grained structure 
of matter has been developed, so far as it has 
been developed, only for gases ; as regards gases, 
conclusions can be drawn from tho fundamental 
principles of the theory, and theso conclusions 
can be tested by experiment; but as regards 
liquids and solids, no such general conclusions 
can be drawn, and the theory can be used as a 
guide in experimental research only in a wide 
and general manner. What is wanted now is 
therefore not only further experimental deter¬ 
minations of tho physical constants of series of 
chemically similar compounds, but a great 
development of tho goneral theory of tho struc¬ 
ture of matter, especially in tho direction of 
applying this theory to liquid and solid bodies 
(v. Molecular theories, also Physical methods). 
The groat difficulty lies in tho fact that most 
of tho physical constants of liquid and solid 
compounds appear to bo conditioned both by 
•the nature and number, on the one hand, and 
by tho modes of combination, on the other 
hand, of the atoms which form the alomio 
complexes we have called reacting chemical 
units. But tho kinetic theory of gases has beon 
chiefly developed from the study of properties 
which are independent of the nature and num¬ 
ber, and aro conditioned only by the states of 
union, of the parts of molocules. 

But although we must for a time bo content 
with the conception of the chemically reacting 
unit of a liquid or solid compound, and although 
we may £t times wistfully contrast this with 
the clear physical conception of the molecule of 
a gas, yet there is ono well-established chemical 
generalisation by the application of whioh values 
may be obtained for the atomic weights of many 
elements. This generalisation may be stated 
thus:—The properties of the elements vary 
periodically with variations in the atomic 
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weights of the elements ; or thus :—!/ the 
elements are arranged in order of increasing 
atomic weights , the properties of the elements 
vary from element to element , hut return more 
or less nearly to the same values at certain 
fixed points in the series. Let the elements bo 
arranged in the order of their atomic weights, 
from hydrogen to uranium ; let them he divided, 
broadly, into sorics of sevens; let the second 
series be placed under the first, the third under 
the second, and so on; then the elements con¬ 
tained in any one vertical column are called a 
group, and those in any one horizontal column 
are called a scries. In this arrangement hydro¬ 
gen is placed in a series by itself, and under it, 
that is in the same group, is placed the element 
(lithium) which comes next after hydrogen in 
order of increasing atomic weight; certain gaps 
are also supposed to occur in the list of elements, 
so that an element which immediately succeeds 
another in order of increasing atomic weights is 
sometimes placed, not in the group immediately 
succeeding, but in the group next but onoor next 
but two Ac. after, that which contains tho element 
with the smaller atomic weight. Thus uranium 
(210) comes after thorium (222) in order of atomic 
weights; thorium is placed in group IV.; hut 
uranium is placed in group VI. Certain elements 
are also placed in an eighth group by themselves; 
and the last member of each series in this group 
is repeated as tho first member of tho next 
serios in group I. 

Tho following table shows the arrangement; 
of tho elements in accordance with the periodic \ 
law. Tho formula at tho head of each group 
represents the composition, cither of the highest,! 
or of tho most characteristic, oxide of the ele¬ 
ments belonging to that group; in each caso 
tho formula gives tho number of atoms of oxygon 
referred to two atoms of tho element. 


parts, and to examine the nature of the con- 
nexion between the atomio weights, and auoli 
measurcablo properties, of the elements, as 
atomio volume 


/. ., ... atomio weight \ 

th0 <1U0ll0nt Siroflol.J elenient/ 


position in electrical scries, fusibility, composi¬ 
tion of oxides, chlorides,Me., wavo lengths of 
characteristic lines in the spectra, heats of com¬ 
bustion or of combination with chlorine, &o. 
Ac. The expression ‘ properties of the elements ’ 
is also to be taken as including the properties of 
tho compounds of tho elements; so that tho 
periodic law asserts that c.g. tho melting-points 
of similar compounds (say of chlorides) vary 
periodically with variations in the atomio 
weights of tho elements. 

The periodic law will bo discussed in detail 
in tho article with that heading; meanwhile 
sullico it to say that tho law rests on a firm 
basis of well-established facts of diverse kinds. 
Wo ulndl hero make use cf this law to establish 
values for tho atomic weights of one or two 
typical (dements. 

At the time of tho publication of MeudelcelT’a 
first memoir on the periodic law no elements 
were known which could be placed in group III. 
series A and 5. Calcium (JO) and titanium (13) 
were known; zinc ((ifi) and arsenic (Vi) were 
known: calcium and zinc evidently belong to 
tho group which comprises magnesium, stron¬ 
tium, cadmium, and barium ; titanium must be 
placed in the same group as carbon, silicon, and 
tin; and arsenic could not bo separated from 
phosphorus, vanadium, and antimony, llenco 
two gaps occurred in group III. (series 4 and 5), 
and one in group IV. (series 5). From consider¬ 
ing the difference between the values of tho 
atomic weights of conseculivo dements, (1) in 


GUO UTS. 


f 

* 

i. 

IT. . 

| III. 

IV. 

V. 

VI. 

VII. 

VIII. 

n a o 

K/J, 

It/), 

n J o 4 

lt a O. 

R/> # 

R,0, 


1 

2 

u = l 

Li = 7 j 

Ik* = 9 

| 11=11 

C-12 

n=m | 

0=1(5 

V— 19 

— 

3 

4 

Na =23 

K = 39 

Mg ---21 

<Ju= 10 

Al = 27 

S«=41 

Si = 28 

Ti- 18 

r=3i 

V = 51 

S=32 

Cr=52 

01 = 35*5 

Mu = 55 

I Fc=56 NI = 58-8 
IOo=59 On=83 

5 

6 

(Cu=03) 

Itb=85 

Zu = «5 

Sr=87 

(la—01) 

Y=89 

Ue=72 

Zr-00 

As-=75 

Nil = 01 

Sc=79 

Mo = OH 

llr=80 
(V 100) 

f JUi = 104 llli=104*5 

11M= 100 Ag = 108 

7 

(A*=UH) 
Os -= 133 | 

CM -112 
I5;i= 137 j 

In=lll 

L;i= 139 , 

Sn .118 

Kb a ISO 

Te_l25 
? 11? 

1-127 

V 150 



Ci-m 







Kr=lG6 

T« = 182 

? 107 

W=IH1 



10 

v 4 i:i( 

? 170 

’iiients ISO to 1U2 ? 

? 172 Yb=173 

? 178 

• 

? 190 

((>s= 191 Ir= 192-3 
irt=l!ll Au= 197 

11 

(Au = 107) 

Hg = 200 Tl = 204 


B 

1 


I’ °07 

Til = 232 

• 

? 237 

? 2 Elements 
U = 240 | 

212 to 220 ? 
V 245 


12 

| " ? 3 Elements 221 to 230 ? 



In order to establish the existence of a 
periodic connexion between the atomic weights 
and the properties of the elements, it is neces¬ 
sary to break up the phenomena connoted by 
tli9 phrase ' properties of the elements ’ into 


the same series the average value of this dif¬ 
ference is about 2 in series 8, 4, and 5 -and (2) 
in tho same group—tho average valuo of this 
difference for the first, second, and third mem¬ 
bers of groups I., II., and III., and for the first 
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find second members of groups IV., V., VI., an4 
VII., is about 15, and for the succeeding members 
of these groups it is about ‘23—Mendelfieff 
assigned the value 44 as approximately that of 
the atomio weight of the unknown element in 
scries 4 of group III., and the value 69 as 
approximately that of the atomic weight of the 
unknown element in series 5 of the samo group. 
Mendeleeff also predicted many of the properties 
of these two unknown elements from considering 
the positions they occupied in the ‘ periodio ’ 
arrangement of the elements. Thus, tho rela¬ 
tions of the unknown element with atomic weight 
44 to aluminium should bo similar to those 
between (1) calcium and magnesium, (2) tita¬ 
nium and silicon, (3) vanadium and phosphorus, 
(4) chromium and sulphur; again tho relations 
betweon (1) beryllium and calcium, (2) carbon 
and titanium, (3) nitrogen and vanadium, (4) oxy 
gen and chromium, (5) lluorino and mangan* 
ought to be similar to tho relations between boron 
and tho unknown element. As regards tho pro¬ 
perties of the second unknown element with 
atomic weight 09, it was known that (1) zinc is 
more liko magnesium than it is like calcium, (2) 
arsonic more resembles phosphorus than it does 
vanadium, (3) solonion shows closer analogies 
with sulphur than with chromium, and (4) bro¬ 
mine and chlorine are more liko each other than 
either is liko manganese ; hence, it was argued, 
tho unknown element (09) will resemble alumi¬ 
nium more closely than it resembles the other 
unknown element (44), and more closely than 
the second unknown element itself resembles 
aluminium. Tho relationships indicated were 
of course studied in detail by Mendeleeff. Thus, 
take tho pairs of consecutive elements in series 
3 and 4 ; the resemblance between any of tlicso 
pairs (Na.lC; Mg, Ca; Si, Ti; 1\ V; S, Cr; 
Cl, Mn) is less marked in the higher than in 
the lower groups. Or, take tho two elements in 
each group belonging respectively to series 3 and 
5 ; the resemblance between any of those pairs 
(Na, Cu; Mg, Zn; .. .1\ As; S, So; Cl, Br) 
is more marked in tho higher than in the lower ! 
groups. ... i 

Tho relationships examined by Monde- : 
16cff were those between atomic weights, fusi- | 
bilities, atomic volumes, composition of oxides ; 
ohlorides and other compounds, acid or basic : 
character of oxides, power of forming double ! 
Balts and composition of these salts if formed, ! 
Ac. Ac. As a result of his study of theso j 
relationships, Mendeleeff tabulated many pro- | 
perties of tho two 'unknown elements. Since ' 
the memoir of the llussian naturalist was j 
published, several new elements have been dis¬ 
covered ; some of the properties of two of these . 
elements will now be compared with the pro-1 
perties which Mendelecf asserted ought to 
characterise the elements belonging respectively 
to scries 4 and 5 of group III. 

Mcndcletff's Eka-aluminium (III.—5). 

Atomic weight about 09. 

Readily obtained by reduction. 

Melting-point low. Sp. gr. = 5*9. 

Not acted on by air. 

Will decompose water at a red heat. 

Slowly a^acked by acids or alkalis. 

Will formNa potassium alum more soluble, 


but less easily crystallisable, than the oorr* 
spending aluminium salt. 

Oxide =■ El,O a . Chloride = El 3 CJ r 

Gallium. 

Atomic weight = 69. 

lteadily obtained by electrolysing alkaline 
solutions. 

M.P.» 30T5°. Sp.gr. = 5-93. 

Non-volatile, and but superficially oxidised 
in air at bright red heat. 

Decomposes water at high temperatures. 
Soluble in hot hydroohloric acid, scarcely 
attacked by cold nitric acid ; soluble in caustio 
potash. 

Forms a well-defined alum. 

Chloride = Oa 2 Cl tt . Oxide = Ga X) 3 . 

MendcUofps Eka-boron (III.-4). 

Atomic weight about 44. 

Oxide Eb./) 3 soluble in acids ; sp. gr. about 
3*5; analogous to but more basic than Al. 2 O a ; 
less basic than MgO ; insoluble in alkalis. 

Salts of Eb colourless, and will yield gela¬ 
tinous precipitates with KOH, Na.J[P0 4 , 

Ac. 

Sulphate, Eb.„3SO„ will form a double salt 
with K 2 S0 4 , probably not isomorphous with the 
alums. 

Chloride EbCl., or Eb s Cl 0 , sp. gr. about 2, less 
volatile than AlgClg. 

Scandium. 

Atomic weight - 44. 

Oxide Sc.O;,; sp. gr. = 3*8; soluble in strong 
acids ; analogous with but more decidedly basio 
than A1.X) S ; insoluble in alkalis. 

Solutions of So salts colourless and yield 
gelatinous precipitates with KOH, K..CO.,, and 
Na,HP0 4 . 

Sulphate, Se.JiSO,, forms a doublo salt, not 
an alum, Sc. <; 3S0" 4 .3K._,S0 4 . 

Gallium and scandium are, therefore, the ele¬ 
ments which Mendeleeff named cka-aluminium 
and cka-boron, and many properties of which 
wore accurately and in detail tabulated by him, 
while the elements were yet unknown. 

Much discussion has of late been carried on, 
and a great deal of experimental work has been 
done, regarding tho value to be given to the 
atomic weight of beryllium. Chemists are agreed 
that tho value in question is either (in round 
numbers) 9 or 9 x l| = 13*5; if the former value 
is adopted, beryllium must be placed in group II. 
series 2; if the latter value is preferred, the metal 
must find a place between carbon and nitrogen. 
If the former value is adopted, the formula of 
beryllium oxide becomes BcO; if the latter 
value is preferred, the formula of this oxide must 
be written BcX) 3 . The periodic law is a guido in 
the solution of this problem. Briefly, tho law 
directs us to study tho properties of the element 
itself and the composition and properties of its 
compounds; to compare these with those of 
elements vMiich must come in the same group 
and the same series as beryllium; to compare 
the relations between beryllium and these other 
elements witli the relations which have been 
established between elements occurring in posi¬ 
tions similar to that ocoupied by beryllium and 
the other elements in question; and to adopt 
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that value for the atomic weight of beryllium 
which best harmonises with the outoonte of this 
study. There can be no doubt that the value 
which beat harmonises with tho results of this 
study is 9; hence the atomic weight of beryllium 
is almost certainly 9. This result is confirmed 
by tho application of tho law of Dulong and 
Petit, and also of tho law of Avogadro; for tho 
specilio licat of beryllium at about 500° is 
nearly constant and is approximately represented 
by the number *62 (*02 x 9 - «•(»), and tho vapour- 
densities of beryllium chloride and bromide show 
that the formula) of these compounds, as gases, 
are BeCh, and BoBi\., respectively (Bo = 9). 

Tho atomic weight of tellurium had for long 
been supposed to be greater than that of iodine 
(127); but if this were so tellurium must be placed 
in group I. series 9; that is to say, in a group which 
contains the alkali metals. This position cannot 
be defended; moreover, every chemist knows that 
tellurium exhibits marked analogies to sulphur 
and sclenion. But if tellurium is to find a 
place in group VI. tho value to bo given to its 
atomic weight must bo greater than 120 and 
less than 127. In 1883 Biauner undertook an 
experimental criticism of the methods whereby 
the atomic weight of tellurium had been de¬ 
termined by different chemists. Braunerprovod ! 
that theso methods almost necessarily gave too j 
largo values; ho also made, very careful deter¬ 
minations of tho atomic weight of the element by 
two new methods, and obtained a scries of 
numbers varying from 121*91 to 125*1, with a 
mean value of 125. The periodic law has, there¬ 
fore, prevented chemists from linally adopting 
an erroneous value for the atomic weight of 
tellurium, notwithstanding the great weight of 
authority which was in favour of regarding that 
value as correct. 

These examples will suffice to show how tho 
periodic law is used as a guide in determining 
what multiple of tho combining weight of an 
element is to be adopted as tho atomic weight of 
that element. Incidentally, theso examples 
also impress us with the extreme importance of 
the constants which wo call tho atomic weights 
of the elements. Given this constant for a new 
element, and wo may, to a considerable extent, 
predict the properties of the element and its 
compounds. Tho periodic law also enables 
values to be given, if not to the molecular 
weights, then certainly to tho reacting weights 
of compounds; because the position of an elo- 
ment in a group and series determines the 
formula} of the salts of that element, and, as we 
asaumo tho atomic weights of the other elements 
in these salts to be known, therefore determines 
the relative masses of the chemically reacting 
units of theso salts. There are at least one or j 
two elements in each group which form some | 
gasifiable compounds; the molecular weights of 
theso compounds are therefore known; hence 
conclusions may tentatively be drawn regarding 
the molecular weights of similar compounds of 
other elements in tho same group. But no 
great stress must be placed on such reasoning as 
this. Aluminium and indium occur in group 
III. (series 3 and 7), these metals exhibit fairly 
marked analogies; yet tho molecular formula 
of gaseous aluminium chloride is Al a Cl, while 
that of gaseous indium chloride is InCl,; thallium 
Vo*. I. 


belongs to tho same group as aluminium and 
indium (series 11), yet tho formula of the only 
ohloride of thallium which iB stable as a gas is 
T1C1. 

There is then at present one generally 
applicable method for determining the molecular 
weights of gaseous elements and compounds; 
this method springs out of tho application of 
the generalisation of Avogadro to ehemioal 
changes occurring between gaseous elements. 
Tho application of the generalisation in question 
leads to praetieal definitions of tho terms 
molecular weight and atomic weight. In addition 
to this method there aro throe others which 
; servo to determine, more or less accurately, the 
j values of the atomio weights of tho elements; 

; and two of theso aro also employed to find the 
j relative masses of tho small particles of solid 
and liquid compounds which take part in 
; chemical changes. 

The mothods founded respectively on the laws 
of Avogadro, Dulong and Petit, and Mitscher- 
licli, aro essentially physical methods; they 
arc outcomes of tho physical theory of the 
grained structure of matter. Tho applications 
of this theory to chemical phenomena whioh 
havo been considered in tho present article have 
been treated in a purely empirical manner. 
But it is possible to deduce tho Jaw of Avogadro 
from tho first principles of the theory in question. 
Tho theory assumes that tho temperature of a 
gas represents tho mean lcinetio energy of the 
i molecules of that gas; hence, if M and M, 
represent tho masses, and V* and V,* tho mean 
squares of tho velocities, of the molecules of 
two gases at the same temperature, it follows, 
from tho laws of energy, that 
MV'-M.V,-. 

But if the pressures of tho two gases aro oqual, 
then 

MNV 2 =*M,N,V,-; 

where N and N, represent the number of mole- 
culcs in unit volume of tho two gases ; because, 
according to the theory, the pressure of a gas 
on the walls of tho containing vessel is an effect 
of the impacts of the molecules of tho gas, and 
this depends on the number and velooity per 
unit of time of these molecules. From these 
equations it follows that 

N = N,; 

that is, when two gases are at the same pressure 
and temperature the number of molecules in 
unit volume of either gas is tho same. But this 
is tho law of Avogadro. 

Neither tho law of Dfilong and Petit, nor 
tho law of isomorphism, can as yet bo satis¬ 
factorily deduced from tho first principles of the 
molecular theory. We know very little, if any¬ 
thing, of the structure of gaseous molecules; 
and of the moleculrr. phenomena of solids our 
accurato knowledge may be said to be almost 
nothing ( v . AoonKO.viroN, States of, p. 87; 
also Molecular structure of matter, theories 

REGARDING J also PHYSICAL METHODS APPLIED TO 
CHEMICAL PHENOMENA). 

The atomic weights of all tho known elements 
have been more or less accurately determined ; 
but only fourteen elements havo been gasified, 
and hence the molecular weights of only fourteen 
elements have been determined. The moleculeg 
of the greater number, but by no means of all, 

AA 
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these elements are most probably (v. remarks on 
840 regarding the molecules of hydrogen, <fcc.) 
imposed of two atoms; they are diatomic, 
be following table shows the classification of 


the elementary molecules, so far as the available 
data permit, in aooordance with thoir atomioity, 
that is, the number of atoms of which eaoh 
molecule is composed. 


Atomicity of Elementary Molecules (the temperatures are approximate). 


Monatomic 

Diatomic 

Triatomio 

Tetratomic 

Ueiatomic 

odium 

otassiura 

ino 

admium 

[ercury 

jdine at c. Ifi00° 
Bromine at o. 1K00°) 
ntimony at c. 1700° 

Hydrogen 

Chlorino 

Bromine 

Iodine at 200°-1000° 
Oxygen 

Sulphur at 800° and 
upwards 

Solenion at 1200 5 and 
upwards 

Tellurium 

Nitrogen 

Phosphorus 1 at whilo 
Arscnio J heat 

Oxygen as 
ozone 

Selenion at 
700°-800° 

Phosphorus 
Arsenic 
(both at temps, 
nearly up to 
white heat) 

Sulphur at 450.. 
550° 

(very doubtful i 
v. Biltz a. 
Meyer, B. 21, 
2013) 


The following table presents the data available for calculating the molecular weights of the 
lementary gases:— 

Molecular Wf.ioiits of Elementary Oases. 


I. 

it. 

III. 

IV. 

V. | 

I. 

II. 

III. 

IV. 

V. 


Relative 

Temp, of 

Density 

Moioenlar' 

Name 

Relative 
density 
air = i 

Temp, of 

Density 

Molecular 

of element 

air— 1 

observation 

X 28* •* 87 

weight j 

of element 

observation 

X 28*87 

weight 

Hydrogen 

•06926 

0° 

2 

2 

11 Bromine 

5*51 

100° 

159*9 » 

1695 

••Sodium 

•R7 

1200^-1500° 

25*5 

23 

'• „ 

5*38 

100° 

155*3 ) 

• Nitrogen 

09713 

0° 

2X04 

2802 

*• „ 

4*43 

abt. 1500° 

117*9 

? 

1 Oxygen 

1106 

abt. 1400° 

31 , 

31*92 

■*° Selenion 

5*68 

abt. 1100° 

161*1 

157*6 

► 

1*10563 

0° 

31«1 

•• 

6-37 

abt. 1000° 

183-9 

? 

• „(ozone) 

1*658 

— 

47*86 

47*88 


7*07 

8G0° 

2214 

2364 

• Sulphur 

2*23 

860° 

64*1 \ 


” Mercury 

6*96 

abt. 1000° 

200-93 



r 

2*24 

1040° 

64*6 1 

6396 

34 „ 

6*98 

446° 

201*5 


199-8 

• 

2*17 

abt. 1400° 

62*6 ) 


„ 

7 03 

424° 

2030 


• Zino 

2*38 

abt. 1400° 

C8*7 

610 

v * 

6*7 

8X2° 

193*4 



• Chlorinz 

2*45 

200° 

70*73 


• *' 7 Iodine 

8*8 

250 -150° 

254 0 



■ 

2*61 

abt. 1000° 

75*35 

70*71 

*' 4 „ 

872 

185° 

251*7 



■a 

244 

abt. 1200 ° 

70 72) 



8'70 

447° 

251*2 


253*0) 

• Cadmium 

3-94 

abt. 1000° 

113*7 

1121 

IS 

8*72 

abt. 1000° 

251-7 


••Antimony 

0-78 

1010° 

136*1 

120 

11 

8*84 

250° 

, 255 2 



• Thosphorus 

4*35 

500° 

125*6 > 

123'Hi 

,l * M 

8*55 

665° 

246*8 




4*60 

abt, 1000° 

129*9 f 

•* „ 

6-87 

abt. 1100° 

j 169*4 

? 


102 

860° 

294*5 j 

299*6 

M 

4*76 

abt, 1500° 

137*4 

[? 126*53] 


10*65 

G44°-668° 

307*1 1 

34 Tellurium 

9*08 

abt. 1400° 

| 262*1 

255 

- . 

G*53 

1430° 

188*5 

[?1I9*8] 




1 

1 



• Rognault, C. R. 20, 075. ’» Scott, Pr. A\ M. 410. 

• Regnault, lx. • V. Meyer, /». 12, 112G. 

• Regnault, lx. * Sorct,G'.i(.61,941; 04,901. 

•* Devillo a. Troost, C. R. 56,891. 

• V. Meyer, R. 12,1112. 

• Mensohing a. Moyer, B. 19, 3295. 

*• Ludwig, n. 1, 232. “ V. Meyer, R. 13,400. 

"•Id. B. 15, 2773 (mean of 5 cx|»eriineut8). 

*• Deville a. Troost, C. li. 49, 239. 

»*Biltz a. Meyer, X. P. V. 4, 249. 

*■ 14 I), a. T. C. R. 66, 891. •» Id. lx. 

*• Mitscherlioh, A. 12,159. 

•••Blitz a. Meyer, X. 1*. C. 4, 249. 

** Mitsolierlich, lx. u V. Meyer, B. 13, 406. 


•• Crafts, C. R. 90,183. 30 31 •* Deville a. Troost, l.c. 

“ V. Meyer, B. 13,1107,1110 (moan of C experiments). 

•• Dumas, A. Ch. [2] 33, 337. * Mitsolierlich, l.c. 

M Bineau, C. R. 49, 799. 

** „V. Meyer ; a. Meier a. Crafts, B. 13,868 (moan of 7 «x- 
perimenta). 

*• Dumaa, i,e. " “ Devillo a. Troost, l.c. 

»• Y. Meyer, B. 13, 396. •••Troost, C. R. 95, 30. 

« V. Meyer, B. 13, 1115. “ Id. 13, 1010. 

44 Devillo a. Troost, lx. 

Biltz a. Meyer (X . P. C. 4, 249) have obtained values 
whioh point f o a mol. w. for phosphorus between P 4 and 1’,, 
for bismuth between Bi, and Bi, and for thallium as Tl, at 
very high temperatures. 


The following table presents a summary of the atomic weights of the elomonts and of the 
evidence upon whioh each value is based 
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Notes to Table of Atomic Weights. 

A. As the method based on isomorphism of 
compounds is chiefly used as a means of verify¬ 
ing values assigned to atomio weights by other 
methods, no numbers are given in column IV., 
but merely an indication of tho various com¬ 
pounds which have been compared crystallo- 
graphically, and on which arguments for or 
against a given value for the atomic weights in 
column V. have been, or may bo, based. 

B. This column (VI.) is not to be regarded 
as containing anything like acomplote summary 
of the processes employed for determining the 
combining weights of the elements; only the 
more important processes are indicated— 
references are given to the original papers. 

By combining weight is here meant the 
smallest mass of the element which combines 
with 8 parts by weight of oxygen, 1 part of 
hydrogen, or 35-5 parts of chlorine. 

A complete account of all researches on this 
subject will bo found in A Recalculation of the 
Atomic Weights , by F. W. Clarke [Part v. of tho 
Constants of Nature published by the Smith¬ 
sonian Institution], and also in Die Atomgcwichte 
dcr Elements % by L. Meyer and K. Seubert 
[Leipzig, 1883]. 

C. When the atomic weight given in column 

V. section (2) is a multiple of tho combining 
weight in column VII., no number being given 
in section (l) of column V., it is to be inferred 
that, besides the argument drawn from the value 
of the specific heat of tho element in question, 
there aro other chemical reasons for adopting 
the special multiple which appears in V. (2); 
these reasons may be broadly described as based 
on analogies between salts of the given element 
and salts of other elements the atomic weights 
of which have been established by tho two 
leading physical methods. M. M. 1*. M. 

ATOMICITY. Term used to denote number 
of atoms in any specified gaseous molecule, 
usually in the molecule of an element. 

ATOMIC VOLUMES v. Physical Methods; 
■ect. VOLUMETRICAL. 

ATRACTYLIC ACID C, 0 H.,S,O lR . Potassium 
atractylate K 3 A'" occurs in the root of Atractylis 
gummifera, from which it may be extracted by 
boiling 70 p.c. alcohol (Lefrane, Bl. [2(11, 400; 
J. Ph. [4] 9, 81; 10, 325; 17, 187, 203; C. R. 
07, 954; 76,438). Boiling potash hydrolyses it, 
forming valeric acid and so-called (^)-atraetylic 
aoid, C. ;o H sg S.O, B , which is further split up into 
H 2 S0 4 , valeric acid and atractylin. 

ATRACTYLIN C, 0 H ao O (i . From • (/3)-atraetylie 
acid ’ by boiling with aqueous KOII. White 
gummy substance, with sweet taste, v. sol. 
water and alcohol, insol. ether and aqueous 
NaCl. Forms a violet-red solution in warm 
H 2 S0 4 . Boiling KOH forms atractyiigenin 
and a saccharine substance. 

ATRANORIO ACID C I6 H ih O h . [190°-101°]. 
Extracted by ether from certain lichens fLccanora 
atra, Stereocaulon vesuvian iwn t Cludonia rangi- 
formis). Trimetric crystals; a:b:c - 1: -308: *300; 
el. sol. alcohol, cold ether, and benzene; 
m. sol. hot benzene; sol. alkalis forming 
a yellow solution. Heated with water in a 
sealed tube it splits up into atranorinic acid, 
C„H, # 0 4 , and atraric acid, C, B H, 0 O 4 (Patcrr6, 


O. 9, 279; 10, 167; 12, 266; Coppola, G. 
12,19). 

' ATRANORINIC ACID C h H 10 O 4 . [101°]. 
Formed by heating atranorio acid (q.v.) with 
water. Needles, m. sol. water, sol. alcohol and 
ether. Its alkaline solutions are yellow. Its 
aqueous solutions give a green pp. with AgNO,, 
a brownish-green colour with Fe^Cl^, and a 
blood-red colour with bleaehing-powder (Pa tern 6, 
G. 12, 25(5). 

ATRARIC ACID C, 0 II 10 O s . fill 0 ]. Pro- 
duced by heating atranorio acid with water 
(Paternd, CL 12,257). Iridescent lamina), si. sol. 
water, m. sol. alcohol and ether. Its alkaline solu¬ 
tions are colourless. It gives a brownish pp. 
with AgNO., and no colour with Fe..Cl 0 . 

ATRIPAlC ACID C„H,0 1!t 6aq." [98° when 
hydrated]. An acid obtained from tho sugar 
cane (Savary, C. C. 1884, 908). 

Ethyl ether (184°~188°). 

ATROGLYCERIC ACID C h H 1( ,0 4 i.e. 
CIL(OII).CPh(()H).CO..II. [140°]. a0-Di-oxy- 
a-phenyl-prapionic acid. From a/3-di-brorno-a- 
phenyl-propionic acid and excess of alkali (Kast, 

A. 200, 30). Crystalline aggregates, sol. water 
and ether. Salts.—CaA'...- BaA'.,. 

Nitrile CiI,OII.CPh(OH).CN' [57°]. From 
bonzoyl-carbinol and 1ICN (Plochl a. Bliimlein, 

B. 16,1292). 

ATROLACTIC ACID v. ct-OxY-a-PHENYL-pno- 

PIoNIC ACID. 

ATROLACTYL-TROPElNE C s H 14 N0C # n # 0 8 . 

Pseudo-atropine. [121°]. Crystalline solid. Very 
similar in physiological action to atropine. 
Formed by the action of dilute HC1 on tropine 
atrolactato. 

Salts.—Mostly soluble.—BlTClAuCl,: spa¬ 
ringly soluble tables.’ The pi crate also forma 
sparingly soluble tables (Ladenburg a. Roth, 
B. 15,1027 ; A. 217, 87). 

XH 2 CII 

ATRONENE C 1B II 14 i.e. C ti II 4 \ ' H . 

\CPhII.OH 

Phenyl-naphtlialcne dihydride. (325° i.V.) 
Formed, together with atronio acid, by tho dry 
dislillatiou of (a)- or (j8)- ieo-atropic acid (Fittig, A. 
20(5, 51). Liquid. Chromic acid oxidises it to 
o-bonzoyl-benzoic acid. 

Atronene sulphonic acid C lB H M SO s TI. [130°]. 
Needles; v. sol. water.— BaA / 2 .—CJaA' ll 2aq. 
ATRONIC ACID C„H m O, i.e. 

C« H .<o}>hil°ijH> CH - ( ? ) rhcnyl.mphthalme 
di-hydride carboxylic acid (V). [104°]. Formed, 
together with atronene by tho dry distillation 
of (a)- or (0)-iso-afr >pic acid (Fittig, A. 200, 
4(5). Prisms; insol. water, sol. alcohol and 
glacial HOAc. 8alt.-;.— CaA'./jaq.—-BaA'._,4ftq. 

Iso-atronic acid C 17 H 14 0 2 . [157°]. Obtained 
by heating (a)-, or ( 0 )-, iso-atropic acid with 
cone. H,.S0 4 (Fittig, A. 200,8(5). Leaflets, insol. 
water, sol. alcohol, ether, and glacial HOAc. 

Halt s.—CaA'...—BaA'., Gaq. 

ATRONYLENE SULPHONIC ACID 
C IS H 1I .80 S H. [c. 258°]. Formed by heating 
(a)-, or (0)-, iso-atropic acid or iso-atronio acid 
with 9 pts. cone. H.,S0 4 at 90° (Fittig, A. 206, 
00). Prisms (from 50 p.c. acetic acid). Insol. 
water, v. sol. alcohol. The aqueous solutions of 
its salts when exposed to sunlight deposit small 
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needle* of atronyl-snlphone C,,H,.SO a . 

ATBOPIO ACID C.ri.O, i.e. CH,:CI’hC0 2 H. 
«- Phenyl - acrylic acid. M. w. 148. [107°]. 
<?03°) at 75 mm. S. -111 at 19°. 

Formation. — 1. Byboilingatropinewithbaryta 
(Richter, J. jrr.U, 83; Kraut, A. 128,282 ; Fittig 
a. Wursto r,A. 195,147). 2. lly heating atropine 
with fuming HC1 at 120° (Losscn, A. 138, 230). 

3. By the action of I1CI on ethyl-tropic acid, 
CH 2 .CPh(OBt).C0 2 H, obtained from acetophen¬ 
one chloride by alcoholic KON and saponiftca- 
tion (Ladenburg a. ltugheimer, it. 13, 2041).— 

4. By action of boiling NaOII upon a-chloro-0- 
phcnyl-propionic acid which is formed by the 
action of lfCl upon acetophenone cyanhydrin or 
by heating n-oxy-a-phenyl-propionic acid with 
saturated HClAq at 130' (Spiegel, B. 14, 237; 
1354). 

Properties.— Needles (from water) or mono¬ 
clinic prisms (from alcohol); v. sol. CS.„ 

Fractions .— 1. Chromic acid mixture forma 
benzoic acid.—2. Potash-fusion forms phonyl- 
acctic acid. —3. Sodium-amalgam reduces it to 
a-phcnyl-propionic acid. -4. Fuming IICI forms 
o-chloro-B-phenyl-propionic acid, which is con¬ 
verted by ac|iteous Na.,00, at 120° into tropio 
acid, CH 2 (OH).CPIilI.CO..H.-5. ClOH forms 
chloro-tropio acid CII.fOHJ.CPhCl.CO.H 
(faidonburg a. Riigheimer, 13. 13, 376).—li. Cold 
cone. II IJrAcj forms both a-, and fj-, bromo-a- 
phenyl-propioiiio acid; at 100° it forms only 
8-bromo-a-pheny!-propionic acid.—7. Bromine 
forms CH 2 l!r.CPhBr.C0 2 lI. 

Halts.—Neutral alropatos are not ppd. by 
manganous salts (difference from cinnamalos).— 
CaA' 2 5a<i (K.).—CaAVlnq (L.). 

(a)-Iso-atropic acid C„H, b O, (?). [837°]. 

Pre/tamtion. —(a)-, and (3)-, isoatvopio acids 
are both formed when atropic acid is heated 
alone or with water; they may bo separated by 
crystallisation from 00 p.c, acetic acid. ' 

Properties. —Crystal line aggregates, si. sol. 
boiling water, sol. alcohol. Chromic acid gives 
antluaipiinono and o-bcnzoyl-benzoio acid. 
V. also Atkonfhe, Atbonio acip, and Atiionylene 

SULl'IIONIC ACID. 

S a! t a.—CaA" 2aq.—BaA"2'aq. 

Ethyl ether lilt-A" (180°). 

(H)-Iso-atropic acid C„II lt 0 4 . [200°]. Rect¬ 
angular tables (from water). Wore solublo in 
water, alcohol, and HOAc than tho (a) acid. 
Gives tho same remtions ns tho (a) acid. 

Halts.—CaA"3nq (Fittig, A. 206,3-1; B. 12, 
1739; compare R. Meyer, A. 219, 290). 

ATROPINE C„H 22 NO, i.e. 
CH.OH.CPhH.CO.O.CH.,.CII.,.CJI,NMe. 
Daturinc. [114°]. S. '33. 

Occurrence. — Together with hyoseyamine in 
all parts of Alropa belladonna (Geiger a. Hesse. 
A. 5, 43; 6, 44; Mein, A. 6, 67), and in the 
seeds of Datura stramonium (Gcyger, A. 7 272 • 
Plants, A. 74,245). ’ 

Formation. —Crystalline tropine tropate has 
no action on the eyes, but when treated with 
dehydrating agents, such as ZnCI... Ac s O, or 
HC1, atropine is formed. It is best to evaporate 
frequently with very dilute HC1 at 100° 
(Ladenburg, A. 217, 78; B. 12, 912; 13, 104, 


909 ; C. R. 90, 921). Tropine oontains hydroxyl 
which is etherified by tropio acid : 

CH,(OH).CPhH.OO.O.OH,.CH 1 .0,U,NMc+H 

Preparation. —Dry belladonna leaves are di¬ 
gested for three days with cold water, the extract 
is evaporated, and after mixing with Na 2 CO, 
tho syrupy liquid is agitated witli benzene. The 
benzene solution is decanted off and shaken 
with diluto sulphuric acid. The acid liquid is 
rendered alkaline with Na 2 C0 2 and the solution 
agitated with chloroform ; the extract is filtered 
and, after addition of light petroleum, allowed to 
evaporate spontaneously, when the atropine 
separates out first, tho mother liquors containing 
another alkaloid (Pesci, 0. 10, 426). 

Properties. —Needles (from dilute alcohol). 
.SI. sol. water; v. sol. alcohol, and chloroform, 
m. sol. ether. Tho solutions are alkaline to 
test-paper, and taste bitter. Its salts enlarge 
tho pupil of the eye. -05 to -2 g. is a fatal doso. 
Three drops of a 1 p.c. solution of (artificial) 
atropine enlarges the pupil to the maximum 
extent. Atropine overcomes tho stoppage of 
the heart’s action produced by muscarine. 

Reactions. 1. When evaporated to dryness 
with fuming IINO, a residue is left which is 
turned violet by alcoliolic KOII—2. Chromic 
acid mixture forms benzoic acid.—3. A solution 
in HC1 gives with gold chloride an oily pp. that 
quickly changes to lustreless crystals which 
melt under water or, when dry, at 136°.— 
4. Tannin gives, in very dilute neutral solutions 
a white pp., Bol. HC1.—5. Potassio -mercuric 
iodide gives a whito cheesy pp.—6. I in KI 
gives a brown oil which solidifies after some 
time.—7. Picric acid gives, in somewhat diluto 
acid solutions, a crystalline pp. - 8. Cone. H..HO 
gives, on warming, a pleasant odour.—!). Cya¬ 
nogen gas passed into an alcoliolic solution 
gives, after some time, a red colour.—10. Chlo¬ 
ride of iodine forms a dark yellow pp., sol. on 
wanning, and separating out on cooling in 
brown crystals (l)ittmar, B. 18, 1612).—11. De¬ 
composed by hot baryta-water or cold cone. 
HC1 into tropic acid and tropine (Kraut, A. 
128, 280; 133, 87 ; 148, 240; I.ossen, A. 138, 
230).—12. Ilot cone. HOlAq at 120° gives 
tropine, tropic acid, atropic acid, iso-atropic acids, 
mid (at 180°) tropidine.—13. With NaNO., 
II 2 S0 4 , and subsequently NaOII a violet colour 
is developed.—14. Glacial HOAc and II 2 SO, 
produco on prolonged warming a greenish-yellow 
fluorescence (Fliickiger, Ph. [3] 16, 800).— 
15. H„SO, and KCIO, give a greenish-blue colour 
(Vitali, Ph. (3) 12, 459). 

Salts.—B'HAuCl, [135°—137°].— B'HJPtCL 
(908°).—B’HCl 2IIgCl, (Gerrard, Fr. 24, 601)“ 
BTIIIjj brown prisms (Jorgenson, 5, 673).— 
BTIII,.—B'.H.SO,; needles, got by adding an 
ethereal solution to an alcoholic solution of 
H.SO, Valerate B'C s H, 0 O 2 Jaq [42°1 (Call- 
mann, ipr. 76, 69). J 1 

Additional References.— Gunther, X 1869 
781; Ft. 8, 476 ; Lefort, Ph. [3J 2, 1029 ; C. O. 
1873, 797; Brunner, B. G, 96; Newark, C. O. 
1872, 530; Guliolmo, Fr. 2, 404; Ludwig, Ar. 
Ph. [2] 107, 129 ; Schmidt, A. 208, 196. 

Ethyl-atropine C„H„EtN0 2 . Formed by 
action of Ag a O on its liydriodide, B'HI, obtained 
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by heating atropine with Btl at 100° (Lossen, 
A. 138,239). A syrup, sol. water. 

Apoatropine C.jIIj.NO,. [60°-62 0 ]. Formed 
by treating atropine with HNO, (Pesci, 0. 11, 
638; 12, 60). Prisms; si. sol. water, v. e. sol. 
alcohol. Decomposed by baryta-water at 100° 
into tropine and atropic acid. Docs not enlarge 
the pupil. Salts.—B'HAuCl, [180°] amor- 
phous.—B'HjSO, 5aq. 

Pseudo-atropine v. ATBOiACTYL-TiiomNK. 

Hydro-apo-a tropine 

CH s .CHPh.CO.O.CR i .CH.,.C! i H,NMo. Prepared 
by the action of nascent hydrogen on apo- 
atropine (Pesci, Alta d. Acad.dei Lined, 5, 3*29). 
Oil. Decomposed by baryta-water at 100 ° into 
B-phenyl-propionic acid and tropine. Forms 
a crystalline compound with HgCL. Neutral 
KMn0 4 oxidises it to * homo-apo-atropino ’ 
C J 6 Hj{,N 0 2 , an alkaline oil which forms the 
following salts: B',CO„ B'JLPtCl,,, B'HAuCl 4 , 
B' 2 H 2 S0 4 zaq, B'.jil.BdCIa; its hydrochloride 
gives while pps. with tannin, Mayer’s reagent, 
and HgCl 2 ; and it gives a blood-red colour 
with fuming HNO.,; heated with baryta-water it 
gives a-phenyl-propionic acid and tropigenine 
(Pesci, 0. 12, 285, 329 ; Merling, 13. 15, 289). 

Homo-atropine v . Pjienylglyoolyl-tuopeixe. 

Meta-atropine v. Tropine. 

ATROPYL-TROPElNE C.^NO... Anhydro - 
atropine. Obtained by heating tropine hydro¬ 
chloride with atropic acid and 11 C 1 (Ladenburg, 
A. 217, 102; B. 13, 1085). Oil.—BTfAuCl 4 : 
small needles. 

ATR0XIND0LE v. o-Amido-ci-phenyl-puopi- 
ONIO ACID, p. 179. 

AURANTIIN C.. 3 TT, ( P 1 ,4aq. [171°]. S. *33. 
[«]j» — 04*57°. A glucoside in the flowers of 
Citrus decunuma (E. Hoffmann, 1). 9, 091). 
Yellow monoelinie prisms. Bitter taste, (lives 
a brownish-red colour with Fe 2 Cl 6 . 

AURATES. Auric hydroxide Au 2 0 4 H 2 
(«Au 3 0 3 .H 2 <)) reacts with HNO.,Aq to form the 
compound Au(NO ;i ) ;i .IINO 3 .3H 2 0; from this seve¬ 
ral basic nitrates and one or two sulphates of gold 
may bo produced (Schotllander, A. 217, 312). 
But Au 2 O s .H s O also dissolves in KOHAq, and on 
evaporation at a gentle heat and finally in vacuo, 
crystals are obtained, which when dissolved in 
water, recrystallised, drained, and dried in vacuo, 
are said to have the composition Au..0 3 .Kj). 31L0 
(»Au 3 0 4 K 2 .3H 3 0). Aurate of potassium is very 
soluble in water, forming an alkaline liquid 
whicli is easily decomposed by organic com¬ 
pounds and by heat; tlio solution gives pps. 
with solutions of various metallic salts, c.g. CuCL; 
these pps. are said to be aurates, but very little 
is known about their composition. An aurate of 
ammonium of indefinite composition, known as 
fulminating gold, is formed by pptg. a solutioh 
of a gold salt by excess of NH 3 Aq, and foiling 
in NH 3 Aq ; or by digesting Au 2 0 s H..() in 
(NH 4 ) 3 S0 4 Aq (Frcniy, A. Ch. [3], 31^ 480; 
Figuier, id. [3] 11, 311). M. M. P. M. 

AURIC ACID. The hydrated oxide*of gold 
Au 2 0 8 H. 2 0 is sometimes called auric acid because 
of its salt-forming reactions with alkalis ( v.supra ). 
This compound is best prepared by adding 
NaOHAq to very dilute AuCI 3 Aq, in the ratio 
HNaOH:AuCl s , (the AuCl a Aq should be prepared 
in about the ratio AuCl 3 :800iLO) ; warming till 
the liquid is dark brown; adding Na 3 S0 4 Aq; 


allowing pp. io settle; washing repeatedly by 
decantation, and then on a filter, until {he 
washings are froo from H 2 S0 4 and HC1; boiling 
pp. with cone. IIN0 3 Aq ; and again washing free 
from acid (Thomsen, Th. 3, 891). According to 
Kriiss (B. 19, 254(5), A 11 _.O 3 .ILO is better prepared 
from Aii,Cl„.Aq by ppg. with magnesia alba, 
boiling with dilute HN0 3 Aq, washing with water, 
and drying over P 2 O v Au.0 3 .II.0 is easily 
soluble in HBrAq and IIClAq, with production 
of much heat, and formation of AuCl,IfAq and 
Aul3r 4 HAq respectively (i». Gold). M. M. P. M. 

AURINE v. Bosolic acid. 

AUSTRALENE v. Turpentine oil. 

AXIN v. Aoe, p. 87. 


AZAMMONIUM COMPOUNDS. Compounds 
obtained by oxidising mono-alkylated o-amido- 
azo compounds, or by heating azimido-com- 
pounds with alkyl iodides followed by moist 
AgX) (Zincko a. Lawson, B. 20, 1173). Thus 
C lj iI ; ,.N:N.C ll ,H i; .NIl.C (j II. l gives, on oxidation 
with chromic acid, C 2 ,1I, .N,() which might bo 
expected to have the formula: 

y'N(OH).CJI J 

c„u/|\ 

'N—N.C„IIj 

Naphthalene - di - phenyl - azanimonium hy¬ 
drate 


aJI,„N s .OH i.r. c ls ir /1 \ 


.N(()H).C U H, 


\n.n.cjt. 


(?)• 


The chromate is obtained by the oxidation 
of benzene -azo - phenyl - (/9) - napbtliylamino 
N.CJL 


C.,,11 


/l 


1 (?) with K.,Ci\.0 7 and acetic 

\\.NHC (i If 5 
acid. It is converted into the chloride by boil¬ 
ing with alcohol and IICl till all the chromic 
acid is reduced. The hydra to is obtained 
from the chlorido by Ag.,0. Its solution has a 
greenish fluorescence, is strongly alkaline, and 
tastes bitter; it dccomposes on evaporation. 

Halts.—Like the base, they have a greenish 
fluorescence in aqueous and alcoholic solution, 
and a bitter taste. — 0 22 H, (i N 3 Cl: glistening 
j prisms, v. sol. alcohol, less in water; it forms 
sparingly soluble duublo chlorides with SnCI 2 , 
ZnCl 2 , JIgCIj., <frc.—(C 2 ,JI I( ,N 3 Cl) 2 PtCI 4 : si. sol. 
crystalline pp. — 0 2 Jl 1 )i N 3 ) lLS0 s : glistening 
I transparent needles or prisms, v. sol. hot alco 
hoi, si. sol. cold water. — C. ! ._. 2 H, (i N 3 N0 3 : long 
flat glistening needles, v. sol. hot alcohol, si. 
sol. water. — (C 22 H, li N 3 ) a Cr 3 0 7 : long yellow 
needles, sol. acetic acid, v. si. sol. water.— 
>-(0,,H 18 N 3 )C ti H,(N0 2 ) 3 0: f213°J; small yellow 
needles, v. si. sol. water (Zincko a. Lawson, B. 
20, 1172). 

AZAR0NE C,..H,,0 I . [59°]. (290°). S.O. Ig 
1*165; 1*0743. Obtained by distilling the 

rhizomes of Azarum europmun with steam 
(Boutleroff a. Ilizza, Bl. [2J 43, 114). White 
crystalline body, si. sol. water, sol. alcohol, 
ether CC1 4 , and acefic acid. Combines with Br, 
forming C,.,H )(i Br..0 3 . 

AZAUROLIC ACIDS. 

Ethyl-azaurolic acid C 2 II,N 2 0. [142°]. From 
ethyl nitrolic acid (2 g.) by the action of water 
and sodium amalgam. The yield (*25 g) is bad. 
Formed also by reducing di-nitro-etliane 
(V. Meyer a. Constain, A. 214,330 ; B. 14,1455). 

Properties.— Orange-red prisms (from aloo- 
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hoi). M. sol. hot alcohol, si. sol ether, v. si. sol. 
water, chloroform, benzene or light petroleum. 
Alkalis form a deep orange solution. At 142° it 
melts, with decomposition, leaving a liquid 
which, after solidifying, melts again at 133°. 

Reactions.— 1. Ammoniacal solution gives 
with AgNO.,a brown pp., and with salts of Zn or 
Pb, yellow pps. A solution of the ammonium salt 
deposits, on evaporation, needles of the free acid. 
2. Heat , dilute acids, nascent hydrogen, and 
ammonia all convert it into ethyl-leucazono: 
2C,II t N,0 + H,0 - C 4 II 7 N s O + 0 + NH 3 0 the oxy¬ 
gen converting another portion of ethyl-azaurolic 
acid into acetic acid, N, and N.C.—3. K.Cr.,0, 
and II 2 S0 4 give acetic acid and CO r 

Constitution .—Its formation from ethyl- 

nitrolic acid indicates the group MeC<^, and 

the presence of Me.C is shown by the production 
of acetic acid on oxidation. Ethyl-azaurolic 

acid would then be Me.CII<^j ^>0 or, more 
probably, MeCII(NO).N:N.CH(NO)Mo or perhaps 
MeC(NO):M.NH.CMo:NOH. 

Ethyl-leucazone 0 4 II,N,0. [168°]. Formed 
together with nitrogen, N a O, and hydroxy lam ino 
by heating ethyl-azaurolic acid with diluto HC1 
(M. a. C.). Satiny needles, ltcddens litmus. 
Combines with acids, bases, and salts. V. sol. 
alcohol or water, insol. ether. Its aqueous solu¬ 
tion is turnod red by Fe..Cl fl and oxidised to 
acetio acid by K 2 Cr 2 0 T and II,S0 4 . 

Salts.—11'.,ILS0 4 : [1G1-5 0 ]; prisms, sol. 
ordinary (90 per cent.) alcohol.—Ba(C 4 lI 6 N 3 0) r 
—C 4 H 7 N 3 0AgN0 3 . J 

Propyl-azaurolic acid C 3 H (t N 2 0. [PiT’C 0 ]. ; 

From propyl-nitrolic acid by sodium-amalgam. 

AZELAIC ACIDS C fl H lu 0 4 . 

n-Azelaic acid 

CO v H.CIl r CU..CH,.CH.,.CII...CH,.CIL.CO,JI. 
[118°]. Formed by reducing lmtyro-furomc 
acid with HI and P (Tunnies, B. 12, 1200). 
Slender needles (from chloroform). 

Azelaic acid C,,H, tf 0 4 . Anchoic acid. Lcp- 
argylic acid. Mol. w. 188. [100°]. (above 

800"). S. -108 at 12°; S. (ether) 1-83 at 11°. 

Formation.— 1. By tho oxidising action of 
HNO s upon Chincso wax (Buckton, C. J. 10, 
1 GG), cork, oleic acid (Laurent, A. Ch. [2] 00, 
154), cocoa-nut oil (Wirz, A. 101, 205), castor 
oil (Arppe, A. 120, 288; Ganttncr a. Hell, B t 
14, 500,1545), and enninoic acid (Kral'ft, B. 11, 
1415).—2. From oleic and KMn0 4 Aq (Saytzeff, 
J.pr. [2] 33,301). 

Preparation. Castor oil is oxidised by 1IN0 S 
(S.(}. 1*25). Hcptoic acid is distilled off with 
steam, and tho hot residual liquor poured off 
from a heavy nitrogenous oil. On cooling, 
suberic and azelaic acids crystallise. Pure 
suberic acid is got by washing the mixed acids 
with ether, which dissolves azolaic acid as well 
as oily impurities. The other is evaporated, 
tho residue dissolved in boiling water and NaCl 
added. Oily matter then separates and azola'fc 
acid crystallises from the brino (Dale a. Schor- 
lemmer, C. J. 35, 084 ; cf. Ganttncr a. Hell, B. 
14, 1545). 

Properties.— Large thin plates, not volatile 
with steam. Sol. water, alcohol, and ether. 
Nitric acid oxidises it to succinic acid. It does 
Dot give a homologue of suberonewhen distilled 


with slaked lime, henoe its constitution is pro¬ 
bably not analogous to that of the homologous 
suberic acid. 

Salt s.—K, A": small plates.—K^A" 2aq: 
needles.—KHA".—KH 3 A./.-Na,A' / aq; soluble 
plates.—Na 3 HA" 2 .— (NII,) 2 A": large plates.— 
(NH,)HA".~BaA"aq: S. *05 at 10°; *628 at 
100°.—Sr A" aq. - CaA"; crystalline powder; S. 
•185 at 17°; *193atl00°-MgA"3aq.-MnA"3aq: 
slender needles; S. *200 at 11°; *108 at 100°. 
— NiA"0aq. — CoA" Gaq. — ZnA": crystalline 
pp.; S. ’020 at 12°.—PbA": white pp.; S. *006 
at 24°.—Ag.A": white pp.; S. '0015 at 14°.— 
CuA".—Fe(OH)A" 2aq. -CdA". 

Ethyl ether ELA". (260°). Decomposedon 
boiling. 

AZIDINES. Compounds related to hydra¬ 
zines (g.v.) in the same way that amidines are 
related to amines. Thus the hydrochloride of 
phenyl-hydrazine acting on a solution of benz- 
imido-ether in absolute alcohol produces dark 
red needles of di - phenyl - bcuz - azidine, 
Ph.C(NII.NPhH):N.NPhII; while form-imido- 
ether gives, when similarly treated, d i - p h e n y 1 - 
formazidino CH(NH.NrhH):N.NPhlI [185°] 
(Pinner, B. 17, 182, 2002). 

AZIMIDO- COMPOUNDS. This terra was 
originally applied by Gricss (B. 15, 1878) to the 
compounds obtainoil by tho action of nitrous 
acid upon ortho-diamines, which are probably 


of tho form It' 



and was extended by 


Zincke (B. 18, 3134) to compounds, probably of 
/ N \ 

the form lt"^ | ^NIV,got by oxidising o-amido- 


azo- compounds (hydrazimido- compounds). The 
first formula may also bo written 


which stands to It"<^ in the relation that 

diazobenzone anilide stands to a mixture of 
diazobeuzeno chloride and aniline. 


Azimido-benzene C„H 5 N 3 i.e. CJfy 


/ 


\ 


N\ 

l> 

■IK 


,NH 


or [9!)°]. From aqueous o- 

phenylcne-dinmine sulphate and KNO* (Laden* 
burg, B. 9, 222). Needles (from benzene). 
Azimido*nitro-beni,ene C,H ( N t O, i.e.. 

or C t II,(NO.J<h [2H 0 ]. 

Formed by passing nitrous acid into a solution 
of nitro-o-phonylene diamine (Hofmann, Pr. 10, 
44)0). Long white prisms, v. sol. alcohol and 
ether, si. sol. cold water. Nitrous acid does not 
affect ll, hence it docs not contain NH a . 

Salts.—C„H,KN t O.,- C„lI :( AgN 4 O a . Not 
affected by boiling 1IC1, or KOH. 
Azimido-tolueae C 7 H 7 N 3 i.e. 

N 

CH,.CJI,<^ | ^NH or 

[83°]. (823°). From aqueous tolylene-o-diamine 
sulphate and KNO a (L.). Prisms containing 
C ; H„ (from toluene). V. sol. alcohol, m. *ol. 
ether and boiling water. Not affocted by HClAq 
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at160 s . Sail*.—BBC!; decomposed by miter. 
-B'Jjy’tOl,. 

Acetyl derivative 0,H,AoN,. [180°]. 
From acetvl-o-tolylene diamine, HOI, and NaNO, 
(Boessneck, B. 1!), 1758). Needles. 

(A)-Azimido-benzoic acid - C,H,NjO.. i.e, 
,N\ ,NH 


CO.H.C.H.^pNH or CO.H.CJt, 


•N, 


i.e. C.U,/ |J>N.CO.F,t or C„H,< 


From the hydrochloride of di-amido-bcnzoio 
acid, CO,H.C ti H 3 (NH,) s [1:3:41 and KNO, (Gricss, 

B. 2, 436). Also by "the action of boiling potash 
upon C,H 3 (COJI)(NOJ(mCO.NH.,) [1:3:4] and 
upon C 6 H;,(C0 2 H)(NOjj) (NII.CO.NIl 2 ) < [1:4:3] 
(Gricss, B. 15, 1880). This seems to indicate 
the symmetrical formula. Short needles, con¬ 
taining water of crystallisation ; v. si. sol. water. 
Not attacked by warm fuming HNO a . 

( 7 )-Azimido-benzoic acid. Prepared similarly 
from CO,H.C e II 3 (NH.,) s [1:2:3]. Long hair-liko 
needles (G.). 

Azimido-benzeno-v-carboxylicethor C 9 II„N 3 0.. 
yN V yN.CO.12t 

- <i,' • 

[73°]. From the hydrochloride of o-arnido-phenyl 
carbarnic ether and KN0 2 (Rudolph, B. 12, 
1295). 

Phenyl-azimido-naphthalene 

I [108°]. Fine white needles. 

\ N / 

Soluble in hot acetic acid, sparingly in alcohol 
and benzene. Formed by oxidation of benzenc- 
azo-(j8)-naphtliylamine with Cr0 3 in acetic acid 
solution. It is not attacked by strong Il.SO,, 
acotio anhydride, or reducing agents (Zincke, B. 
18, 3136). 

o-Oxy-phenyl-azimido-naphthalene 

C„\l /1 \n.C b H,(OH) [1 :2] [140°]. Whito 
\ N / 

silky needles. Easily soluble in alcohol and 
benzene. Formed by oxidation of an alkaline 
solution ofo-oxy-benzene-azo-(/3)-naphthylamine 
with load peroxide. It is not attacked by strong 
H 2 S0 4 , acetic anhydride, acetyl chloride, or re¬ 
ducing agents (Z.). 

p-Oxy-phenyl-azimido-naphthalene 
y-Nv (1) (4) 

C, *H| >N.C # H 4 (OH). [199°]. Thick crystals 

\n/ 

or whito needles. Soluble in hot alcohol and | 
hot acetic acid, sparingly in benzene. Formed 
by oxidation of an alkaline solution of oxy- 
benzene-azo-(/3)-naphthylaininc with lead per¬ 
oxide. It is not attacked by reducing agents. 
Acetyl derivative’ 

C„,H /) \n.C,H,(OAc) (165°); thin sifity 
plates (Z.). 

Tolyl - azimido - toluene C, ,II la N 3 i.e, 

O.Hy | \nC,H,. [125°). V.D. = 7-23 ttor 8-32). 

Formation. —1. By oxidation of p-toluene- 
o-azo-p-toluidine [1:4] C < H ) Me.N s .C t H,Me(Nli.) 
[4:1:2].—2. By heating tho imide of o-diazo- 
toluene-azo-toluene or by boiling its acctio acid 
solution, K, being evolved.—3. Together with an 


amido-phenol or diamine by reduoing with SnOl, 
the azo compounds obtained by oombining 
o-diazo - toluene-azo - toluene with phenols or 
amines (Zinoke a. Lawson, B. IP, 1455 ; 20, 
1178). 

Properties.— Thin colourless plates. Sol. 
benzene, hot alcohol, and hot HOAo. Not 
attacked by hot Ac/), cold Il.SO,, or reduoing 
agents. 

AZINES. Compounds of tho typo 

X'\ | >Y". Thus, phenazino may bo repre- 

\ N / 

sonted by tho formula 

CII N CH 
C/T\C 




ncV^\!/ ( y^yca 

CH N CH 

or C„Il/‘| \c,H„ 

\n/ 

and tho nomenclature of other azincs may be 
gathered from two examples (Ginsberg, B. 20, 21). 

/ N \ 

Phen-naphthazineC b U,C | ^C, 0 II r 
\ N / 

/ N \ 

Tolu-naphthazino C,H^ I >C 10 II r 

Derivatives of quinoxaline 
CII N 

I1C|^\1X'\ ) CH 

CH N 

are callod quinoxalincs, e.g. tolu uuinoxaline 

.N—CII 

Cyllg^ I II_ » and naphtho-quinoxaline, 


-CH 


,.n /1 

\n 


N-CH 


CII 


Formation.— 1. From o-diamines and o- 
qui nones or o-di-oxy- compounds.—2. By oxida¬ 
tion of a mixture of o-diamine and phenols (e.g. 
(0)-naphthol).—3. By boiling certain azo-aye- 
stulTs, derived from secondary amines, with 
dilute acids; e. 0 .sulpho-benzeno-azo-phenyl-(jS). 
naphthyl-amine yields naphtho-phenazino and 
sulphanilic acid C„H 4 (S0 3 H) N 2 .C l# H„.NHC fl H, - 

c ,.H.<l>C,H, + C„ H i (S 0 l a).NH 2 (Witt, JB. 

20, 571).—4. By fusing o-quinones with ammo¬ 
nium acetate, or by heating them with alcoholic 
Nil, (Japp, C. J. 51,100). 

Properties.—Weak crystalline bases; their 
salts being decomposed by water, Reduced by 

SnClj lo hydrides, K<^|£>R', whence Fc.Cl, 

regenerates the original azine. 

Azine-ammonium bases. Compounds of th« 
/N\ 

form X'\ | /Y" . They have also been called 
\NR(OH) 

Azonium bases (Witt, B. 20,1183), a term pre¬ 
viously applied by Fischer to quaternary hydra¬ 
zine derivatives. 
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Azmsttobmic acid. 


AZINStrOCIKIO ACID 

(C0 ? H) J 0,H 2 :N.N:C 2 H 2 (C0 2 H) r Crystalline 
solid. Very soluble in water and alcohol. Not 
decomposed by acids or alkalis. The ethers of 
this acid are obtained by the spontaneous de¬ 
composition of the ethers of diazosuccinic acid 
C.,H 2 N 8 (CO.,H ) 2 on keeping, half the nitrogen J 
being evolved. A lv 13a 8 : sparingly soluble yel¬ 
lowish-white powder. 

Tctra -methyl - ether A w Me 4 • [150°]; 
silky whito prisms; easily solublo in hot water 
and alcohol, sparingly in cold water, alcohol, 
and hot ether; not volatile with steam (Curtius 
a. Koch, B. 18. 1299). 

AZO-ANILINE v. Amido-benzene-azo-anilino 
under Azo- compounds. 

AZO-BENZENE v. Benzene-azo-benzcnc 
under Azo- compounds. 

TRIAZO-BENZENE and its derivatives v. 
Dxazo bknzknk imidk and its derivatives. 

AZO-BENZOIC ACID v. Carboxy-benzenc- 
azo-bcnzoic acid under Azo- compounds. 

AZO- COLOURING MATTERS. 

History .—The series of compounds comprised 
under this class contains one or moro diatomic 
groups *N:N* linking together acid or basic aro¬ 
matic radicles. Of a very large number of azo¬ 
compounds known to science only a certain pro¬ 
portion aro of technical value, and these are 
manufactured in largo quantities owing to their 
importance as colouring matters. The first 
azo- compound introduced into commerce was 
tho oxalate of amidoazobenzone (‘ aniline yel¬ 
low,’ v. bcnzene-azo-anilinc), C B H v N 2 .C tt H 4 .NH.,, 
manufactured in 1803 by the firm ot Simpson, 
Manic Si Nicholson, by the action of nitrous gas 
on aniline dissolved in alcohol. Three years later 
triamidoazobenzeno, NH...C 6 H 4 .N a .C (J H. l (NH ..) 2 
(u. Amido - benzeno - azo - phenylcne - diamine 
under Azo- compounds), was manufactured at 
Manchester and introduced under tho name of 
‘ Manchester brown ’ (‘Bismarck brown,’ ‘ Plumy- ! 
leno brown,’ ‘ Vesuvine ’). This compound was 1 
prepared by the action of nitrous acid upon m- 
phenylone-diamine. In 1875 iliamidoazobenzenc, 
C«H v N 2 .C t .IL,(N H,), (v. Benzene-azo-plienylene- 
diamine), was discovered independently by Caro 
and Witt ( B. 10 , 218, 850) and introduced into 
commerce by the latter under tho name of 
1 chrysouline.’ Thoso basic colouring-mattcis 
were soon followed by acid azo- compounds of 
greater technical value (B. 10,1878, 1509), and \ 
numerous patents have since that time been I 
taken out, tho general mode of preparation being j 
similar in principle to that first employed in 1 
1870 by Kekul 6 and' llidegh (B. 8 , 233). These 
are tho chief points in the industrial history of 
these compounds; the chemical history will be 
referred to under tho individual compounds. 
Azobenzene, C ( ,H v N.,.C tj H a (u. Bcnzone-azo-bcn- 
«ene), which may bo regarded as the prototype 
of the azo- compounds, has been known since 
1834 (Mitscherlieh, A. 12,311), but the industrial 
development of theso products is largely due to 
tho researches of Griess upon the diazo- com¬ 
pounds (A. 10G, 123; 113, 201; 117, 1; 120, 
125; 121, 257; 137, 39). The theoretical views 
which have lod to the adoption of the fonnuho 
at present generally received have been deve¬ 
loped chiefly by Kekuld (Z. 1806, 2, 309, 689). 
format ion,~- 1 , Compounds of the azoben¬ 


zene type are produced by the action of mild 
reduoing agents, suoh as alcoholio potash, alco- 
holio KOH and zino dust, iron and acetic acid, 
or sodium stannite, upon the corresponding niiro- 
bodies : 2C 1) H i .N0 2 + 4H, = C,H 5 .N.,C,H a + 4H a .O. 

2 . By the oxidation of the corresponding 
amido-derivatives by potassium permanganate, 
bleaching powder, chromic acid, liydric peroxide, 
Ac., thus: 2C,JI i .NH„ + O., - C b II 5 .N 2 .C b lI 5 + 2H,0 
(Glaser, Z. [2J 2, 308). This method is applicable 
to tho sulphonicacid8 and other derivatives of tho 
amido- compounds: 2C (1 II 3 (CII 3 )IJS0 3 .NH 2 + 0 2 » 
N 8 (C 0 H 1 .CH 3 .IIS () ;t )2 + 2Il„0 [illustrating the 
production of azotolucncdisulphonio acid from 
toluidinesulphonicacid; Kornatzki, A. 221,179J. 

3. By the action of ctliyldichloramine 
(Tscherniak, B. 9, 147) upon certain aromatia 
aminos(c.j 7 .;)-toluidine): 2C 7 H..NM. + CUI,.NCL=. 
CJI..N1IJIC1 + IIC1 + C 7 H r .N.»C 1 .If J (Pierson a. 
Heumann, B. 16, 1018). 

4. By the action of nitroso- compounds upon 
amines and phenols: C ti H s .NO + II..N.C 0 H 5 = 
C,iH 5 .N 2 .C, ; H 5 i-II^O (production of azobenzone 
from nitrosohcnzcnc and aniline; Baoyer, B. 7, 
1638). Similarly HO.C u II 4 .NO + H.,N.C 0 H 5 = 
H().C (i II,.No.C u H 5 + II 2 0 (production of benzene- 
azophenol from nitrosophenol and aniline; Ki- 
mich, B. 8, 1026). According to Hcnriquos, 
substituted amidoazo-compounds are produced 
by the action of ethyl-^-naphthylnitrosamine 
upon aniline, Ac.: N(C 1( ,II } )Et.NO + H..N.C B IL* 
^(CjuHjJEt^N.j.CyH.,) -i- H 2 0. The diazo-com¬ 
pound immediately becomes transformed into 
tho isomeric benzoneazo-cthyl-/3-naphthyl-amine, 
C„II.s*N 2 .G )g H I( ,NIl.Et [B. 17, 2068, v. also O. N. 
Witt, B. 10, 1309). Amidoazobonzene reacts 
in a similar manner with tho same nitrosamine 
forming C 6 II..N..C 1 .H l .N 2 .C 10 H (; .NH.Et. 

5. From azoxy-compounds by intramolecular 
transposition, such as the formation of oxy- 
azobenzono (bcnzono-azo-phenol) by warming 
azoxybenzono with strong sulphuric acid 

C,H t .N,C fi II,OH (Wallach a. Belli, 

B. 13, 525). 

6 . By the action of phenylhydrazino upon the 
naphthoquinones: C l0 II (j O 2 + H..N.NH.C 0 H S =- 

.C (i H 5 + ^O- The naphthoqui- 
nonehydnizide then undergoes intramolecular 
transposition with the formation of an azo¬ 
compound: HO.C l0 H (i .N:N.C 6 H s . The compound 
thus obtained from (r)-naphthoquinone is iden¬ 
tical with benzene-azo - (a) - naphthol, while 
(0)-naphthoquinone givps a compound which is 
isomeric and not identical with benzenc-azo-(i8). 
naphthol (Zinckc a. Bindewald, B. 17, 3026). 

Preparation. —The method in general use for 
the preparation of azo- colours is that depending 
upon the readiness with which diazo- compounds 
react with amines and phenols. In practice it 
is not necessary to isolate the diazo- salt, but the 
amido- compound which is to bo converted into 
a diazo- salt is treated with the necessary quan¬ 
tity of sofiium nitrite and acid to diazotise the 
NH, group, and the solution of the diazo- salt is 
then mixed with the solution of the amine in 
acid or the phenol dissolved in alkali. During 
the process of diazotising, the solution contain¬ 
ing tho amido-coinpound must be kept well 
cooled, as the diazo- salts are very unstable, 
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•specially in aqueous solution. Most aromatio 
amido- compounds lend themselves to this re¬ 
action, the azo- colours of commerce being pro¬ 
duced by the action of diazotised amines, 
amido-sulphonic acids, or amido-carboxylio acids, 
upon amines, phenols, amido-sulphonic and 
oxy-sulphonic acids. A selection of typical re¬ 
actions illustrating the formation of these com¬ 
pounds by the present method may be here 
. conveniently discussed: 

'• t (a) When a salt of diazobenzene acts upon 

$knilino the first product of the reaction is 
palwaysdinzobenzenoanilide(diazoamidobenzene): 

C#H 4 .Njj.C 1 + C a H y NH..=C fl H 5 .N r NII.C,H 5 + HCI. 
The latter compound was first produced by the 
action of nitrous gas upon aniline dissolved in 
cold alcohol (Griess, A. 121,258). When allowed 
to stand in the presence of aniline and aniline 
hydrochloride, or when acted upon by hydro¬ 
chloric acid or unstable metallic chlorides in 
the cold, tho diazobcnzencanilido is slowly 
converted into the isomeric amidoazobenzono, 
C # H i .N a .C tt H,.N]L. This last compound is manu¬ 
factured on a commercial scale for the prepa¬ 
ration of other azo- colours and tho indulines 
(q. v.). In tho caso of other amines in which 
the para- position with respect to the NIL group 
is open (or the ortho- position in tho naphtha¬ 
lene scries), the transformation of diazo- into 
amidoazo- compounds takes place with great 
readiness. Thus, by the action of nitrous acid 
upon o - and m- toluidine, w-xylidino and tho 
naphthylaminos, amidoazo- compounds are at 
* once formed. 

(b) Tho salts of tho aromatic diazo- com¬ 
pounds react with primary and secondary mon- 
amines, but not with tertiary monamines of the 
fatty scries. Tho resulting products are diazo¬ 
compounds, such as CJI-.No.NH.C.Hj (diazo- 
benzene-etliylamide) and C,.H : ,.N 2 .N(CII 3 ) 2 
(diazobenzencdimethylamide). Tho diazo-com¬ 
pounds of this class do not furnish isomeric 
azo- compounds (Baeyer and Jiigcr, B. 8 , 118). 
True azo- compounds of a mixed aromatic and 
fatty type arc produced by the action of dia/.o- 
compounds upon the sodium derivatives of 
nitro-hydroenrbons of tho fatty scries, c.g. 

C 6 H,.N..N0 3 + NaCJIj.NO, - 
C b IL,.N 2 .G.H ,.N 0 2 ”+ NaNOj 
(formation of benzeneazonitrootlmne, V. Meyer 
and pupils, B. 8 , 751,107:1, 1078 ; 9, 884 ; 12, 
2285). 

(c) Diazo-compounds always furnish true azo¬ 
compounds with secondary and tertiary aro¬ 
matio monamines, such as C ti H i .N 2 .C ti II,.NMo 2 
(benzene-azo-dimethylaniline) by the action of 
diazobenzene upon dimethylanilinc (Griess, B. 
10,528),and C u H v N 2 .C (i ll ..NU.C.Il, (bonzene-azo- 
diphenylamine) by the action of diazobenzene 
upon diphcnylamine (Wilt, B. 12, 259, and C. J*. 
85, 185). 

(d) Tho action of diazo- compounds upon 
aromatic diamines is typified by the action of 
diazobenzene-chloride upon m-diamidobenzene 
to produco clirysoldinc: C„H s .N a .Cl + C„H*(NH.J 2 
= C a H 5 .N 2 .C K H 3 (NII 2 ) r HCl. Nitrous acid gives 
with ortho-diamines a class of substances termed 
by Griess azimido- compounds: 

C„H t (Niy, + UNO, = C,H,<!>NH + 20H,, 
(Hofmann, A. 115, 249 ; Ladenburg, B. 11,219; 


Rudolph, B. 12, 1298; Griess, B. 15, 1878). 
Metadiamines give under the same circum¬ 
stances compounds of the type of triamidoazo- 
benzene (Bismarck brown)2C u H,(NH i ) 2 + HN0 2 =» 
(NH.)C,H 4 .N,C d H :< (NII,).. -f 21l,0(Caro a. Griess 
Z. 1807, 278). J3y acting with an excess of 
HNOj upon p- and in- C ( 1 H 4 (NH 2 ) 2 in acid 
solution with suitable precautions both these 
diamines can bo diazotised and give azo- colours 
when combined with phenols (Griess, B. 17, 007 
and 19, 317). 

(e) The formation of azo- colours from diazo- 
compounds and phenols as illustrative of the 
general method of technical production is shown 
by the following typical examples: C 11 H,.N...NO, 
-i- OJIj.ONa -= C 8 II v N.,C (i H 1 .OH -t NaNO.,' 
(benzeneazophenol from diazobenzene nitrato 
and sodium phonate: Kekuld and llidegh, B. 
3, 233). By a similar reaction would bo formed 
such compounds as bonzoneazorcsorcin, 
C U H V N,,.C 8 H 3 (011).. (Typkc, B. 10,1570), benzene- 
azo-(a)-naphthol, CJlj.No.C^IL.OHa, Ac. (ibid. 
1580). Azosulphonic acids aro formed by tho 
action of diazosulplionic acids upon phenols, or 
by the action of diazo- salts upon plicnolsulphonio 
acids, thus, for example, /)-suIphobenzeno- 
azo-0-naphthol (Poirrier’s ‘Orange No. II.’), 
HSOa.CyH^Nj.C^Hrt.OH^ from diazo - benzene 
sulphonic acid and sodium ( 0 )-naphtholato; 
benzeno-azo-(( 8 )-naphthol disulphonio acid, 
C S II 5 .N a .C, o H 4 (HSO ;( ).,.OH0 from d iazo-benzene 
and (/3)-naphthol sodium disulphonatc (‘ Orange 
G,’ Mcister, Lucius a. Briining), or p-sulpho- 
benzeno - azo - (/3) - naphthol disulphonio acid, 
HSO a .C ti H v N it .C 1 „II,(II«O s )...OIl/3from diazotised 
sulphanilic acid and (jS)-naplitholdisulphonic acid 
sodium salt (Meldola, B. 13, 942). 

Classification and Nomenclature.— Azo- com¬ 
pounds may be described as primary, secondary, 
tertiary, Ac. according as they contain 1, 2, 3, 
Ac. N 2 - groups. Tho modes of formation above 
described have been illustrated by reference to 
primary azo- compounds, all of which (with tho 
exception of the mixed aromatio and fatty com¬ 
pounds) may be regarded as derivatives of 
azobenzene, C, ) II v N...C l TI., bonzeneazonaphtha- 
lene, C h 1I v N 2 .C, 0 H 7 and azonaphtlialene, 
C I 0 1I 7 .N 2 .C, 0 I1j, or generally, in tho case of 
phenolic azo- compounds, ns R.N 2 .P1, where It 
may stand for CVIP,, C I 0 1I 7 , CJi^ILSO;,, C t H,.N0 2 , 
Ac., and VI for C B H 4 .OII, C l(l H G .OH, 
OjoHjJIlSOaJOlI, Ac. It will he found convenient 
to write tho formula) of azo- compounds so as to 
represent the order of introduction of tho 
radicles. Thus, Cjr v N 2 .C (t H,.OH indicates the 
product from diazobenzene ami phenol, and 
would bo described ns benzene-azo-phenol; 
C.JI^HSO^Nj.C^lL.OIia is p-sulphobcnzene- 
azo-(a)-naphthol, obtained by the action of 
diazotiscd-sulphanilic acid upon (a)-naphthol; 
while C w H..N 2 .0 10 H.(HSO ; ,)OIIa is tho isomeric 
benzene-nzo - («) - naphlliolmonosulphonio acid 
obtained by tho action of diazobenzene upon 
(a)-naphtholmonosulphonic acid. The same 
rules may be followed with the more complicated 
types of azo- compounds; thus, for instance 
C u H v N 2 .C tf H 4 .N 2 .C 8 H s (OH) ai benzeneazobenzene- 
azorcsorcin obtained by tho action of diazotised 
amidoazobenzeno upon resorcin; inlikemannor 
C a H y N r C 7 H a .N J .C i H,(OH) 2 maybe called benzene- 
azotoluenc-azoresorcin by the action pf diazotised 
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benzene-azoamidotoluene upon resorcin; and! 
C*H y N t .C 4 H s (OH),.N,.O lt H 5> benzeneazodioxy- 
bonzeneazobenzene by the successive introduction 
of two diazobenzene-groups into resorcin. 
Secondary and tertiary azo- compounds of the 
types (IUg-PI*, and (R.N a ) s Pr" have been 
termed by Wallach disazo- and trisazo- com¬ 
pounds (B. 15, 22 and 2812; v. also Heumann, 
ibul 813). 

Secondary and tertiary azo-compounds .—The 
typical secondary azo- compound of the typo 
(R.N.,).jPl"iBtheso-called‘phenolbidiazobcnzene,’ 
(C (i H i .N,,),,:C ti II 3 .OH, discovered by Griess (B. 10, 
628). Compounds oi this class are formed by 
the successive introduction of two diazotised 
radicles into a phenol. Tho resorcin secondary 
azo- compounds liavo been especially studied hy 
Wallach (B. 15, 22; Wallach a 13. Fischer,ibid. 
2814), and tho crcsol compounds by Ndlting a. 
Kohn ( B . 17,351). Analogous amido- compounds 
of tho type (R.N 2 )_,:CJL(N1L).. have been ob¬ 
tained by tho introduction of diazotised radicles 
into chrysoi'dino (Griess, B. 10, 2028). Secon¬ 
dary azo- compounds of tho type Ii"(N a .Pl ) 2 liavo 
beon obtained by Wallach by aectylating one 
amido- group in a diamine, diazotising tho 
acctdiamido- compound, and combining with a 
phenol so as to produce a compound of the typo 

R,< CnII Ac* T1ic ttcety! group is then re¬ 
moved, thcNIL-group diazotised, and the diazo¬ 
compound Cl a S a ' n combined with a 

phenol (B. 15, 2825 and Wallach a. Schulze, 
ibid. 3020). Tho metadiamincs appear to lend 
themselves most readily to this method. The 
most direct method of preparing secondary azo- 
compounds of this class is by diazotising both 
amido- groups in a p- or -diamine, and then 
acting with tho product upon a phenol or phe- 
nolsulphonic acid (Griess, B. 17, 607 and 10, 
817). Another method of obtaining secondary 
azo- compounds of these types is hy diazotising 
a p-nitramido- compound and combining with a 
phenol or secondary or tertinrv amine so as to 
produeo NO,.lt".N>l or NO,.H".N...lt".NIL. 
Tho nitro- group is lhen reduced, the amido-azo- 
compound diazotised and again combined with 
a phenol, At., thus producing lt"(N 2 .l > l) s „ 

E "<N ri ’ KK ‘ &c - ( SM ‘ lu,,l > c - ^.<8.425; 45, 
106 and 47, 657). If the niiro-nzo- compound 
is combined with a monamine and the nitro- 
group reduced, a diamidonzo- coni])ound of tho 
typo NIL.K".N.Jt''-NIL is produced in which 
both amido- groups can be diazotised and com¬ 
bined with phenols so as to form tortiary 
azo- compounds, (ibid.). 

Secondary azo- compounds of theso types aro 
also formed by reducing jj-nitracetanilide, 
diazotising and combining with a phenol or 
amino so as to produce azo- compounds of the 

type C u Hj<^*p^ c ‘. The acetyl group is then 

removed, tho amido-azo- compound diazotised 
and again combined with a phenol (Nictzki, B. 
17, 343 and 1350). 

Secondary azo- compounds of the type 
R\N. : .1V'.>L.I > 1 are obtained by diazotising amido- 
azo- compounds and combining the diazo-azo- 
ealt with phonols. The typical compound, 


C,H J .K r O < H 4 .N ? .G # H 4 .OH, was first prepared 
by Caro and Sohraube ( B . 10, 2230) and several 
members of this group have since been intro¬ 
duced into commerce under the names of 
* Biebrich scarlet,’ * Croceine scarlet,’ Ac. These 
scarlets are of considerable technical import¬ 
ance, especially the latter, which are pre¬ 
pared by the action of diazotised amidoazo- 
bcnzene-sulphonio acid and its homologuea 
upon ( 0 )-naphthol-(a)-sulphonic acid. By the 
aetion of diazotised amidoazobenzeno upon 
chrysoidine a tertiary azo- compound of tho typo 

is formed (Griess, D. 

16, 2030). Secondary azo- compounds of some 
importance have recently been prepared by 
diazotising diamidodiphrnyl (benzidine) and 
its homologuos and combining the tntrazo- 
salt with phenols, amines, and their sulphonio 
acids; of these colouring matters ‘ Congo red,’ 

i C, i H 4 .N,.C 1 „II i (IISO,)Nii.« b mentioned 

! C„II l .N.„C la II s (lISO,)NH,a' “ mcmionea 

| as a typical example. Tertiary azo- compounds 
i derived from triphenyl-carbinol aro obtained by 
j diazotising the rosanilincs and combining with 
I phenols (Meldola, C. J. 17,668). 
j Constitution of Azo- compounds. When a 
diazo- compound combines with an amine or 
; phenol to form an azo- compound the N 2 -group 
I invariably takes up tho para- position with 
I respect to the NIL, NilK, Nlt z , or HO, if this 
I position is open. The proof of the constitution 
| of azo- compounds is furnished by the products 
; which they yield on complete reduction. Thus, 
amidoazobenzeno, C 0 IJ v N r C, i H v NH 2 , gives on 
reduction nnilino and p-phenylene-diamine; 
i chrysoidine gives aniline and (1, 2, 4)- triamido- 
j benzeno (Witt, B. 10, 658). The constitution 
! of some of tho azo- compounds obtained by 
combining diazosiilphonic acids with phenols 
! has been established by Griess (B. 11, 2191). 
The constitution of tho azo-naphtliol colours 
has been determined cbielly hy Liebcrmann and 
his pupils (B. 14, 1310 and 1795; Jacobson, 
ibid. 1791; also Witt, C. J. 35,179). When diazo- 
compounds act upon substituted phenols, such 
as salicylic acid, the N. r group also takes up the 
para- position with respect to tho HO-group 
(1>. F. Frankland, C. J. 37, 746); thus (a). 
naphthflleneazosttlicylic acid gives on reduction 
a-C.oIL.NIl, and C„H s (HO)(NH,)CO,ri [1:4:2] 
When the para-position with respect to the 
NIL or 110-group is already occupied the N a - 
group enters the ortho- position (Nolting a. 
Witt, B. 17, 77; Liebcrmann a. Kostanecki, 
ibid. 130, 876; Griess, ibid. 338; Nolting and 
Kohn, ibid. 851). This law holds good also 
when the para- position is occupied by an azo- 
group, as in the formation of (C fi H 8 .N.j) 2 :C 6 H g .OH 
from bcnzeneazophcnol by the introduction of 
another C B H 8 .N. r group (Nolting a. Kohn, B. 

17, 368). In the case of the (0)-naphthalene 
derivatives the N 2 -group also enters the ortho-(a). 
position with respect to the hydroxyl or ami- 
dogen group. Thus (0) - naphthol orange, 
HSO 3 .C«H 4 .N 2 .C 10 H b .OH, gives on reduction 
sulphanilic acid and (a)-amido-(/3)-naplithol,the 
latter yielding (/3)-naphthoquinone on oxidation 
(Liebcrmann, B. 14,1310). Similarly the azo- 
derivatives of (/9)-naphthylamine yield o-diamido- 
naphthalene (NH a :NH g «=«,: 0 ? ) on reduction 
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(Lawson, B, 18, 796 and 2422). The fact that 
such compounds as benzeneazo-(/8)-naphthol are 
insoluble in cold aqueous alkalis has led Liober- 
marrn to'the suggestion that these compounds 
no longer contain HO, but possess the formula 

C„H i .N<™>C li n, (B. 1G, 2858). A similar 

conclusion has been suggested by Meldola with 
respect to the (£)-naphthylamine derivatives, for 

which he proposes the formula 

thus indicating a relationship to the azimido- 
compounds above referred to ( G. J. -45, 117). 
This conclusion is supported by the investiga¬ 
tions of Ziucko and his pupils (IS. 18, 312a, 
3132 and 3142). This author has shown that 
these (/3)-naphthalene, as well as other ortho- 
amidoazo- compounds, can be oxidised to com¬ 
pounds of the azimido- type, R.N^ | \c j0 H ai and 
\n/ 

lie suggests for them tlio alternative formula 
!IN\ 

| >C I0 II, According to a recent 
lt.NII _N / 

paper by Nietzki a. Goll (B. 19, 1281) it 
appears, however, that amidoazo-(£)-naphthalene 
contains an NH.-group, or iit any rate can be 
diazotised under certain conditions. There can 
be no doubt that the question of tlio constitution 
of the azo- compounds is much more complicated 
than was at first supposed, since by the action 
of diazo- compounds upon phenols two isomeric 
azo-compounds may bo formed at the same time, 
the isomerism probably depending upon the 
position of tlio lt.N a -groups with respect to the 
HO as well as upon tlio formation of bodies of 
the oximido- typo. This appears to bo the ease 
especially with the azo- derivatives of resorcinol 
(Wallach, B. 15, 22 and 2HI1). 

General properties anil tcchnolorjif.- The indi¬ 
vidual azo- colours will be described under their 
respective headings, so that it will be only ne¬ 
cessary here to give a brief account of the 
genoral characters of these colouring matters. 
The parent azo- compounds, 0, i lJ,,.N*.C lj li., 
C 0 H v N a .O lo lI„ 0 , u H 7 .N,,.C 1 „H„ although pos¬ 
sessed of colour are not of any valuo as dye¬ 
stuffs : it is only when acid or basic radicles are 
present in one or both aromatic nuclei that true 
colouring matters are formed. The colours pro¬ 
duced by these compounds are of various shades 
of yellow, orange, brown, red, scarlet, indigo- 
blue and violet. No pure blue or green azo- 
compound is known. Of tlio basic primary azo- 
eompounds, amidoazo-benzene, ehrysoidino, and 
4 plienylene brown,’ show a gradation in shado 
from yellow through orange to brown. The two 
last compounds aro now alono of technical 
value. Among the acid azo- colours a regular 
gradation of shado is also observed with the 
increase in molecular weight. This is well seen 
in the colours produced by the action of diazo¬ 
benzene and its homologues upon the naphthol- 
sulphonic acids, the lowest members of $he scries 
being orange, and the highest members scarlet 
of an increasing shade of blueness. The acid 
primary azo- compounds are dyed from acid 
baths and have great affinity for silk and wool, 
but do not readily dye cotton without the use of 
mordants. Primary azo- colours as a rule dia- 
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solve in strong aulphnrio acid with a red or 
orange colour. Azo- colours can be produced 
directly in the fibre of cotton by impregnating the 
latter witli a phenol and a diazo- compound, and 
then developing by means of an acid (T. Holli¬ 
day, S. C. L 4, 204). A similar process lias 
been described by Grassier (S. C. I. 4, 202) who 
uses the nitrite in the form of an ammonium 
: salt or in combination with ammonium salts, 
! so that on heating the impregnated fabric the 
j nitrous acid is liberated in the presence of the 
amine and phenol, and the colour is developed 
j without the use of acid. Oxyazo-compounds, 
which are not sulphonic acids, and which are in- 
1 soluble, can be made soluble by warming them in 
j aqueous or alcoholic solutions of bisulphites. A 
| soluble double compound is thus formed which is 
| decomposed on heating with the liberation of tlio 
j colouring matter so that the process is especially 
applicable for calico printing (Meister, Lucius 
a. Pruning, IS. 17, 452). Tlio secondary azo¬ 
colours derived from diazotised amidoazoben- 
zeno and its homologues in combination with 
naphtliolsulpbonic acids aro scarlets of greater 
tinctorial power and purity than the primary 
1 azo- scarlets, and possess a certain affinity for 
i cotton, especially the ‘croccino scarlets ’ already 
j referred to. The secondary azo- colours derived 
! from diazotised benzidine (‘ Congo red ’ series) 

| and its homologues are reds or yellows which 
, also possess a certain affinity for cotton, but 
many of these colours are too sensitive to acids 
j to lie of much use technically. The stability of 
j these colours is increased, however, by using tlio 
higher homologues of benzidine. Jt is only 
among secondary azo- compounds that truo 
i shades of violet and indigo blue are found 
' (Nietzki, B. 17, 344; Meldola, C. J. 47, 005). 
Some of these blue shades aro now met with 
in the market, a typical compound of the class 
being a salt of ditolylletrazo-(/3)-naplitholdisul- 
I phonic acid, 

1 C.fr fi .N...C 10 II.(JISO,)(OH)j9 f ^ 

C : ll 4 .N,.C 1 „II 1 ([lS0'j(0H)fl (A*o - Hue ol F. 

; Payer Co.). Secondary azo- compounds dis¬ 
solve as a rulo in strong sulphuric acid with n 
! violet, blue, or green colour. The tertiary azo- 
compounds have but little tinctorial value. For 
observations on the absorption spectra of azo- 
j colours sec papers by II. W. Vogel (//. 11, 023), 
j Landauer (B. 14, 391), and Stebbins (Am. 0, 117 
1 and 149). It. M. 

AZO- COMPOUNDS. ( V. also Azo- oolouwno 
mattkhs and Di-azo- compounds.) The nomen¬ 
clature of these compound:* is based on the 
following rules. Imagine N* displaced by II* and 
tho compound to break up accordingly, one H 
■ going to one half and one to the other. If both 
• the resulting compounds are aromatic, name the 
: compound richest in carbon according to tho 
rules followed in this dictionary, and prefix azo* 
to tho name. Pofore azo- write the name of the 
hydrocarbon from which the other half of the 
molecule is derived. Then prefix all the sub¬ 
stituents of the latter so that they may follow 
ono another in this order: chloro-, bromo-, iodo-, 
cyano-, nitro-, oxy-, amido-, sulpho-, and car- 
boxy-. When both halves of the azo- compound 
contain the same numbor of atoms of carbon, 
then the half which contains CO*H is put last. 

If neither contain CO^II, the one oontainiag 
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SO,H comes last; if neither oontain this, pre¬ 
ference is given to OH, NH 2 , N0 2 , Br, or 01, 
in succession. 

If one half of an azo- compound is derived 
from a fatty hydrocarbon the name of this half 
is written last. 

The compounds obtained by the action of 
diazo- compounds upon (0)-naphthylamine, (0)- 
naphthol, or more generally upon amido- or oxy- 
compounds in which the p-position is already 
occupied, arc described as if they were ordinary 
azo- compounds. It is, however, not improbable 
that they may have a different constitution. 
Thus the compounds obtained from diazo- com¬ 
pounds and (0) - naphthylaminc behave like 
diazoamidea in their decomposition by acids 
into (0)-naphtliylamine, a phenol, and nitro¬ 
gen; but act on reduction like amido-azo- 
derivatives giving (1:2) - naphthylene-diamine 
and the amine. Three views may be taken with 
regard to the constitution of these bodies: — 
(1) That they are true diazoamides; (2) that 
they arc o-amido-azo- derivatives; (3) that they 
are hydrazimido- compounds, i.e. dihydridcs of 
azimido- compounds. 

The first hypothesis easily explains their de¬ 
composition by acids; and their reduction to 
naphthylene-diamine might bo accounted for 
by assuming an intermediate change into the 
araido-azo- compound. However, the fact that 
a different isomeric body is formed by diazo- 
tising (0)-naphthyl amine and combining it with 
the other amino does not agree with this view, 
since compounds of the form X.N„.NHY and 
y.N 2 .NHX are always found to be identical. The 
other reactions of these bodies are also incon¬ 
sistent with this hypothesis. The hypothesis 
that the compounds are o-amido-azo- derivatives 
does not readily account for their behaviour on 
oxidation, which tomls to show that they do 
not contain an NH 2 group. 

The third hypothesis leads to the formula 

vNIl vttt 

c„n/| or C,.n,<”>NIt. 
\n.nhh m1 


It is strongly supported by the fact that on 
oxidation these bodies give rise to white crystal¬ 
line azimido- compounds, which probably have 


the constitution 



NR, analogous to 


Griess'sazimidobonzenoC ti H 4 ^ I ^NH obtained 

\n t/ 


acids might also be explained as a change inverse 
to the above, resulting in the formation of the 
diazo-amide, which would then be decomposed. 
The orffto-amido-azo- derivatives of the benzene 
series would also seem to be similarly constituted, 
for on oxidation they also give colourless crystal¬ 
line azimido- compounds. 

Apparently opposed to the hydrazimido- 
hypothesis, is the behaviour of theso bodies 
towards nitrous acid, which converts them into 
diazo- compounds. In many points, however, 
these diazo-compounds greatly differ from the 
ordinary diazo- compounds, and their constitu¬ 
tion may possibly bo expressed by the formula: 
yN.N.OH 

R \ | | , which would represent their form- 

\N.N.R' 

ation from hydrazimido- compounds. By 
SnClj or SO* theso diazo- compounds are not 
reduced to hydrazines but to non-basic stable 
bodies which probably have the constitution 
yN—NH 

| | . The o-diazo-imides readily lose 

\N-N.R' 

N a on heating and aro converted into azimido- 
/N\ 

compounds R'^J^N.It' identical with those 

obtained by oxidation of the o-amido-azo- com¬ 
pounds. On the hydrazimido- hypothesis the 
body derived from diazo-benzene and phenyl- 
(0)-naphthyiamine would be represented by the 

formula C J0 II a < | which agrees with its 

\n,HC,H s 

reactions. Tims cone. IIC1 removes aniline, 
/ N \ 

forming an azino C l0 H u ^ | \C s n if while oxi- • 

dising agents produce a powerful ammonium 
base C I0 H u N,(C u H s )..OH (Moldola, G. J. 45, 107; 
Nbiting a. Wilt, B.'l7, 77 ; Lawson, B. 18, 796, 
2122; Sachs, B. 18, 3125; Zincke, B. 18, 3132, 
3142; Zincke a. Lawson, B. 19, 1152). 


Description of Azo- compounds. 
Acetophenone-azo-(0)-naphthol [4:1] 
G 2 H i (GO.CH s ) -N.-C l0 H,(OII). Formod by di- 
azotising p-amido-acetophenone and combining 
the diazo- compound with (0)-naphthol in alka¬ 
line solution (Klingel, B. 18, 2095). Slender red 
needles. V. sol. alcohol, si. sol. ether, insol. 
water. Dyes silk a dull red. 

o-Amido-benzene-azo-aceto-acetic acid 


by the action of n'trous acid on o-phenyleno- 
diamine. The corresponding compounds from 
(0) -naphthol and diazo-salts may also be ob¬ 
tained by the action of hydrazinos upon (0)- 
naphthoquinone, and hence may be represented 
in a similar manner by the formula) 

C, ‘ H ‘<Lhr or c ‘° n *<™> NR - 

The formation of hydrazimido- compounds 
from a diazo-salt and (0)-naphthylaminc can bo 
explained by assuming the intermediate forma¬ 
tion of true diazo - amides C,„Hj.NH.N:NR, 
which by taking up H. ; 0 (or HC1) would form 
„ C l0 H..NH.N(OH).NHRorC 10 H..NH.NH.N(OH)R, 
iv '; and by again eliminating H.,0 it might give the 
wituvdrazimido- compound. The decomposition by 1 


C a H 4 (NH 2 )-N,-CH(CO.CH 3 ).COJI. [157°]. # 
Orange-red tables. Easily soluble in acetic acid, 
alcohol, ether and chloroform, sparingly in water. 
Formed by reduction of o-nitro-benzene-azo-aceto- 
acetic acid with FeS0 4 and NH 3 (Bamberger, B. 17, 
2420). 

p-Anudo-benzene-p-azo-aniline 
C d H 4 (NH 2 )—N 2 —C g H 4 (NH 2 ). p-Azo-anilins. Di- 
cimido-azo-benzcne. [235°]. Long flat yellow 
needles. Easily soluble in alcohol, sparingly in 
benzene'and ligroine. 

Preparation .—1. The mono-acetyl derivative 
of p-phenylene-diamino is diazotised and com¬ 
bined with aniline, the anilide thus obtained is 
dissolved in aniline and warmed with aniline 
hydrochloride by which it is converted into the 
' mono-acetyl derivative of amido-benzene-aao 
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m 


Aniline, which is finally saponified.— 8. From 
its di-acetyl derivative which is formed by the 
action of zinc and ammonia on acetyl-p-nitro- 
aniline (Mixter, Am. 5, 282). 

The mono-acid salts are green, the di-acid 
red. B M H a Cl 8 : needles. 

Mono-acctyl derivative C, L ,H h N 2 (NIL)(NilAc). 
[212°J, glistening golden yellow plates. Its salts 
aro red (Nietzki, B. 17, 345). 

Di-acetyl derivative [282°] (M.). 

Amido-benzene-azo-aniline 
[4:1] > C,H 4 (NH 2 ) -N.-C.H.NHj [1:4]. [142°]. 
Obtained by reducing nitro-benzene-azo-nitro- 
benzeno [206°] with alcoholic ammonium sul¬ 
phide (Janovsky, ill. 6 , 400). Minute plates 
(from alcohol). Halt.—B"H.,CL. This body is 
probably identical with the preceding, the melting- 
point having perhaps been misprinted. 

w-Amido-benzene-m-azo-aniline 
[^:1]C„H 4 (NH 2 ) - N 2 - CyH^NHJ [1:3]. From the 
nitro-compound by ammonium sulphide 
(Janovsky, M. 6 , 458). Minute flat yellow 
needles with greon lustre (from alcohol). 

Amido-benzene-azo-beuzene-/>- 8 ulpkonic acid 
[4:1] C (i Hj(HSO ;l ) -N:N—C B H,.NH 2 [1:4J H. -0144 j 
at 22°. Yellowish-white microscopic needles I 
or scales (containing aq). Nearly insoluble in ! 
water, alcohol, ether, and chloroform. Formed 


wanning the alooholio solution of the nitro¬ 
compound NO J .C a H 4 .N a .C 6 H 4 .'NMe 2 with ammonia 
sulphide (Meldola, C. J. 45,107). 

Properties.— Brick-red needles (from dilute 
alcohol). Insol. boiling water, but forms yellow 
solutions in most solvents. Reduced by zinc 
dust and HCl it gives dimethyl-p-plicnylene-dia- 
: mine and p-phenylene-iliamine. On adding acetic 
' acid to an alcoholic solution, tho liquid turns 
green, on dilution with water it becomes red. 
In cone. H._.S0 4 the solution is orange. A very 
dilute solution mixed with nitrous acid and 
exposed to the air turns blue (test for nitrous 
acid).-B"(IlCl) 2 FtCl 4 . 

Methylo-iodide .—Insoluble brown scales. 
Acetyl derivative .—-Orango needles (from 
alcohol). [217°]. 

p-Amido-benzene-azo-( 8 ).naphthol 
[4:1] NH.,.C u II 1 .N:N.C 10 H a .OH [«:j 8 ]. Formed bv 
reducing the corresponding nitro-compound with 
ammonium sulphide and ammonia. Forms • 
crimson solution in II.S0 4 (Meldola, C. J. 47,663). 

p-Amido-benzene-kzo-(a)-naphthoI 
[4:1] NH 2 .C tt H,.N 2 .C l 0 H 6 .OH [«*]. Formed by 
reducing para-nitro-benzene-azo-(a)-naplitliol in 
liot dilute NaHO with ammonium sulphide; ppd. 
by IICl (Meldola, C. J. 47, 602). Dark brown 
powder; si. sol. hot water, v. sol. hot alcohol. 


by the action of diazo-benzene-p-sulphonic acid j Forms a red solution in cone. H 2 SQ 4 . 


on aniline (to extent of about 30 p.c.). Fro- 
pared from bonzene-azo-anilino and fuming 
H s S0 4 at about 70°. On reduction with tin and 
HCl it gives p -phenylene-diamino and sulpha- [ 
nilic acid. 

Salts.—A'NII,*': orange - yellow plates.— 

AUla 6 aq: sparingly soluble trimolric orange 
needles—A'.,Ca 2aq (Griess, B. 15, 2184). j 

il r ™ 8 “'•-ordeau.-rod dye stuff. 

if’ooo" V i ^ I / 4 . 4 . -[ 1 *^* 01J ^ diazotising the latter and combining it with 

at 22 u . Pearly plates (containing an . Formed im At _:_ 


p-Amido- benzene -azo-(/3) - naphthol di-sul- 

phonic acid. Acetyl derivative 
j C ( .H 4 (NHAc)-N 2 -C 10 H i (OH)(SO s H) 2 . Golden 
glistening plates. Scarlet red dye-stuff. Formed 
by diazotising the mono-acetyl derivative of p- 
phcnylenc-diaraine and combining it with ( 0 )- 
naphthol (R)-di-sulphonic acid (modification in¬ 
soluble in alcohol). By saponification of th« 


, . ,]; earl J' y ,a , l , es (oontaining a,j) Form*,l (« H aphtho! di-sulphonic acid a blue colouring 

by reduction of the sparingly soluble mtro- ! „ lut tcr is produced (Nietzki, B. 17, 311). 
benzene-azo-bnnzene-p-sulphomc acid with am- , .A , 

monium sulphide. On complete reduction with rt-nicfT rTTNr' 

tin and HCl it gives p-snlplmnilio acid and - 

phenylene-diaraine, and lienee ought, according re ^ u 9 in 8 NU'.C rt H 4 .N 2 .C, 0 H ti .NH 2 with aqueous 
to theory, to be identical with the preceding TS r ’ 


compound; this, however, doeH not appear to bo 
the case. 

Salts.—KA'aq: yellow trimetric plates.— 
*NaA': needles.—BaA'6aq : largo glistening 
monoclinic needles. -Ca A'4aq : yellow pearly 
plates.—PbA'„: monoclinic plates (Janovsky, 
B. 16, 1488 ; M. 4, 270, 652). 

Di-amido-benzene - azo - benzene-p-sulphonic 
acid (NH 2 ) 2 C 6 H 3 —N 2 — C (j lI 4 .S0 3 H. Chnjso'tdinc 
sulphonic. acid. Brownish-red glistening needles. 
HI. sol. water. 

Formation.—1. By combination of p-diazo- 
benzeno-sulplionic acid with 7n-phenylono di¬ 
amine.—2. By sulphonation of chrysoidine. On 
reduction it gives sulphanilic acid and "(1:2:4)- 
tri-amido-benzene (Griess, B. 15, 2106). 

m-Amido-benzene-p-azo-di-methyl-aniline 
[3:1] C,H 4 (NH 2 )—N 2 —C„H 4 N Me 2 [1:4]. [166°]. 
Golden lamina-, sol. alcohol. Formed by the 
aotion of warm dilute H 2 S0 4 on its acetyl* deri¬ 
vative [184°] which is obtained by mixing diazo- 
tised acetyl-w-tolylene-diamine with dimethyl- 
aniline (Wallach, A. 234, 263). 

p-Amido-benzene-azo-dimethylaniline 
[4:1] NH s .C,H 4 .N 2 .C,H r NMe, [1:4]. [188°]. By 


Ochreous needles. Iteadily soluble in alcohol, 
acetone, benzene and chloroform. Its salts 
form crimson aqueous solutions ; excess of acid 
throws down tho neutral salts.—B"(HCI) 2 PtCI 4 . 

p-Amido-benzene-azo-o-oxy-benzoic acid 
[4:1] NIi 2 .C (i II 4 —Njj— C„.H 3 (0H)(CO a H) [1:4:2]. 
From the sodium salt of p-nitro-benzene-azo- 
salicylic acid by reduction with ammonium 
sulphide. Colourless need 1 os. SI. sol. boiling 
water. Its alkaline solutions are yellow. Glacial 
IlOAc forms a crimson solution. Blackens at 
219°-220° C. (Meldola, C. J. 47 667). 

vi- Amido-benzene-a zo-phenol 
[3:1] C u H,(NH 2 ) - N 2 —C 6 H 4 .OH [1:4]. 

[168°]. Brownish yellow scales. Obtained by 
saponification of the acetyl derivative. 

Acetyl derivative 

C,H 4 (NHAc).N 2 .C a H 4 OH [c. 208°]. Prepared by 
diazotising the mono-acctyl derivative of m- 
piienylene-diamineand combining it with phenol. 
(Wallach, B. 15, 3020). 

p-Amido-benzene-azo-phenol 
[4:1] NH 2 .C b H 4 .N:N.C 0 H 4 .OH [1:4]. [181°]. Ob. 
tained by heating p-nitro-benzene-azo-phenol 
with ammonium sulphide. Brown scales (from 

a s 2 
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water); ▼. sol. alcohol.— B' 2 H 2 PtCl ( (Meldola, 
C. J. 47, 658). 

jp-Amido-benzene-azo-diphenylamine 
[4:1] NH 2 .C B H 4 .N 2 .C B H 4 NHC 0 H fl [1:4] [c. 91°]. 
Got by reducing the nitro- compound by ammonic 
sulphide (Meldola, G.J. 43, 440). 

Properties.—al sol. in boiling water, v. sol. 
alcohol, acetone, chloroform and benzene, 
forming yellow solutions. HC1 added to the 
alcoholic solution turns it first green, then rod. 
Solution in cone. II 2 S0 4 is violet, turned red by 
diluting. 

Salts.--Form crimson aqueous solutions. 
Dye wool orange. 

m-Amido-benzene-azo-m-phenylene-diamine 
[3:1] C B II 4 (NH..)—N 2 -CJI s (NH 2 ) 2 [1:2:4]. Bis¬ 
marck brown. [137°]. Ppd. by adding NaN0 2 
to a neutral solution of wi-phenylenc-diamine 
hydrochloride (Caro a. Griess, Z. 1867, 278). 
Brown plates. SI. sol. in hot water; v. e. sol. 
alcohol and ether. Dyes wool brown. Absorp¬ 
tion spectrum (Hartley, G.J. 51, 180). 

Salts.—B"21iCl. -B"H 2 PIC1 b . 

n-Amido-benzene-azo-phenylene-diamine 
“[4:1] C fl H 4 (NIL)-N 2 —C B H 3 (NH 2 ) 2 [l:2or3:4]. 
From benzene-azo-benzene by nitration and re¬ 
duction (Janovsky, M. 6 , 466). 

^-Amido-benzene-azo-resorcin 
[4:1] NH r C„H 4 .N:N.C e II 3 (OH) 2 .[l:2:4]. By dis¬ 
solving jp-nitro-benzene-azo-rcsorcin in dilute 
NaHO and warming with ammonium sulphide 
(Meldola, C. J. 47, 661). Its alkaline solutions 
aro red; its acid solutions are pale orange.— 
B' 2 II 2 S0 4 : silvery scales.-BULPtCl*. 

p-Amido-benzene-azo-?«.-xylidine 
[4:1] NH 2 .C B H 4 .N 2 .C B II 2 Me.NH 2 [1:3:5:2] [163°]. 
Formed by reducing N0 2 .C 8 li 4 .N 2 .C B lI 2 Me 2 Nir 2 
with aqueous ammonic sulphide (Meldola, G. J. 
43, 432). Golden scales (from water). V. sol. 
alcohol and benzene. 

Salts.—The acid salts aro very soluble in 
water. Excess of HC1 forms an amorphous 
brown pp. of B"2HCl.-(B"2HCl)PtCl 4 . 

Amido-thiophene-azo-benzene 
C e H 4 .N 2 .C 4 Sll 2 .NH.,. Formed by adding diazo- 
benzeno chloride to a tolerably concentrated solu¬ 
tion of thiophenine hydrochloride.—B'HCl.laq: 
yellow needles, soluble in water and alcohol 
(Stadler, B. 18, 2317). 

Amido - thiophene - azo - benzene-p- sulphonic 
acid [4:1] C B n i (S0 3 H).N 2 .C 4 SIi,NH 2 . Formed by 
combination of diazo-bcnzene-p-sulplionic acid 
with thiopheninc. Yellow needles, red when dry. 
SI. sol. water and alcohol. Dyes silk yellow. 
(Stadler, B. 18, 2318,. 

Amido-thiophene-azo-naphthalene 
C, 0 H r N 2 .C 4 SH 2 .NH 2 . Formed by adding (a)- 
diazo-tiaphthalene chloride to a solution of 
thiopheninc liydrochloride. The hydrochloride 
forms microscopic red needles, sparingly solublo 
in water and alcohol (Stadler, li. 18, 2318). 

?n-Amido-toluene-azo-aceto-acetic acid 
[4:2:1] C K H 3 (CH 3 )(NH 2 ).N 2 .CII(CO.CII 3 ).CO, > H 
[162°]. Red glistening needles. Formed by re¬ 
duction of m-nitro-tolucne-azo-aceto-acetic acid 
with FeS0 4 and NII S (Bamberger, B. 17, 2421). 

Amido-toluene-azo-amido-cresol 
[4:3:1] C tt II 3 (CH 3 )(NII 2 ).N 2 .C # H 2 (CH 3 )(NH 2 )(OH). 
Oxyazo-toluidine [212°]. Small dark - red 
needles. V. sol. alcohol and ether, si. sol. water. 
Formed from amido - toluene -azoxy-toluidine 


CgHjMe^HaJ.NjO.CeHjMeJNH,) by intramole* 
cular change by heating it with HjS0 4 at 110 °. 
It is reduced by Sn01 2 to tolylene-diamine 
C B H 3 Me(NH ,) 2 [1:2:4] together with di-amido- 
cresol (Limpricht, B. 18, 1405).—B"H a 8(V- 
B"2HC1.~ B"H 2 PtCl 8 . 

Amido-toluene-azo-(j 8 )-naphthol 

[6:3:1] C B H 3 (CH 3 )(NH 2 )-N 2 -C 10 H B OH [1:2], 

Acetyl derivative 

C B H 8 (CH a )(NIIAc)-N 2 -C, 0 H 6 OH [276°]. Insol. 
water, si. sol. alcohol, m. sol. a mixture of 
alcohol and chloroform. Red colour. Formed 
by diazotising the mono-acetyl derivative of 
(l:2:4)-tolylene-diamino and combining it with 
(j3)-naphthol (Wallach, B. 15, 2830). 

Amido-toluene-azo-nitro-ethane. 

Acetyl derivative C n If l 4 N 4 O s i.e. 

[6:3:1] C 0 H 3 Mc(NHAc).N,.CH(NO. > ).CH s . [143°]. 
From C l .H 3 Me(NHAc).N 2 Br and NaCII(N0 2 )CH t 
(Wallach, A. 235, 250). Red needles (from alco¬ 
hol-ether) ; v. si. sol. water, insol. ligroin. 

Amido-toluene-azo-o-toluidine 
[4:3:1] C u H 3 Me(NH 2 )—N 2 - C 0 H 3 Me(NH 2 ) [1:4:3] 
[197°]. Formed by reducing nitro-o-toluidine 
C (j II 3 Me(N0 2 )(NIL) [1:4:2], or the corresponding 
azoxy-compound,by sodium amalgam in alcoholic 
solution (Limpricht, B. 18, 1406; Graeff, A. 
220, 350). Long red needles (from alcohol) or 
small yellow needles (from water). Sparingly 
soluble in water, easily in alcohol and ether. 

Salts.—B'TI 2 S0 4 : Slender reddish needles 
—B"2HCl.-(B"2HCl)PtC!,.—B"2HBr. 

Amido-toluene-azo-jp-toluidine 
[6:3:1] C 8 H 3 Me(NH.,)—N 2 -C B H 3 Mc(NH 2 ) [1:6:3]. 
[159°]. Red needle 3 . SI. sol. cold, v. sol. hot, 
wator; v. sol. alcohol. Prepared together with 
the hydrazo- compound by the prolonged action 
of sodium amalgam on an alcoholic solution of 
nitro-p-toluidine (Buckney, B. 11,1453). 

Di-amyl-amido-benzcne-azo-di-amyl-aniline 
[4:1] (C 5 H,,) 2 N.O b II 4 —N 2 — C b H v N(C a I1 „) 2 [1:4]. 
Di-aviyl-anilinc-azylinc. [115°]. Red pointed 
crystals. Sol. hot alcohol. Formed by passing 
NO through an alcoholic solution of di-amyl- 
aniline. Salts. — B"(C B H 2 (N0 2 ) 3 0IJ) 2 : small 
yellow crystals. Pcr io di de B" 4 I« • small black 
crystals with violet reflex (Lippmann a. Fleissuer, 
B. 15, 2142 and B. 10,1419). 

Benzene-azo-aceto-acetic acid 
CJT—N 2 -CI1Ac.C0 2 H. [155°]. Yellow leaflets 
(from alcohol). Prepared by the action of a 
solution of diazobenzene nitrate on an alkaline 
solution of acetacetic ether (V. Meyer, B. 10,2076), 

Salts.—A'K: yellow glistening leaflets.— 
BaA',, PbA'o, CuA ' 21 and AgA' are yellow pps. 

Ethyl ether [75°]. Light yellow crystals; 
very readily saponified (Ziiblin, B. 11, 1417). 

Benzene-azo-acetono C, j H 5 .N 2 .CH 2 .CO.CH l 
[149°]. Glistening yellow prisms or needies. 
Peculiar characteristic smell. Only slightly 
soluble in hot water, and in aqueous alkalis. 

Formation.— 1. By heating benzene-azo- 
aceto-acetic ether with a dilute alcoholic solution 
of NaOH.—2. By heating benzene-azo-aceto- 
acetic acid to 170°-180°, C0 2 being evolved 
(Richter a. Miinzer, B. 17, 1928). 

Benzene-azo-acetophenone 
C B H i .N 2 .CH 2 .CO.C B H ;> . [129°]. Slender golden 
needles. V. sol. hot alcohol and hot acetic acid. 
Formed, together with benzene-azo-benzoyl- 
acetic ether, by adding a solution of diozo* 
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'benzene chloride to an iced alkaline solution of 
benzoyl-acetic ether (Bamberger a. Caiman, 
B. 18, 2563). 

Benzene-o-azo-aniline (?). 

C 6 H a -N,—C fl H 4 NH 2 (?). [123°]. Formed by 
reducing benzonc-o-azo-nitro-benzene with am¬ 
monium sulphide (Janovsky, M. 8, 61; yellow 
crystals with blue reflex (from dilute alcohol). 
The salts are less solublo in water than those of 
(hep-compound. 

Benzene-azo-aniline C I2 H„N, i.e. 

C c H a -—N 2 —CjjHjNH,, [1:4J. Amido-azo-bcnzenc. 
Mol. w. 197. [126°]. (above 360°). 

Formation.-1. By reducing benzene-azo- 
nitro-benzeno [137°] with ammonium sulphido 
(G. Schmidt, Z. 5, 417 ; Janovsky a. Erb, B. 
18,1136).—2. Together with bromo-aniline by 
the action of bromine vapour upon aniline 
(Kekul6, Z. [2] 1, 088).—3. By action of mineral 
acid (one molecule or less) upon dinzo-benzeno 
anilide (t>. Di-azo- compounds) (Martius a. Griess, 
Z. [2] 1, 132; Friswcll a. Green, C. J. 49, 746). 

Preparation, — 1. Diazo-benzene-anilide is 
dissolved in 2 or 3 times its weight of aniline, 
j l 0 -th its weight of aniline hydrochloride is added 
at tho ordinary temperature, and the mixture is 
kept for an hour at 30° to 40°; after standing 
for twenty-four hours at tho ordinary tempera¬ 
ture, suflieient liCl is added to coinbino with 
the free aniline and the amidoazo-benzenn 
base precipitates, or it can be obtained as 
hydrochloride by adding more HC1. TIjo yield 
is nearly theoretical (Witt a. Thomas, C. J. 
43,113; Staedel a. Bauer, B. 19,1953).— 2. A 
cone, solution (of rather less than 1 mol.) of 
NaNO L . is added to (1 mol. of) aniline hydro¬ 
chloride dissolved in (5 or 6 mols. of) aniline at 
30°-40°, kept at c. 40° for 1 or 2 hours, and 
then at the ordinary temperature for 12 hours; 
completed as above, the yield is nearly theo¬ 
retical. 

Properties.— Yellow crystals; separates from 
benzene with benzene of crystallisation (W. a. T.); 
orange prisms with blue reflex (from alcohol). 
V. si. sol. hot water, m. sol. ether and alcohol. 
Its salts are decomposed by water; they dys 
wool yellow. Tin and HC1 give anilino and p- 
phenylenc-diamine. Combines with EtI form¬ 
ing the hydriodide of C,jII l (NlL).N 2 .C 6 M,NllEt. 
Thediazo- compounds of benzenc-azo-anilineawl 
its sulphonic acids are used for the preparation 
of scarlets by combination with the naphthols 
and their sulphonic acids. 

Salts. —BUICl; steel-blue needles or scales | 
(from boiling HOlAq). -B' 2 H..l , tCl (i .— B'HNO a . : 
—B'.,II,SO,.—B',1I 2 C,0,. 

Acetyl derivative C, i n i .N 2 .C u H 4 (NHAc). 
[142°]. Yellow silky crystals. On reduction 
with alcoholic ammonium sulphide it gives 
acetyl-amido-hydrazobonzene (Schultz, ]i. 17, 
403; Berju, B. 17, 1100; O. C. 1881, 871). 

Reactions. —1. By boiling benzene-azo-ani¬ 
line with 10 pts. of IIC1 (S.G. 1T2) it is com¬ 
pletely decomposed in a few hours with forma¬ 
tion of jr>-phenyleno-diamine, aniline, chlori- 
nated-hy droquinones, N Hj, and colouring matters 
(Wallach a. Kolliker, B. 17, 395).—2. An alco¬ 
holic solution of bromine forms a dibromo- 
derivative [152°] which is reduced by tin and 
HC1 to aniline and p-phenylene-diamine (Berju, 
B. 17, 1400).—3. With phenyl thio-oarbimide 


it forms benzene-ano-di-phenyl-lhio-urea (q.v.), 
together with some benzene-azo-di-phenyl-thio¬ 
urea-azo-benzene (v. dis-Azo compounds).—4, 
Carbonyl chloride forms benzene-azo-di-phenyb 
urea-azo-benzene (Ph—N 2 —C ti H r NH) 2 C()(Berju, 
B. 17,1404).—5. Benzene-azo-aniline hydrochlo¬ 
ride (2 mols.) heated with acetone (1 mol.) at 
150°-1G0° underpressure forms abase C 17 H I4 N 3 , 
[205°]. Yellow needles; v. sol. alcohol, ether, 
and acids. By tin and HC1 it is reduced to a 
base of melting-point [185°]. Dilute solutions 
of the salts have a blue fluorescence. Salts.— 
B'H 2 S0 4 : slender soluble needles or small mono 
clinic prisms.—B'll .Cr.0 7 : orange-yellow needles. 
—B'HXLPtCl,: flat yellow needles, si. sol. cold 
water (Kngler a. Schestopal, B. 20, 180). 

Benzene-azo-benzene C,JI, 0 N 2 i.e. 

C h H 5 —N.,—C.IL,. Azobenzene. Mol. w. 182. 
[08°j. (293°). V.D. 6-5 (calc. 6-3). S. (alcohol) 
8*6 at 16° (Moltchanoffsky, J. R. 1882, 224). 
S.V. 220*4 (llamsay). 

Formation. —1. By treating nitre benzene 
with alcoholic potash (Mitscherlich, A. 12, 311; 
Schmidt a. Schultz, A. 207,328),sodium-amalgam 
in prcscnco of alcohol and acetic acid (Werigo, 
A. 135,176; AlexojelT, Z. [2J 3,33), iron (3 pts.) 
and acetic acid (1 pt.) (Noble, A. 98, 253), or 
with zinc-dust (AlexejelT, Bl. [2] 34, 684).— 
2. By oxidising anilino with aqueous KMn0 4 
(Glaser, A. 142, 361), rod-hot PbO (Schichuzky, 
J. Ji. 6, 245), H,0 2 (Leeds, C. N. 41, 210; B. 
11, 1382) or bleaching powder (Schmitt, J. pr. 
[2] 18, 195). -3. It is the chief product of the 
action of sodium on p-bromo-anilino (Anschutz 
a. Schultz, B. 9, 1398; cf. Claus, B. 15, 315). 

Preparation.—1. By heating nitre-benzene 
with a solution of sodium stannitc prepare ! by 
dissolving the theoretical quantity of SnCl 2 in. 
an excess of aqueous NaOH (Witt, B. 18,2912).— 
2. 400 grins, of NaOH (98 p.c. powdered) are 
boiled with 2000 c.c. of ordinary alcohol till 
most has dissolved; 500 g. of nitrobenzene are 
slowly added to the boiling solution, and tho 
formation of azoxybenzene completed by 2 or 3 
hours’ cohobation. 200 grms. of zinc-dust are 
then slowly added and the boiling continued for 
a day with occasional shaking. The alcohol is 
distilled off on a salt bath, warm water added, 
the insoluble portion filtered off, washed, freed 
from Zn(Oll).. by 11 Cl, and extracted with alco¬ 
hol ; the filtrate on cooling deposits the azo¬ 
benzene in splendid large plates; good yield. 

Properties. - Trimetric plates (Jerernejcff). 
Crystallises with from benzene. Itsabsorp- 
tion-speetrum has been described by Hartley 
(C. J. 51, 176). 

Reactions.—1. Pa sod through a red-hot tube 
it yields benzene arid diphenyl (Ferko, It. 20,664). 
2. Chromic acid in acetic acid at 200° forms 
benzcnc-azoxy-benzene.—3. Nitric acid forms 
Ph.N...C,H,(NO.,) [1:4], Ph.N.,.C,,H,(N0 2 ) [1:2], 

* [4:1] C K H,(NO a ).N...C rt H 1 (N0 2 ) [1:4], 

[1:3] C 0 H j (NO,).N.,C ( 1I 1 (NO 2 ) [1:3], and a nitro¬ 
benzene - azo - (li - nitro - benzene. — 4. Alcoholio 
ammonium sulphide reduces it to hydrazo- 
benz.ene (Hofmann, Pr. 12, 576).—5. Hot cono. 
HC1, HBr, or III reduces it to benzidine, other 
products being formed at the same time.— 
0. Alcoholic S0 2 produces benzidine.—7. With 
an ethereal solution of zinc ethyl it reacts form¬ 
ing ethane (1 vol.), ethylene (3 vols.), and a 



874 


wyQo^xms- 


product which, when treated with water, gives 
aniline. 80 g. of azo-benzene gives 70 g. of 
aniline. The reactions are probably 
(a) PhNjPh + 2ZnEt., = 2NPhH(ZnEt) + 2C,H, 
\b) PhNJ?h + 4ZnEt 2 - 

2NPh(ZnEt) 2 + 2C 2 H a + 2C,H 4 . 
And then, on adding water: 

(a 1 ) NPliII (ZnEt) +11,0 = NPhH., + EtH + ZnO 
(6') NPh(ZnEt) 2 * 211,0 - NPhll, + 2EtH + 2ZnO 
(Frankland a. Louis, G. J. 37, 560).--8. Alde¬ 
hyde at 200° forms a compound C 26 H 22 N 2 0 2 
[164°]. In presence of chlorido of zinc, alde¬ 
hyde condenses with it to benzylidene-bonzidino 
Ph.CHiN.CJ^.CJI^CII.Ph (?) [239°] (Barzi- 
lovsky, J. 11. 1885, 366).- 9. Bromine forms 
mono-bromo- derivatives, a di-brorao- derivative, 
[205°] ( V . BuOMD-nKNZENE-AZO-nitOMO-BKNZENK), 
and a tetra-bromo- derivative, C 12 H 0 Br 4 N 2 , 
[o. 320°] (Werigo, A. 165, 200). 

Combinations. — C„H 1U X,,,C B II B [38°]. — 
fCi 2 H lu N,) 2 3HCl: unstable yellow crystals.— 
(0, a II| 0 N.]),31IBr: unstable red crystals, got by 
passing HJlr into a solution of azobenzene in 
CS 2 .- C„IJ 10 N,HBr 3 : crystals, formed by adding 
bromine to a solution of the preceding body in 
ohloroforrn.—C, JI I0 N..Br u : red prisms, got by 
adding excess of bromino to a solution of ben- 
zenc-azo-benzeno in chloroform (Werigo, A. 
165, 203). 

Benzene-azo-benzene sulphonic acid 
0 a H,—N 2 —C„IIjS0 3 II [1:4]. [127°]. From ben- 
zene-azo-benzene and fuming II..S0 4 (5 pts.) at 
130° (Griess, A. 131, 89; 15 J, 208; Janovsky, 
M. 2, 221; 3, 237; B. 15, 2576). Orange-red 
plates (containing Sag). SI. sol. alcohol and 
ether. Potash-fusion converts it into K,S0 3 
and benzene-azo-phenol. Ammonium sulphide 
followed by mineral acid converts it into di- 
amido-di-phenyl sulphonic acid. Nitric acid 
forms mono-, di-, and tri- nitro- derivatives 
(Janovsky, ftt. 3, 508). 

Salts. KA'2aq. BaA' 2 .—AgA'. 

Chloride C„H # N,SO,Cl. 182°]. Orange 
clumps (from ether). 

Amide C,.,H„N..SO,NH r Powder (Skanda- 
roff, Z. [2] 6, 643). ‘ 

Benzene-azo-bonzene disulphonio acid 
C a H s —Nj, - C b H 3 (S0 3 I 1 ) 2 [1:2:4]. Formed, to¬ 
gether with s-m-, and s-p-, sulpho-benzenc-azo- 
benzeno sulphonic acids by heating benzene- 
»zo-bcnzene (1 pt.) with pyrosulphuric acid 
(4 pts.) at 150° (Janovsky, M. 3, 237). Very 
deliquosccnt needles. Isomeridcs of this acid 
are described as sulpho-benzene-azo-benzcne 
sulphonic acid. 

Benzene-azo-benzoio acid 
0 # H v N...C u II 4 (CO,H) [1:4]. Azo - benzene - p - 
carboxylic acid. Obtained by saponification of 
its nitrile by boiling with KOH. Long glisten¬ 
ing brown prisms. Sol. alcohol, ether, and 
warm benzene. Salts.—A'K: very soluble 
brownish-yellow needles.—A'.,Ba: brownish-yel¬ 
low needles ; sol. alcohol, si. sol. water (Mentha 
a. Heumann, Tf. 19, 3023). 

Nitrile C ii lI,.N 2 .C u H l (CN) [1:4]. p-Cyano- 
azo-benzenc. [101°]. Formed by diazotising 
benzene-azo-aniline and allowing the solution 
of diazo-benzene-azo-benzene chloride to drop 
into a hot solution of CuS0 4 and KCN. Brown 
needles. V. sol. ether, benzene, and warm 
aloohol, insol. water. Sublimable (M. a. H.). 


Beasene-azo-benioyl-acetie acid 

C.H 5 .N 2 .CH(C0.0,H s ).C 0 2 H. [141°]. Long yel. 
low needles. V. sol. alcohol, ether, and acetic 
acid. Its ethyl-ether is formed, together with 
benzene-azo-acetoplienone, by adding a solution 
of diazobenzene chloride to an iced alkaline 
solution of benzoyl-acetic ether. By boiling 
with dilute NaOH it is converted into benzene- 
azo-acetoplienone C d H-.N 2 .CH 2 .CO.C ti H s (Bam¬ 
berger a. Caiman, B. 18, 2563). 

Benzene-azo-benzylidene-aniline 
C„H r ~N 2 — C b H,.N :CH.C JI y Benzylidcne-amido- 
azo-benzenc. [125°]. Orange plates. Formed 
by the action of benzaldehyde on benzene-azo- 
aniline. By HCl it is resolved into its con¬ 
stituents (Bcrju, B. 17,1403). 

Benzene-azo-o-bromo-benzene 
C,TI S - N., - C„II 4 Br [1:2]. Bromo - azo - benzene, 

[87°]. Glistening plates (from alcohol). Si. sol. 
cold alcohol. By the action of bromine (1 mol.) 
upon a warm acetic acid solution of benzene- 
azo-benzene (1 mol.) a mixture of o, in, and p r 
mono-bromo-bcnzcnc-azo-bonzeno is obtained; 
they can bo separated by their different solubili¬ 
ties in alcohol. By complete reduction they 
givo aniline and o-, in-, or p-bromaniline. 

Benzene-azo-7«-bromo-benzene 
C li H 5 .N 2 .C li H 4 Br [1:3]. [56°]. Yellowish-green 

pearly plates. V. sol. alcohol, ether and ace¬ 
tone. On nitration it gives orange needles of 
C l .,H H Br(N0 2 )N 2 [123°] (Janovsky a. Erb, B. 
20* 359). 

Benzene-azo-p-bromo-benzene 

C li H 5 .N 2 .C a II 4 Br [1:41. [82°]. Is the chief pro¬ 
duct of the bromination of benzenc-azo-benzene 
in acetic acid. Orange yellow pl^^> witxj 
limable. V. sol. alcohol, etljp^^^^’^'ition 
The corresponding hydras 
white needles. Oq , \ 

needles of C,.,H^ $ Vg.% % < $ £• aniline 
di-nitro-dcrivatK w ^ [1*4] 

19, 2155; 20, 3i^ > tded pointed 

BEXZEN’E-Azo-imoM^ ^ ’^-acd by passing 

Benzene-azo-t:. faon of (li-amyl 

Ph~N 2 -C ti Br 3 (0K.^ p,,^]. F.) 3 OH) 2 : smal 
azo-resorcin and b^^.lte (Typke, 4 I 6 : small blac* 

Benzcne-azo-p-cfiioro-benzeneiann a. Fleissnei 
C (i n 5 -N 2 —C,iH,Cl [1:4]. Ch 
[89°J. Yellowish-brown plat&id ^mes in 
brown needles. Easily soluble ifi’ether, benzene* 
and hot alcohol, sparingly in cold alcohol. 

Preparation .—100 grins, of benzene-azo-ani¬ 
line hydrochloride are suspended in 2 litres of 
water and 220 c.c. of cone. HCl, and diazotised 
by slow addition of a cone, solution of 20 grms. 
sodium nitrite. After standing for some time 
the diazo-azo-benzeno solution is filtered and 
slowly added to a boiling solution of 40 grms. 
Cu 2 Cl 2 in 360 c.c. of cone. HCl, and boiled for 
some time; the greyish-black pp. is treated 
with cond. HCl and then with dilute NaOH to 
remove impurities, and extracted with hot al¬ 
cohol; the alcoholio solution after treatment 
with animal charcoal deposits the benzene-azo- 
chloro-benzene on cooling in glistening brown 
plates; the yield is 38 p.c. of the theoretical 
(Heumann a. Mentha, B. 19, 1686). 

Reactions .—When its alcoholio solution is 
allowed to stand in the cold with SnCl* and 
I 2 drops of H 2 S0 4 it is converted into a chloro- 
j di-amido-diphenyl NH 2 .O a H 4 .C a H,Cl.NH s . Th« 
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latter body is not formed, however, by heating 
the hydrazo- compound, previously prepared, 
with HOI, but benzone-azo-chloro-benzene, 
chloro-aniline, and aniline are formed instead. 
On nitration with fuming HNO, benzene-azo- 
chloro-benzene gives p-chloro-beiizene-azo-p- 
nitro-benzene C IJ H,Cl.N r C !i II 4 (NO._,). By treat¬ 
ment with fuming sulphuric acid it is converted 
into p-chloro-benzene-azo-benzeno p-sulplionic 
acid C,H l Cl.N...C (i lI,(S0 8 H) (Mentha a. Heu- 
mann, B. 19, 2970). 

Benzene-azo-o-cresol 

C 8 H 5 —N 2 —C,.lI ;i (CH 3 )(OH) [1:3:4], [130°]. 
Glistening yellow plates. V. sol. alcohol, ether, 
chloroform, and benzene; si. sol. hot, insol. cold, 
water. Dissolves in dilute alkalis with a 
yellowish red colour. Obtained by the action of 
diazobenzene chloride on an alkalino solution of 
o-cresol. It readily gives a dis-azo- compound 
when treated in alkaline solution with a further 
quantity of diazobenzcnc chloride. 

Acetyl derivative: [82°]; yellow tables, 
v. sol. alcohol, ether, and benzene. 

Benzoyl derivative : [111°]; small yellow 
needles, v. sol. ether, acetone, and hot alcohol 
(Liebermann a. Kostaneeki, B. 17,130 ; Nulling 
a. Kohn, B. 17, 3f>3). 

Benzene-azo-w-cresol 


C a H 4 —N;j—C G H 3 (CIf 3 )(OH) [1:2:4], [109°]. 

Yellow needles. V. sol. alcohol, ether, chloro¬ 
form and benzene. With alkalis it forms 
yellowish-red salts. Obtained by the action cf 
diazobenzene chloride on an alkaline solution 
of wt-crcsol. It readily combines with another 
mol. of a diazo- compound to form dis-azo- com¬ 
pounds (Ndlting a. Kohn, B. 17, 366). 
Benzene-azo-;)-cresol 

C a H 4 —Njj—C, II 3 (CHJ (Oil) [1:5:2]. [109°]. 
Orange yellow plates. Soluble in dilute alkalis. 
Dyes a canary yellow. Formed by the action of 
diazo-benzene chloride on an alkaline solution 
of p-cresol. It does not yield a dis-azo- compound. 

Acetyl derivative Ph—N a —CjIlJOAc): 
[08°]; yellow needles, v. sol. alcohol, ether, 
ohloroform, and acetone. 

Benzoyl derivative Ph—N 2 —C,H a (OBz): 
[113°]; yellow needles, sol. ether, benzene, and 
hot alcohol (Mazzara, G. 9, 425; Liebermann a. 
Kostaneeki, B. 17,130; Nolting a. Kohn, B. 17, 


862). 

Benzene-azo-p-cresol-sulphonic acid 

G,H s -N 2 — C a H <t (CH,)(OH)(SO a H) [1:5:2:3]. 
Small reddish brown tables or needles. Easily 
soluble in water, sparingly in alcohol. Formed 
by the action of diazobenzene chloride on an 
alkaline solution of p-crcsol-sulphonio acid 
[1:4:2], A'Na: soluble reddish brown plates, 
dyes wool an orange yellow (Ndlting a. Kohn, 
B. 17, 357; cf. Stebbins, A. C. J. 1, 465; 2, 263). 
Benzene-azo-^-cumenol 

O.H-N 2 -G 6 H(CH 3 ) i OH [1:3:5:6:2]" [94°]. 

Glistening brown prisms. In small quantities 
it can bo distilled undecomposed. Insoluble in 
alkalis. Formed by combining dia#o-benzcne 
chloride with ^-cumenol [70°]. On reduction it 
yields aniline and amido-^-cumenol [167°] 
(Liebermann a. Kostaneeki, B. 17, 886). 

Benzene - azo - di - ethyl - amido - benzoic acid 
0*Hj—N 2 —0 6 H 4 (NEt 2 )C0 2 H[l:4:2]. [125°]. From 
diazo-benzene nitrate and di-ethyl-m-amido- 
benzoic acid. Bed crystals with violet lustre 


(from alcohol). Insol. water, il. sol. alcohol and 
ether. Salts: BaA' r —<AgA' /Griess, B. 10,526).' 
Benzene-azo-othyl-(d)-napnthyl-amine 

C d Hj—N 2 --C lu II d .NHEt. [103°]. Bed needles. 
Soluble in alcohol ifcc. with an orange-red colour, 
iusol. water. It forms bluish-violet salts with 
acids. Formed by heating ethyl-(d)-naphihyl- 
nilrosamine with an acetic acid solution of 
aniline at 100°. Also produced by combining 
diazo-benzene with etliyl-(0)-naphthylaniino. 

Nitrosamine C u U,.N 2 .C lu H (j .NEt(NO): 
[97°); red crystals (Henriques, B. 17, 2669). 

Benzene-azo-ethyl-phenylene-diamine 
C U H 5 .N 2 .C„H,(NiL)NHEt. Ethyl - chrysoidine. 

Dyes a redder shade than ordinary chrysoidine. 
Formed by combining othyl-m-phenylene- 
diamine with diazo-benzene.- B"11C1: reddish- 
brown needles with violot-biuo reflection, soluble 
in water and alcohol with an orange colour.— 
B".,I1 ,C1.,PIC1 4 ; insoluble red pp. (Ndlting a. 
Strieker, B. 19, 517). 

Benzene-azo-indoxyl 


yCJL—C(OII) 

C a H 4 -N 2 -N< || (?) 

\-oil 


[236°]. Bed needles or thick orange prisms, 
Sol. alcohol and alkalis, v. si. sol. water. 
Formed by the action of diazo-benzene ohloride 
on indoxyl (Baeyer, B. 16, 2190). 

Benzene-azo-methane C„H S —N 2 —CH S . Azo • 
phenyl-methyl, (c. 150°). Yellow oil of pecu¬ 
liar odour. Very volatilo, and readily distils 
with steam. Formed by oxidation of s -phenyl- 
methyl -hydrazine C a H 4 .NH.NH.CH 4 with HgO 
(Tafel, B. 18, 1742). 

Benzene-azo-methazonic acid 
Ph-N r C 2 H 3 N 2 O s . [164°]. From diazo-ben¬ 
zene nitrate and an aqueous solution of sodium 
mjthazonate (Kimich, B. 10, 141). Orange 
needles (from alcohol); insol. water.—Na 2 A"2aq. 
—BaA" aq. 

Benzeneazo-di-methyl-amido-benzoic add 
Ph—N 2 — G a H 3 (NMe.JC0 2 II [1:4:2]. From diazo- 
benzene nitrate and di-methyl-m-amido-benzoio 
acid (Griess, B. 10, 527). Orange nodules. 

Benzene-azo-methyl-aniline 
C fl H s —N 2 —C # H 4 .NHMe. Methyl-amido-azo-ben- 
zene. [180°]. Bed needles. Sol. alcohol. Formed 
by heating benzene-azo-aniline with Mel.— 
B'HCl: violet needles. 

Acetyl derivative C a TI v N 2 .O a H 4 .NMeAc; 
[139°]; yellow silky needles (Berju.D. 17,1401). 

Benzeneazo-di-methyl-aniline 
C a H i .N 2 C a H 4 .NMc 3 . Dijncthyl-amido-azo-ben *' 
zene. [115°]. Yellow plates. 

Preparation. —1. A solution of 74 pts. of 
NaN0 2 (100 p.c.) and 40 pts. of NaOH in 540 
pts. of water is slowly added to a cooled solution 
of 100 pts. of aniline, 130 pts of dimethylaniline, 
and 230 pts. of HC1 in 360 pts. of water (Griess, 
B. 10, 525: Mdhlau, B. 17,1490).—2. By heat¬ 
ing benzene-azo-aniline with Mel (Berju, B. 17> 
1402; C. C. 1884, 871). .. 

Methylo-iodide B'Mel. [174°]. Plates; , 

Benzene-azo-methyl-ketole 
O a H 5 —N„—C U H,N. [116°]. Yellow needles. 
Formed by the action of diazo-benzeno-chlorid* 
upon methyl-ketole in aqueous alcoholio solution 
in presence of sodium-acetate (Fischer, B. 19, 
2990). 
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Benzene-azo-methyl-phenylene-diamine 

C<H 5 .N r C,H,(NH 2 )NHMe. Methyl-chrytoUine. 
Minute orange prisms. Dyes a somewhat redder 
shade than ordinary chrysoidine. Formed by 
combining diazobenzcne with methyl-w-phenyl- 
ene diamine (Niilting a. Strieker, B. 19, 549). 

Benzene azo-(a) -naphthol 
C # H S — N„ -C 10 II„.OH. (a)-Naphthoquinone- 

phenyl-hydrazidc. [20G°]. Small needles with 
blue reflection (from alcohol) or Hat needles or 
plates (from benzene). 

Formation.— 1. By combining (a)-naphthol 
with diazobenzene.—2. By the action of phenyl - 
hydrazino hydrochloride upon (a)-napthoqui- 
none suspended in acetic acid. 

Reactions. —Dissolves both in acids and 
alkalis. BroTnine forms two bromo- derivatives 
[185°], and [196°] (Margary, G. 11, 27L). 

Salts. -A'K: crystalline pp. The hydro¬ 
chloride, hydrobromide, and sulphate 
form bluish or greenish glistening needles, 
sparingly soluble in water, alcohol, and acetic 
aoid (Typko, Li. 10,1580). 

Methyl ether A'Me: [83°J; brown crystals. 

Ethyl ether A'Et: [100°]; long needles. 

Acetyl d!rritfaHvc C 1(j 1f M N.,(OAc) [T28°] ; 
small brownish-red needles (Liebermann, B. 10, 
2858; Zincke a. Bindewald, B. 17, 3020). 

Benzene-o-azo-(a)-naphthol 

°a 

C 10 H # < | [1:2]. (?) [138°]. {fl)-Naphtho- 

\NJI.CJT,3 

quinons-phcnyl-hydrazide. Formed by the action 
of phenylhydrazine hydrochloride upon (0)- 
naphthoquinone. Long red needles; sol. hot 
alcohol and hot acetic acid. It does not combine 
with acids or bases. By SnCl 2 it is reduced to 
(/3)-amido-(a)-naphthol. By treatment in hot 
acetic acid solution with UNO, it gives di-nitro- 
(a)-naphthol. By tho action of alkaline reducing 
agents it is at once converted into (0)-amido- 
(5)-naphthol; no intermediate product could be 
detected (Zincke a. Bindewald, B. 17, 3030; 
Zincke a. Batbgen, B. 19, 2482). 

Bromo• derivative C |li H l(l N r Jh\.0; 
[215°-219°J: slender red needles. 

Benzene-azo-(0) -naphthol O lt; IT 12 N a O i.e. 


C # II J .N 2 .C lu II Ii .OH or 


,00 

I 

\\,H.C, ,II-c 


[ 1 : 2 ]. 


[134°]. 

Formation .—By the action of a diazobenzene 
salt on an alkalino solution of 0-naphlhol. It 
is not formed by the action of diazobenzene 
hydrate on finely divided (0)-naphthol (difference 
from (a)-naphthol) (Liebermann, B. 10, 2858). 

Properties .—Golden plates or long metallic 
glistening needles. Soluble in ether, benzene, 
ligroine and CS,. Dissolves in H 2 S0 4 with a 
magenta-red colour. Is insoluble in caustic 
alkalis. It 1ms a slightly basic character, 
dissolving in HC1 with a red colour, and form¬ 
ing an unstable hydrochloride crystallising in 
needles. By SnCl 2 it is reduced to (a)-amido- 
(0)-naphthol and aniline. The same reduction 
^products are also formed at once by treatment 
with alkaline reducing agents ( e.g. zinc-dust and 
vaOH, ammonium sulphide, &c .); no inter¬ 
est® Induct was detected. When treated 
acetio acid solution with HNO, it gives 


di-nitro-(0)-naphthol (Zincke a. Bathgen, B. 
19, 2482). 

Bromo- derivative C 18 H n BrN 2 0: [168°], 
Brownish-red needles (Zincke a. Bindewald, B 
17, 3031). 

Benzene-azo-(a)-naphthol sulphonic acid 

C,H 5 -N 2 -C 10 H,(S0 3 H)(OH). From sodium (a), 
naphthol sulphonate, aniline nitrate, and KN0 4 
(Hofmann, B. 10,1378). Slender brown needles 
(from alcohol mixed with IIClAq). Dyes orange. 
—AgA'.—BaA'o. 

Benzene-azo-(0)-naphthol sulphonic acid 
C 0 H 5 -N 2 - CUi^HSOJOH. Brown needles with 
yellowish-green reflex. Difficultly soluble in 
water and alcohol. Prepared by the action of 
an alkaline solution of (0)-naphthol-sulphonic 
acid on diazobeuzene nitrate or chloride. — A'.Ba. 
Yellowish rod microscopic leaflets. Slightly 
soluble in water (Griess, B. 11, 2197). Its 
absorption-spectrum lias been examined by 
Hartley {C. J. 51,19(1). 

Benzene-azo (0)-naphthol disulphonic acid 
CJI, - N 2 - C 10 H 1 (SO ;) H)..(0 H). From sodium (0)- 
napiitholdisulphonateanddiazo-benzene nitrate. 
Sol. wator. Barium salt is si. sol. water 
(Stcbbins, jun., A. C. J. 2, 230). 

Benzene-azo-(a)-naphthylamine 
C (i H s —N 2 —C, 0 H (i NH 2 . Prepared by the action 
of diazobenzene sulphate on (a)-naphthyl- 
amine (Griess, T. 1804, iii. 079; Weselsky a. 
Bonodikt, B. 12, 228).—B , .Jl i! S0 4 4aq: micro¬ 
scopic needles; diflicultly soluble in water. 

Benzene-azo-(0)-naphthylamine 

,NH 

C tf ll 5 —N 2 —C^HyNIIjj or C I0 H ti <; I 

Benzenc-hydrazimido-naphthalene. [104°]. Bed 
trimetric tables or long fine red needles. Easily 
soluble in alcohol ami acetic acid, insoluble in 
water. Dissolves in strong 1I 2 S0 4 with a blue 
colour. Its salts exist only in presence of a large 
excess of acid. Formed by combination of 
diazobenzene with (0)-naphthylaniine. By boiling 
with 20 p.o. aqueous }JLS0 4 it is slowly decom¬ 
posed into (0)-naphthylaminc, phenol, and 
nitrogen. On reduction it gives aniline and 
(1, 2)-nnphthylone diamine. On oxidation it 
gives benzone-azimido-naplithalene (q.v.). 

Acetyl derivative C l(1 H )2 AcN :1 . [153°]. 

Small red needles, easily solublo in alcohol, in¬ 
soluble in water. 

Benzoyl derivative C,„H 12 BzN,: [103°], 
red crystals (Lawson, B. 18, 790). 

Benzene-o-azo-nitro-benzene 
C h H 5 —N,— C B H,(N0 2 ) [1:2]. Nitro-azobenzene. 
[123°]. Formed by nitration of benzene-azo-ben¬ 
zene in acetic acid at 100°. Orange-yellow 
minute needles. V. sol. alcohol. Alcoholic 
NuOlI gives a beautiful emerald-green coloura¬ 
tion ; by long boiling or by treatment with sodium- 
amalgam it is further reduced to a compound 
0 2l II„N tt 0. Tin and HC1 or ammonium sulphide 
first reduce it to bonzenc-o-azo-aniline and then 
to aniline,and o-phenylene-diamine. By bro- 
mination in acetic acid it yields bromo-nitro- 
benzene [123°] or [132°] (Janovsky a. Erb, B. 
19 ,2157 ; 20, 3G0; M. 8, 6G). 

Benzene-p-azo-nitro-benzene 
e # H a .N 2 .CJI 4 .N0 2 [1:4]. [137°]. Small yellow 

needles (from alcohol). Formed by nitration of 
benzeno-azo-benzene. By NH 4 H8 it is reduced 



AZO- COMPOUNDS. 


877 


to ordinary benzone-azo-aniline. Alooholic 
NH 4 HS produces red crystals of an intermediate 
C 8 H & .N,,.C 8 H 4 .NOH 

aitrolio aoid | (?) [134°], 

C a H s .No.C (i H ,.N OH 

which forms a bluo solution in NaOHAq. 
K 3 FeCy 8 reoxklises it to benzene-azo-p-nitro- 
benzene. By complete reduction it yields aniline 
and ju-phenyleno-diamine (Laurent a. (iorhardt, 

A. 75,73; Janovsky, B. 18,1133; M. 6,164,455). 
Benzene-azo-tri-nitro-benzene 

C, ; H r -N, -C.il.(NO,).,. [112°]. By action of 
HgO on an alcoholic solution of the correspond¬ 
ing liydrazo- compound (E. Fischer, A. 190, 133). 
Slender red prisms (from alcohol). 

Benzene-azo-nitro-iso-butane 
C u H 4 —N,—CII(NO.,)Pr. From diazobenzene ni¬ 
trate and potassium nitro-iso-butano (Ziiblin, 

B. 10, 2088). Oil. Forms an orange solution 
in alkalis. 

Benzene-azo-nitro-ethane CJIuN.,0., i.s. 
C„H 5 —N,-CiI(NO,).CII.,. [137°J. Fromdiazo- 
benzcno nitrate and sodium nitroethaue (V. 
Meyer a. Ambiihl, B. 8,751, 1073). Itectangular 
orange crystals ; v. sol. alcohol and ether, insol. 
cold water, sol. aqueous alkalis forming a blood- 
red solution. Dyes silk yellow. Cone. H,S0 4 forms 
a violet solution. It crystallises unaltered from 
aqueous Nil, (Barbieri, B. 9, 386) but such a 
solution gives pps. witli metallic salts. 

Salt s.—C„H 7 K,N a O,.4aq. -C M H.Na.,N 3 0.,7aq. 

- C,H 7 ZnN 3 0,3aq.-C;H ; BbN 3 0,Pb()2iaq.' 
Benzene-az i-nitro-methane 


C„Hj—N, CIL.NO,. [L53 0 ]. From diazoben- 
zone nitrate and sodium nitromethane in very 
dilute solution (Friese, B. 8,1078). Slender red 
needles (from alcohol). Cone. Jl,S0 4 gives a 
purple solution. Decomposed by HClAq only 
after long boiling. 

Benzene-azo-tri-nitro-phenol 
C 8 II 5 —N, •■■■ C li H(NO.,) 3 OII. Long brown prisms. 
Insol. cold, si. sol. hot, water; v. sol. alcohol. 
Explodes at 70°. Dyes silk and wool orange- 
yellow. Prepared by tho action of a salt of 
diazobenzenc on an alcoholic solution of picric 
acid (Stebbins, jun., A. C. J. 1, 405; 2,236; 
C. N. 41, 117; B. 13, 43). 

Benzenc-azo-nitro-propane 
C d H.,-N, ClI(NO,).CH,.Cf£ 3 . [99°]. From po- 
tassium nitropropano and diazobenzene nitrate 
(V. Meyer, B. 9,380). Orange needles; sol. alkalis. 

Banzene-azo-iso-nitro-propane 
0,11,— N, -C(NO.)(CH,)„. From aqueous diazo- 
benzene nitrate and potassium nitro-isopropaue. 
Oil; in sol. alkalis (V. Meyer a. Ambiihl, B. 
8,1070). 

Benzene-azo-o-oxy-benzoic-acid 

CJI 5 —N,—C tt LI s (011).CO,H. From diazobenzeno 
nitrate and an alkaline solution of salicylic «.cid 
(Stebbins, jun., A. C. J. 1, 405; B. 13, 715; 
C. N. 41,117). Orange-red needles; insol. water, 
▼. sol. alcohol or ether. Dyes wool orange. 
Benzene-azo-di-oxy-naphthaleue 

C,H i -N r -C, 0 U i (OII) 1 or C,.11,(011) (g HCA 

Oxy - (a) - naphthoquinone phenyl - hydrazidc. 
[230°]. Formed by the action of phenyl- 
hydrazine on oxy-naphthoquinone in aqueous- 
alcoholic solution. Yellowish-red glistening 
needles. V. sol. ether, hot alcohol, and but 
acetic acid. 


Salts.—The alkali Balts form slender orange 
needles, sol. alcohol.—A' 3 Ba lOaq : yellowish- 
brown plates or long red needles.—A/,Ca 4aq : 
slender orange needles.—A'Ag: reddish-brown 
amorphous pp. 

Acetyl derivative: [179°]; red needles. 

Methyl ether A'Mo: [175°]; red neodlos. 

Ethyl ether A'Et: [173°J; yellowish-red 
needles, v. sol. hot alcohol and hot acetic acid. 

Bromo-derivat iwe-C l( .lI,,BrO,N 2 : [198°]; 
large red needles, si. sol. alcohol (Zinoko a. 
Thclen, B. 17, IrtO »). 

Bcnzene-azo-phenol C 8 1X.—N 2 - C 8 II l .OH[l :4J. 

Oxy-azo-benzene. (154°]. 

Formation. —1. A product of tho action of 
BaC0 3 on diazobenzeno nitrato in the cold 
(Ciriess, A. 137, 84).—2. From benzeno-azo-bon- 
zeno sulphonic acid by potash fusion (Griess, A. 
154, 211).-3. From diazo-benzeno nitrate and 
C S H A 0K (Kekul6 a. lleidegh, Z. [2] 6, 384).—-4. 
By the action of p-nitroso-phenol (20 pts.) on 
aniline acetate (00 pts.) (Kimich, B. 8, 1499).— 
5. By gently wanning benzene-azoxy-bonzono, 
C.li, —N..O—0,11., with I1.,S0 4 (Wallach, B. 13, 
525; 14,2017). 

Properties. —Purple pyramidal plates. Insol. 
cold water, sol. alkalis; v. sol. alcohol. Bro¬ 
mine in acetic acid gives a compound [139°]. 

Salt.—AgA'. 

Acetyl derivative. — IdidCCJ^OAo. 
[85°). (above 3G0 9 ). Golden scales. 

Methyl ether. -- Ph.N 3 .C u H 4 OMo [54°]. 
Yellow scales. 

Benzene-azo-phenol sulphonic acid 

C li II i -N,-C,Il 1 (011)(S0 u ll)[l:4:3]. Fromdiazo- 
benzeno nitrato and an alkaline solution of 
phenol o-sulphonic acid (Griess, B. 11, 2194). 
lted needles or tables ; sol. water and alcohol.— 
KA'. 

Benzene-azo-phenol sulphonio acid 

C 13 H h N 3 (0H)(K0 3 H). From benzene-azo-phenol 
and fuming 1I 3 S0 4 (Tschirvinsky, B. 0, 500).— 
BaA'o2uq.—CuA^Oaq.—MgA^Oaq.—KA'. 

Benzene-azo-phenol di-Bulphonic acid 
C l3 H 7 N 2 (OH)(SO ;1 II). J . From azoxy benzene 

(1 pt.) and fuming 1LS0 4 (10 pts.) by heating 
for 3 hours at 150° (Liinpricht a. Wilsing, A. 
215, 232; B. 15, 1297). Grange needles, v. e. 
sol. water, v. sol. dilute acids. 

Salts.—K,A" 2aq: red needlos, si. sol. cold 
water; not attacked by Br. -BaA" aq: orange 
crystalline pp.—Ag 3 A": red crystalline pp. 

Benzene-azo-phenol tetra-sulphonic acid 
“G. JI N,(0rr)(SO 3 II) 4 . From azoxybenzene 

and fuming I1.S0 4 (L. a. VV.). Will not crystal¬ 
lise. Salts.-0 1? H.N.,(GK)(S0 3 K) 4 7iaq ; long 
yellow needles. Qiuswilli bromine-water a pp. 
of tri-bromo-phonol [92°].—Ba^A lv 7aq : orange 
crystalline pp. 

Other benzene-azo-phenol sulphonic acids are 

described as Oxy-benzene-kzo-benzone sulphonic 
acids, and sulpho-benzene-kzo-phe?iol sulphonic 
acids. 

Benzene-azo-diphenylamine 
C rt H 5 —N 2 —C„H,.NH.C 6 H v [82 ] (O. N. Witt, 
C. J. 85, 185; B. 12, 259). A solution of di 
phenylamine (17 g.) in alcohol (100 c.c.) is added 
to a solution of diazo-benzene chloride (14 g.) in 
alcohol (50 g.). The brown mixture is cooled 
with ice, and alcoholic NMe 3 (used instead of 
Nil, because NMc a HCl is soluble in alcohol) is 
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added from time to time to neutralise the liquid. 
The oil which separates is purified by a lengthy 
process, and finally crystallised from benzoline. 

Properties. —Golden leaflets or needles. Sol. 
benzeno, alcohol, and ether. HC1 turns its 
alcoholic solution violet; steel-grey crystals of 
the hydrochlorido separating. The base forms 
a green solution with 11,80, turned, by adding 
water, into indigo, violet, and finally red. With 
amyl nitrite and acetic acid it fonusanitrosamine, 
Ph.N(NO).C ll,NJ'h, [120°], forming orango 
needles, sparingly soluble in alcohol and noetic 
aoid, readily in benzene. 

Benzoae-azo-m-phenylene diamine 

C,JI a (N r H,), [1:2:1]. Chryso'idine. 
[117*6°] (W.); [110°] (it.). From diazobenzene 
salts and m-phcnyleno diamine (Witt, B. 10, 
860,661 ; Hofmann, B. 10, 218,388; Griess, B. 
10,300). Slender yellow needles (from water); 
si. sol. water, v. sol. alcohol, iteduced by am¬ 
monium sulphide at 160° to aniline and (1,2, 4). 
tri-amidu-benzene. Theabsorption-spcetrumhas 
been examined by Hartley (C. J. 61, 178).— 
B"HC1 : black octahodrn or small red silky 
crystals; its aqueous solution is orange, but 
turned red by 1101—B" s H.i’tGI,.- B''HN6 S . 

Bi-acetyl derivative 
Ph— N a -C 6 Il,(NHAe), [251°]. 

Benzent-azo-m-phenylene-diamine sulphonic 
acid C a Hj N 2 it1L),(S0, II). Chryso'idine 

sulphonic acid. Glistening spangles or needles. 
SI. sol. water and alcohol. Prepared by the 
action of diazobonzcno-eliloride on a Balt of 
m-phenylcno-diamino sulphonic acid. A'Na: 
soluble golden needles —A',,Ba : orange needles 
(Ruhemann, B. 14, 2666). By the Bulphonation 
of ohrysoidine an isomerio acid is formed ( v . 
Di-amido-benzene-azo-bcnzene sulphonic ac-d). 

Benzene-azo - di - phenyl - methyl -pyrrol-car - 
boxylio aoid C,,H.„0 2 N, i.e. 

HO,C.C:CMe x 

HC'Cl’l /^■®“^**N-.C s Hj. [196°]. Obtainod 

by Baponification of its ethyl ether, which is 
formed from an acetio acid solution of aceto- 
phenono-aceto-acctic ether (1 mol.) and benzone- 
p-azo-aniline (1 mol.) on standing for two days. 
Large red crystals. V. sol. alcohol, other, and 
benzene; si. sol. ligroin and acetic acid; insol. 
water, and cone, acids. Gives Laubonheimer’s 
reaction. 

Ethyl ether EtA': [123°]; splendid red 
crystals; v. sol. benzeno and ligroin, si. sol. 
alcohol, ether, and acetic acid (Paul a. Schneider, 
o. 19, 31(>2). 

Bcnzeno-azo-phonyl-(|8).naphthyl-amino 

OhH„N, i.e. C.H, N s - C 1 „H„NHC„H. or 
.N.Cil 

I 

_ 'N,HC,IIj 

"“f 4 - phenyl - hydrazimido - naphthalene. 
If” ]. Obtained by combining diazo-bonzene 
chloride with phenyl.(fi). n aphthyl-amino in 
alooholic solution. It is also formed by the 
aotion of an acetic acid solution of aniline upon 
pnenyl-^J-rmphthyl-nitrosamine. Small red 
glistening needles. 

Reactions.— 1. By heating with cone. HC1 it 
N 

yields naphthopheuazine l \c lc H, and 

\jj/ 


aniline.—2. Bromine acting on the hot acetio 
aoid solution forms tetra-bromo-phenyl-(fi). 
naphthylamina with evolution of nitrogen.—3. 
It is reduced by SnCl 2 to aniline and phenyl* 
o-uaphthylene diamine C 10 H > (NH ! )NHC,II s .-4. 
By oxidation with K. 2 Cr 2 0, in acetic acid solu¬ 
tion the chromate of a powerful ammonium- 
base C 22 H„N,OH is formed ; the latter possibly 
.N(0I1).C S H S 

has tho constitution C 10 H 6 ^ |\ 

^N.N.CjIIj 

v. Naphthalene di-phenyl-A'/.Asmonxun-hydrate 
(Ilcnriques, D. 17, 2671 : Zincko a. Lawson, 
B. 20,1167). 

Bcnzene-azo-di-phcnyl-thio-urea 
C«H 1 -N 2 -C„H 1 .Nn.CS.NHPh. [179°]. Plates. 
Formed by combination of phenyl-mustard-oii 
with benzene azo-aniline (Bcrju, B. 17, 1106). 
Benzeue-azo-pyrogallol 

I'-H.'fGI i).- Prepared by adding an 
aqueous solution of diazobenzene nitrate to an 
alkaline solution of pyrogallol (Stebbins, jun., 

A. C. J. 1, 465 ; 2, 236 ; B. 13, 44 ; C. N. 41, 

117). Red needles (from acetic acid). Insol. 
water, sol. alcohol. Its alcoholic solution dyes 
silk and wool orange. ' 

Benzene-p-azo-resorcin 

C s H 5 -N 2 -0,H s ( 0H) 2 [1:2:4], [I6t°] or [170°]. 
From diazobenzeno nitrato and resorcin (Typko, 

B. 10, 1577; Wallach, B. 15, 2819; B. Meyer, 
B. 16, 1329). Formed also by gently warming 
diazobenzene anilide with resorcin, aniline being 
eliminated (Ileumann a. Occonomidcs, B. 20, 
906). Slender orange needles [170°] or short 
red needles [161°], insol. water, sol. aqueous 
alkalis, v. e. sol. alcohol. 

Acetyl derivative [102°]. 

Mono-ethyl ether [87°]. Scarlet needles. 
Diethyl ether 1 70°j. Yellowish-red needles. 
Benzene-o-azo-resorcin C„H i .N.,.C b H 3 (OH). 
[1:2:6]. F'ormodin small quantity (about 6p.o.) 
in the preparation of tile p-isomeride. 

Mono-ethyl ether C„Il l .N 2 .C li H J (OII)(OEt) 
[150°]. Long fine scarlet needles ; v. e. sol. aleo- 
liol and ether, insol. water; dissolves in aqueous 
alkalis with a brownish-red colour. 

Di-ethyl-ether C a II,,.N 2 .C,Il a (OEt) 2 : [90°]. 
Largo red glistening tables ; v. sol. ether, hot 
alcohol and acetio aoid, insol. water (Pukall, B. 
20, 1115). 

Benzene-azo-thymol 

C S H S —N..—O a H 2 MePr(OP) [1:2:5:4] [86°-90°l. 
From diazobenzeno chloride, and an alkaline 
solution of thymol (Mazznra, G. 15, 52, 228). 
Reddish-yellow needles. Reduction followed by 
oxidation gives thymoquinone. y 

Benzene-azo-thymol-sulphonic acid 
C B H s -N ?r C a H(CII a )(C,IL)(HSO a )OH. [216°]. 

bmaK yellow prisms. Yellow colouring matter. 
Prepared by the action of diazobenzeno chlorido 
on a salt of thymol-snlphonic acid. Salts.— 
A'Na: small yellow crystals.- A'.Ba: fine hair- 
like needles (Stebbins, B. 14,2793). 

Benzene^)-azo-tolueno 0,11,- -N 2 —C S H 4 (CH,) 
[63° corr.]. Formed by diazotising amido-ben- 
zene-p-azo-toluene O.HiCIl,)— N 2 —C„H i (NH ! ) 
dissolved in alcohol anil boiling the solution 
(Schultz, B. 17, 466). Orange-red plates; v. sol. 
alcohol. Volatile with steam. By treatment 
with alcoholic SnCl 2 and H.SO, it is converted 
into a base melting at [116°]. 
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B#nieae-MO-wt-tolylene diamine 

0 < H f -N 8 -O r H 2 Me(ra 2 ) 2 . Yellow needles. Easily 
Soluble in alcohol, sparingly in water. Prepared 
by the action of diazobenzene chloride on (1, 2,4) 
tolylene- diamine, [99°].—B'HCl: orange red 
needles (Stebbins, jun., A. C. J. 1, 405; B. 13, 
717; C. N. 41,117). 

Benzene - azo - xylenol C d H y N 2 .C,,H 2 Me.,OH 
[1:3:5:2]. [175°J. Formed by combining diazo- 
benzeue chloride with m-xylenol C^Il^Me^OH) 
[1:3:4] (Grevingk, B. 19,148). Slender brownish- 
red needles. V. sol. alcohol, ether, and benzene, 
insol. water. On reduction it yields aniline and 
o-amido-w-xylenol CJLMe,(NH,)(01I) [5:3:2:1]. 
Bromoamido-benzene-azop-bromo-aniline 
Diacctyl derivative 
[2:5:1] NlIAe.C„II 3 Br -N 2 —C G H ;) Br.NIIAc [1:5:2] 
[282°]. Formed by warming acetyl-bromo-nitro- 
anilineC li H ;< (NHAe)Br(N0 2 ) [2:5:1] with zinc and 
cone. NH.,Aq (C. H. Matthiessen a. Mixter, Am. 8, 
847). Pale red substance. 

p - Bromo - benzene - azo - benzene -p-sulphonio 
acid [4:1] O^H.Br — N, — C h H,(S 0 3 II) [1:4].. 
Formed by sulphonation of benzene-p-azo-bromo- j 
benzene or by bromination of benzene-azo-ben- 
zene-p-sulphonie acid. Flat needles (containing 
3aq). 

Salts. — KA': rhombic tables. — NaA': 
yellow silky needles, si. sol. water (Janovsky, M. 
5,162; B. 20, 858; if. 8, 53). 

m -Bromo -benzene-azo-benzene -p-sulphonic 
acid [3:1 J C 0 H 4 Br—N. 2 —CJI,(S0 3 H) [1:4]. 
Formed by sulphonation of henzene-ra-azo-bromo- 
benzene with fuming sulphuric acid. Glistening 
golden plates (containing 1* aq). 

Salts.—KA': yellow pearly pp. of micro¬ 
scopic needles.—NaA': pp. v. si. sol. wator 
(Janovsky a. Erb, B. 20, 359). 

o-Bromo-benzene-o-azo-bromo-benzene 
12:1] C 6 H ,Br—N 2 — C,,H 4 Br [1:2]. [185°]. A 

product of the bromination of benzene-azo- 
benzene in HOAc (Janovsky, M. 8, 50; B. 20, 
337). Golden plates, si. sol. alcohol. On nitra¬ 
tion it gives a tri-nitro- derivative [135°]. 

p-Bromo-benzene-p-azo-bromo-benzene 
[4:1] C b H 4 Br—N 2 —C G H 4 Br [1:4]. [205°]. Formed 
by bromination of benzene-azo-benzene (Werigo, 
A. 135, 178 ; 105,189). Formed also by reduc¬ 
tion of p-bromo-nitro-benzene with zinc-dust 
and alcoholic KOH (Schultz, B. 17, 465). 1 
Yellow needles. By alcoholic SnCl 2 and II,SO, 
it is converted into a di - bromo - di - amido- 
diphenyl. Fuming H..SO, forms a sulphonic 
acid C lv H,Br 2 N 2 SO a H3aq (W.). 

wt-Bromo-benzene-mazo-bromo-benzene 
[3:1] C # H 4 Br-N 2 -C a H 4 Br [1:3]. [126°]. From 
the corresponding hydrazo- compound by Fe 2 Cl fl 
(Gabriel, B. 9, 1407). ' 

Tribromo-benzene-azo-dimethyl-aniline • 
CgBL^Brj- N 2 —C fi H 4 (NMe 2 ). [161°]. Formed by 
adding an alcoholic solution of dimethylaniline 
(2 mol.) to C G H,Br 3 N 2 .NO,(1 mol.). Crystalline pp. 

Rea plates (from glacial acetic acid). Insol. 
water, hardly soluble in alcohol, combines 
with cone. HC1 (Silberstein, «7.pr. [2] 27, 124). 

Tribromo - benzene - azo - methyl - diphenyl- 
amine C s H 2 Br 3 —N 2 —C a H 4 NPhMe. [138°]. 
From C B Hj^r 3 N 2 N0 3 and NFh 2 Me in alcohol. 
Small brownish-red plates (from glacial acetic 
acid). Insol. water, si. sol. alcohol. Does not 
combine with HC1 (Silberstein, J. pr. [2] 27,125). 


Bromo-bemene-aio-(a)-naphthol 
[4:1] 0 g H 4 Br-N a -O 10 H,OH [1:4]. [196°]. From 
p-diazo-bromo-benzene and (a)-naphthol, or 
by bromination of benzeno-azo-(a)-naphthol 
(Mazzara, O. 14, 271). 

p-Bromo - benzene - azo - (.3) - naphthol 
[4:1J C d H 4 Br—N 2 —C 10 H u OH [1:2]. [161°]. From 
p-diazo-bromo-benzene and (/8)-i»aphthol, or from 
benzene-azo-(/B)-naphthol and bromine (Mazzara, 
Q. 13, 438). Orange needles. 

p-Bromo-benzene-p-azo-nitro-benzene 
[4:1] C # II 4 Br-N 2 -C tt H,(NO..) [1:4]. [108°]. 

Formed by nitration of benzene-p-azo-bromo- 
benzene. Yellow needles. V. sol. alcohol 
(Janovsky a. Erb, B. 20, 358). 

Bromo-bonzene-azo-di-nitro-benzene (?) 

[4:1] C a lI 4 Br—N 2 —C e lJ 3 (N0 2 ) 2 [1:2:4] (?). [190°]. 
Formed by nitrating benzene-p-azo-bromo-ben- 
zeno (Janovsky, M. 8, 52). 

p-Bromo-benzene-azo-nitro-ethane 
[4:1] C fl II,Br-N 2 -C11(N0 2 ).CH 3 . [o. 137°]. 

From p-diazo-bromo-benzene nitrate and potas¬ 
sium nitre-ethane (Wald, B. 9, 393). Brick-red 
crystals (from diluto alcohol); sol. ether, glacial 
HOAc, and chloroform. Salt.—CglLKNgO^Br. 

Di-bromo - di -imido-di-hydro-anthracene-aso- 
di bt omo-di-imido-di-hydro-anthracene 
C, .II 7 Br 2 N., or 

Nil Nil 

C a lI ) <g>C s Dr s TI -N s -Br,IIC 4 <]:>C 8 H, (?> 

Nil NH 

[233°]. Prepared by heating di bromo - nitro- 
anthraquinono with alcoholic NH 3 (Claus a. 
Diernfollner, B. 14, 1335). Rod needles. Sub¬ 
limable. SI. sol. alcohol and ether, insol. water 
or aqueous acids and alkalis. 

Bromo - di - oxy - benzene - azo - bromo- 
hydroqninone. Tctra-methrjl derivative 
C i; H : Br(OMe) 2 —N 2 —C,H 2 Br(OMe) 2 . [220°]. 

Formed by bromination of tlio tetra-methyl 
derivative of di-oxy-benzono-azo-hydroquinono 
(Baessler, B. 17, 2125). Red crystalline solid, 
v. sol. benzene, ehlorpform, and CS 2 , V. si. sol. 
alcohol, insol. water. 

Bromo-salpho-benzene-azo-benzene sulpho- 
nio acid 

[6:3:l]C, i H 3 Br(S0 3 H) -N, - 0 6 H 3 Br[S0 3 H) [1:6:3]. 
Formed by oxidation of a neutral aqueous 
solution of bromo-amido-benzene sulphonic acid. 
C u II 3 Br(NH 2 )(S0 3 H) [4:3:1] with KMnO,. 
Salts.—K.A"2aq: glistening red tubles (Lim- 
priclit, B. 18, 1122). 

Di-bromo - sulpho - benzene-azo-di-bromo-ben- 
zene sulphonic acid 

[2:6:l:l]C a H,Br 2 [S0 3 H).N 2 .C e II 2 Br 2 S0 8 H[l:2:6:4]. 
From potassic di - ’ romo - o - amido - benzene 
sulphonate and KMii 0 4 (Rodatz, A. 215, 222), 
Red plates (containing 2aq). V. sol. water or 
alcohol. Reduced by SnCl 2 to the original 
C h H 2 (N H 2 )Br.,S0 3 H. Salts. — K 2 A" 2aq. — 
BaA" 3aq.- CaA" 4aq.—PbA". 

Chloride.—[ 258° 262°]. Brown plates. 

Amide. —Violet silky needles. 

Di - bromo • sulpho - benzene - azo - di - bromfr- 
benzene sulphonic acid 

[4:6:3:l]CJL ! Br 2 (S0 3 H).N 2 .C 6 H 2 Br 2 S0 3 H[l:4:C:8], 
From potassic di-bromo-amido-benzene snlpho- 
nate and KMnO, (Rodatz, A. 216, 216). Slender 
red needles, containing Uaq (from water). V, 
sol. water, v. e. sol. alcohol. Reduced by SnCfe 
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to the original 0 4 H 4 (NH^)Br 4 .S0,H. Salt*.— 
M/'Saq.-BaA" aq.-CaA"4aq.-PbA" 2£aq. 

Chloride.—[ 233°]. Briok-red needles. 

Atnide .—Microscopic orange needles (from 
alcohol). Does not melt. 

An acid isomeric with the above may be got 
by the action of KMn0 4 on the tetra-bromo- 
hydrazo-benzcne di-sulphonic acid of Jordan, 
A. 202, 361. 

Tri-bromo-sulpho-he n zene - azo-tri - bromo- 
benzene sulphonic acid f2:4:G:3:l] 
C a HBr,(SO a H) — N 2 — C H HBr 3 (S0 3 H) [1:2:4:6:3]. 
From potassic tri-bromo-m-amido-bonzoate by 
KMn0 4 (Rodatz, A. 215, 225). Flat orange 
needles. Bed need by SnCl 2 to the original 
C,H(NH 2 )Br 3 .S0 3 H. 

K 2 A" 3aq.—BaA"2aq.—CaA'' 7aq.—PbA"4aq. 

Chloride — [ 222 J -221 0 ]. Dark violet tables. 

Amide.—Brown crystals that do not melt. 

Di-bromo - sulpho - benzene - azo- (0 )-naphthol 
CjHjBr^SOjjH) -N 2 —C l0 H,.OH (Stcbbins, C. N. 
42, 44 ; A. C. J. 2, 230). From diazo-dibromo- 
bonzene sulphonic acid and an alkalino solution 
of (j8)-naphthol. 

Di-bromo - s ulpho - benzene - azo-di - oxy-naph- 
thalene C a H 2 Br 2 (S0 3 H)—N 2 —C I? H.(OH) r From 
diazo-dibromo-benzene sulplionic acid and an 
alkaline solution of dioxynaphthalene. Needles 
<Griess, B. 11, 2193). 

Bromo - sulpho - toluene - azo - bromo - toluene 
sulphonic acid N. i (C H H..BrMe.SO a II) 2 [1:?:4:5J. 
From potassic bromo-p-toluidine sulphonate (of 
Jenssen) and KMn0 4 (Kornatzki, A. 221, 186). 
Bed tables with pointed ends. Salts.— 
K 2 A" 4aq.—BaA" 5aq.—CaA"4]jaq. - PbA" 5aq. 

Chloridc. —[220°]. Groups of red prisms. 

Amide. —[above 200°]: red powdor. 

Di - bromo - sulpho - toluene - azo - di - bromo- 
toluene sulphonic acid N 2 (C 6 HBr.,Me.SO ;t H). ! 
[1:?:?:2:5]. From potassic dibromo-o-toluidino 
sulphonate (of Ilayduck) and KMnO* (Kornatzki, 

A. 221, 188). Blood-red plates. Malts.— 
K.>"2aq.-BaA" i)uq.—CaA" 8aq.—PbA" 9aq. 

Chloride . [243°]. Red swallow-tailed plates. 

Amide. —[218°]. Powder. 

Di - butyl -p - amido - benzene - azo - di - butyl - 
aniline (C 4 H # ) ,N.C a H 4 -N 2 — C B II 4 N(C 4 II # ) 2 . Di- 
butyl-aniline-azi/line. (158°J. Bed needles. 
Formed by passing NO through an alcoholic 
solution of di-butyl-aniline. 

Periodide. —B" 4 I 6 : dark crystals with blue 
reflection (Eippmann a. Flcissncr, B. 15, 2142 
and B. 16,1421; M. 3, 713). 
u m-Carboxy - benzene^ azo - aceto - acetic acid 
C 8 II 4 (C0.J1) N 2 -C1 IAc.C 0 2 H. Formed by the 
action of the sulphate of m-diazo-benzoic acid 
upon acetoacctio ether in alkaline aqueous 
solution (Gricss, B. 18, 962). Small yellow 
plates or needles. Solublo in alcohol, nearly 
insoluble in water. Bitter taste. 

o - Carboxy - benzene - o - azo - benzoic acid 
[2:1] C rt H 4 (C0 2 n)-N 2 —C 8 H 4 .C0 2 H [1:2]. 
o-Azo-benzoic acid. [238 ]. Mol. w. 270. From 
o-nitro-benzoic acid and sodium-amalgam (Gricss, 

B. 10, 1868). Dark yellow hair-liko needles. 
Insol. water; m. sol. alcohol. 

S alt a .—BaA" 7aq.—BaA" 9aq.—Ag.A". 

Ethyl ether Kt.A". [139°]. From o-nitro- 
bnnzoio ether by sodium-amalgam. Scarlet 
needles (Fittica, J. pr. [2] 17, 216). 


m-Carboxy-beniane-m-aio-benioio toid 

Ng(C 8 H 4 .C0 2 H) 8 [1:8]. m-Azobenzoic add. From 
m-nitro-benzoio aoid by sodium-amalgam 
(Strecker, A. 129, 134). Amorphous powder, 
decomposed by heat, v. si. sol. water, alcohol, 
and ether. Gives phenazino when distilled 
with lime. Its copper salt gives azobenzene on 
distillation. HgO and iodine gives an amor¬ 
phous di-iodo-derivative, C,,H 8 I 2 N 2 0 4 (Benedikt 
B. 8, 386). S alts.--BaA" 5aq.—Ag 2 A". 

Ethyl ether EtA". [90°]. By the action of 
EtI on Ag.^A" Golubeif (B. 7,1651) obtained two 
bodies isomeric with this ether, one melting at 
76°, the other being a monobasic acid. 

p-Carboxy benzene-p-azo-benzoic acid 
N 2 (C (i II,.C0 2 H) 2 [1:4]. From p-nitro-be»zoic acid 
and sodium-amalgam (Bcilstein a. Beichcnbacli, 
A. 129, 144; Billinger, A. 135, 154). Formed, 
together with azoxy benzoic acid, by boiling 
nitro-benzil with alcoholic KOH (Zinin, Z. 1868, 
563). Flesh-coloured amorphous powder, insol. 
water, alcohol, and ether. Gives phenazine 
when distilled with lime. Salts.—(NII 4 ) 2 A"aq.— 
Na 2 A".—CaA" 3aq.— BaA". —Ag.A". 

Ethyl ether Et 2 A". [88°] (Fittica, 
J. pr. [2] 17, 210). 

m-Carboxy-benzene-azo-malonic acid 
®dH 4 (C0 2 II)—N 2 -CH(C0 2 H) 2 . Formed by the 
action of the nitrate of m-diazo-benzoic acid on 
malonic ether in alkaline aqueous solution 
(Griess, B. 18,962). Microscopic orange needles 
or plates. Easily soluble in alcohol. 

Carboxy - benzene - azo - di-methyl-amido-ben- 
aoic acid C ti II 4 (CO..II) N 2 .C B H 3 NMe.,CO.J 1. From 
m-diazo-bcnzoic acid and dimethyl-m-amido- 
benzoic acid (Griess, B. 10, 525). Brown pp. 

m-Carboxy-benzene-azo-nitro-methane 
CJI,(C0 2 H).N,C1L(N().,). Formed by adding 
the nitrate of m-diazobenzoic acid to a dilute 
aqueous alkaline solution of nitromethano 
(Griess, B. 18, 961). Yellowish-red plates. Sol. 
hot alcohol and ether, v. si. sol. water. 

m-Carboxy-benzene-azo-(/3)-naphthol 
C fi H 1 (C() 2 IJ)-N 2 -C lu H fi (()Il). [235°j. Prepared 
by the action of m-diazo-benzoic acid on an 
alkaline solution of (/3)-naphthol (Griess, B. 14, 
2035). Reddish-yellow needles or plates. Sol. 
hot alcohol, si. sol. cold alcohol and ether, insol. 
water. 

Salts: A' 2 Ba3,}aq : red microscopic needles. 
A'K2aq: easily soluble yellow needles or plates. 

‘ Ethyl ether A'Et. [104°]. Yellowish- 
red needles or plates. Sol. ether, insol. water. 

Amide. —Slender orange noodles. SI. sol. 
alcohol and ether, insol. water. 

m - Carboxy - benzene-azo - ( 0 ) - naphthol sul¬ 
phonic acid C (J H 1 (CO..H)— N a —C 10 H 3 (OR)(IISO s ). 
Prepared by the action of m-diazo-benzoic acid 
on an alkalino solution of (0)-naphthol sul¬ 
phonic aoid (Griess, B. 14, 2036). Brown needles 
or plates. * Sol. hot water, si. sol. cold water and 
alcohol, insol. ether. Dyes wool and silk a 
splendid orange.—A" 2 H 2 Ba4aq: orange pp. of 
slender needles. 

m-Carboiy-benzene-azo-(A).naphthol - di-sul. 
phonio acid C a H 4 (CO 2 H).N 2 .C l0 H 4 (OIi)(HSO 3 ) t , 
Prepared by the action of m-diazobenzoic acid 
on (0)-naphthol-(a)-disulphonic acid in alkaline 
solution (Griess, B. 14, 2037). Yellowish-red 
microscopic needles. Dyea silk and wool an 
orange scarlet. 
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Salts.—BaHA'"6aq: red crystalline pp.— 
■a*A w s 12aq : red microscopic needles. 

I Carboxy-benzene-azo-phenol v. Oxy-benzene- 

fato-benzoic acid. 

1 Di-carboxy-benzene-azo-phthalic acid 

C 6 H a (C0 2 H) 2 —N 2 -C,H 3 (CO..H) 2 . Azo-phthalic 
acid, [about 250°]. Prepared by reduction of 
nitro-phthalio acid with sodium-amalgam (H. 
Muller; Claus a. May, B. 11, 1330). Small 
yellow needles: si. sol. water, alcohol, and ether. 

Salts.—A”Na,10aq: yellow monoclinic 
prisms, v. sol. water.—A''K 4 0aq: long yellow 
needles.—A iv Mg 2 18a<]: large orange crystals.— 
d w Ag 4 : yellow insolublo pp.—A iv Ba 2 : yellow 
insoluble pp. 

Di-carboxy-benzene-azo-terephthalic acid 

5:2:1] CJl a (C0 2 H) 2 -N 2 -C 6 H 3 (C0 2 H) 2 [1:5:2]. 
Azo-terephthalic acid. 

Formation. —1. By oxidation of hydrazo- 
ierephthalic acid with nitrous acid.—2. By 
reduction of nitro-terephthalic acid with sodium- 
imalgum (Homolka a. Low, B. 19,1092). 

Yellow needles. Sol. alcohol and ether, si. 
lol. water. Decomposes above 200°. 

Carboxy-naphthaleno-azo-(/3)-naphthoic acid 
3 )0 H,(CO 2 H)—N 2 —C^H^CO-dl). From a nitro¬ 
n-naphthoic acid by ammonium sulphide 
Rakowsky, B. 5,1022). 

e.ro-Carboxy-tolucne-azo-phenyl-acetic acid 
10 2 H.CH,.C b H 4 —N„—C Ii H,.CH.,.C 0 2 H. S. (cold 
ilcohol) 0-375; (hot alcohol) 1*57. Insol. hot 
vater, ether, and benzene. Does not melt below 
!00°. Formed by the action of sodium amalgam 
m nitro-phenyl-acetie acid [151] (Wittenberg, 
31. [2] 43, 111). 

Carboxy - toluene - azo - toluic acid 

5:2:1] C li H :; Mr(CO,,H)-N.,—C„II,MeCO.JI[l:5:2]. 
lzo-p-toluic acid. [184 ]. From nitro-p-toluic 
icid by sodium amalgam (Fittica, B. 7,1358). 
Jinuto yellow needles; m. sol. boiling water, 

\ sol. alcohol. 

p - Chloro - benzene - azo - benzene p-sulphonic 
.cid [4:ljC«H 4 Cl-N 2 -C,II,(SO a II) [1:4] [148% 
I'ormed by warming jp-chloro-azo-benzene with 
uming sulphuric acid (10 p.c. S0 3 ) at G0°-70°. 
Irown needles ; v. e. sol. water and alcohol. It 
s reduced by SnCl 2 to j>-chloro-aniline and p- 
ulphanilic acid. 

Salts.—A'Na: largo orange-yellow pearly 
dates or small needles; si. sol. cold water.— 
F 2 Ba: glistening flesh-coloured needles.--The 
£, Mg, Ca, Ag, Cr, and Fe, salts are white to 
lark-yellow needles; the Cu salt forms green 
dates ; all are sparingly soluble. 

Chloride C,H 4 C1*.N.,.C U H 4 .S0 2 C1: [130°]; 
'listening red prisms, easily soluble in alcohol 
md ether. 

Amide CJI 4 C1.N 2 .C # H 4 .S0 2 NH 2 : [2ll°]; 
yellowish - brown prisms ; sol. hot alcohol, 
iparingly in ether and cold alcohol, insol. water 
Mentha a. Heumann, B. 19, 2972). • 

ra-Chloro - benzene - m-azo - chloro - benzene 
1:3] CJI.Cl—N 2 —C h H,C1 [1:3]. Azo-chhro- 
'wnzene [101°]. Obtained by acting with Fe„Cl a 
)n ?n-di-chloro-hydrazo-benzene in alcoholic 
jolution (Laubenheimer, B. 8, 1025). Orange 
leedles (from alcohol). 

p-Chloro-benzene-p-azo-chloro-benzene 
[4:1] C„H 4 C1—N 2 —C ti II 4 Cl [1:4]. [18i°J. Fromp- 
shloro • benzene - p - azo - nitro - benzene and 
llcoholio potash (Willgerodt, B. 15, 1002); or 
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from di-chloro-azoxybenzene and fuming II,S0 4 
(Heumann, B. 5, 913, 918). Yellow needles. 

p - Chloro - benzene - azo - chloro -benzene snl~ 
phonic acid [4:1] C fl H 4 Cl.N 2 .C a H 9 Cl.SO a H [1:4:?]. 
Prepared by sulphonation of the preceding body 
(Calm a. Heumann, B. 13, 1183; 15, 2558). 
Slender reddish-yellow needles. Sol. water and 
alcohol. Salts.—A'Na : golden plates, si. sol. 
cold water. — A'K: reddish-yellow glistening 
plates, sol. hot water, .and alcohol. — A'Ag.— 
A' 2 Ba: yellow crystalline pp.—A' 2 Ca: golden 
yellow plates.—A'.,Pb : orange glistening plates. 

Chloride C 12 H ; C1 2 N..S0 2 C1 : [101°]. Long 
orange-red needles. 

Chloro - benzene - azo - chloro - phenol 
[3:1] Cl.CJH, - N., - 0,11,01(011) [1:3: ?]. [115°] 
Formed by tho action of fuming H 2 S0 4 on 
w-di-chloro-azoxybcnzcno (Schultz, B. 17, 405). 
Brown plates. 

Chloro benzene-azo-chloro-nitro-benzene 

[4:1] 0,11,01—N,.—OJI s 01(NO,.) [1:4:?]. [210°]. 
Prepared by reducing di-chloro-nitro-azoxy- 
benzene with cold alcoholic NH,HS (Calm a. 
Heumann, B. 13, 1184). Yellow needles. SI. 
sol. alcohol. 

m - Chloro - benzene - azo - di - methyl - aniline 

[3:1J C M Ii 4 Cl—N._.—C,II 1 NMe 2 {l:4J. [98°]. Yellow 
plates. Tolerably soluble in alcohol. Pre¬ 
pared by adding sodium nitrite (1 mol.) to a 
solution of m - cliloranilino (1 mol.) and di- 
methylariiline (1 mol.) in diluto H 2 SO, (Staedcl 
a. Bauer, B. 19,1955). 

pChloro-benzeno-p-azo-nitro-benzeue 
[1:4] C 0 fI 4 Cl.N 2 .O u H 4 (NO 2 ) [1:4]. [133°]. Formed 
by nitration of p-cliloro-azo-benzene with fuming 
HNO a . Yellow needles ; v. sol. acetic acid and 
hot alcohol, si. sol. cold alcohol, insol. water, it 
is reduced by SuCl 2 to p-ehloro-anilino and p- 
phenylene diamine (Mentha a. lleumann, B. 
19, 2971). 

p-Chloro-benzene-azo-phenol 

CJl.Cl—N..-C,H,(OH). [ 152°]. Formed by 
gently warming p-chloro-diazo-bcnzene-ohloro- 
anilido with phenol, p-chloraniline being elimi¬ 
nated. Reddish-yellow needles (Heumann a. 
Occonomides, B. 20, 900). 

Cumene-azo-cumene PrC 0 II 4 —N 2 —C^H^r. 
Azo-cumcne. [108°]. From nitro cumene, [-35°], 
by sodium-amalgam (PospekholT, J. It. 1880, 
49). Thin yellow leaflets, si. sol. cold alcohol. 

»f»-Cumene-azo-]/-cumenol 
[2:4:5:1 ] 0 li lL(CH a ) :i .N 2 .C (i H(CH 3 ) J .OH [1:3:5:6:2]. 
[148°]. Formed by combining di-azo-cumene 
chloride (from ^-cumidine) with ^-cumenol [70°] 
(Liebermann a. Kostan'vcki, B. 17,885). Orange 
needles. Insol alkalis. Dissolves in IPSO, 
with an orange colour. No nitrogen is ovolvca 
on boiling with HC1. 

4/-Cumene-azo-i[/-cuinidine 
[2:4:5:1] C H H 2 Me s .N 2 .C,HMe 3 .NII 2 [1:2:4:5:6]. 
[139°]. Prepared by the action of cumidine 
hydrochloride upon diazo-cumeno-cumide (di- 
azo-amido-cumenc) dissolved in cumidine (N51- 
ting a. Baumann, B. 18,1147 ; Bl. [2] 42, 335). 
Orango plates (from alcohol). V. sol. ether. On 
reduction with SnCl 2 it yields cumidine and 
cumylcnc-o-diaminc. Salt.—B'HCl: yellow 

crystalline) powder; readily loses its HC1; dis¬ 
solves in phenol with a yellowish-brown colour. 

Cuminic-azo-cuminic aoid 
PrC # H a (CO a H) —Nj—G.HjjPr.COjH. [280°], From 
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oitro - ttitninio aeidl and sodium - amalgam 
/Alexdeff, SI [2] 88, 662; 42, 821; /. B. 1882, 
108; Alexieff a. Kissel, El. [2] 40, 72). 

Ethers.-—Me J A l '.[l(i0 3 ].—lit, A".[104 o -108°). 

Cymene-azo-cyxnene 

C # H,MePr—N,-C.H a MePr. [80°]. From nitro- 
cymene by sodium-amalgam (Wcrigo, Z. 18G4, 
721). Cherry-coloured plates. 

Ethyl - amido - benzene - azo - benzene - p - 
iulphonic acid [4:1] C u H 4 (S0 3 H).N 2 .C„H,.NHEt 
[1:4]. p - Sulpha - benzene - azo - ethyl - aniline. 
[o. 244°]. Obtained by combining p-diazo- 
benzene-sulphonic acid with ethyl-aniline in 
acid solution. Steel-blue needles. Nearly insol. 
alcohol and cold water, si. sol. hot water. The 
sodium salt (Na.V) forms orangc-rcd plates. On 
reduction with (NH,) 2 S it yields mono-ethyl-p- 
phenylcne-diamine and p-sulphanilio acid 
(Bornthsen a. Goske, B. 20, 020). 

Di - ethyl - p - amido - benzene - azo - di - ethyl - 
aniline C tt U,(NEt 2 ) - N 2 —C„H 4 (NEt 2 ). Di-ethyl- 
amlinc-azyline. [170°]. Prepared by passing 
NO through an alcoholic solution of di-ethyl- 
aniline ; yield 50 p.c. of the theoretical, lied 
monoclinic crystals, n:5:c = l:*7108:*9403. /9~ 
00° 30'. V. sol. chloroform, si. sol. cold alcohol. 

Jteactions.—l. Nitrous acid acting on the 
acetic solution gives p-nitro-di-ethyl-aniline.— 
2. On reduction it yields M-di-ethyl-p-plienylcne- 
diamine.—3. lteated with ethyl iodide at 100° it 
gives tetra-ethyl-p-plicnylene-diamine.—4. Mel 
at 100° gives di-mcthyl-di-ethyl-p-phenylone- 
diamine. 

Salts.—B'TEChPtCl 4 : small brownish-red 
trimetrio tables.—Ferrocyanide B" 2 H 4 FeCy„: 
brown pIatcs.--Picrato B"(C u IL(N0 2 ) 3 0H) 2 : 
yellow sparingly soluble needles (Lippmann a» 
Fleissner, B. 15, 213G; 10, 1415; M. 3, 286, 
788). 

Di-ethyl-amido-benzene-azotoluidine 

Acetyl derivative 

[4:1] C fl H 4 (NEt 2 )-N 2 —C^MetNHAc) [1:6:31. 
[159°]. From diazotised acetyl-tolylcne-diamine 
C 8 H 3 (NH 2 )Me(NHAc) [1:0:3] and di-othyl-aniline 
(Wallach, A. 234, 350). 

o-Ethyl-benzene-o-azo-ethyl-benzene 
[2:1]C # H 4 (C 2 H S )—Njj—C 6 H 4 (CJl # )[l:2].[47°corr.]. 
Formod by reduction of o-nitro-ethyl-bcnzcno 
with zinc dust and alcoholic NaOli (Schultz, B. 
17,473). Long red dimetric prisms, a:c = 1: *3455. 
V. sol. alcohol. By treatment with SnCL and 
IIC1 in alcoholic solution it yields a di-amido-di- 
etbyl-diphenyl. 

p-Ethyl-benzene-p-azo-ethyl-benzene 
[4:lJC B H,(C.ll a )—N 2 —CgH 4 {Cdl 5 )[l:4].[63°corr.]. 
(abovo 340°). Formed by reduction of p-nitro- 
ethyl-benzene with zinc-dust and alcoholic 
NaOH (Schultz, B. 17, 475). Orange-red plates 
or thick prisms. V. sol. alcohol. By treatment 
with SnCL and H 2 S0 4 in alcoholic solution it 
yields a di-amido-di-ethyl-diphenyl. 

p-Ethyl-phenyl- amido-benzene-p - azo - ethyl- 
di-phenylamine 

[4:1] C„H 4 NEtPh—N 2 —C«H 4 NEtPh [1:4]. [178°]. 
From ethy)-di-phenyl-aminoand NO (Lippmann 
6. Fleissner, M. 4, 796). Monoclinic red crystals. 

Ethyl-pyrrol-azo-(j3)-naphthalene 
CjoHj.N.MC^NEt. [74°]. Obtained by adding 
^/Sj-diazo-naphtbalene chloride (1 mol.) to ethyl- 
pyrrol (1 moi.) dissolved in alcohol containing 
•odium acetate. Thick red tables. Sparingly 


soluble in dilate HGL Dissolves in eono. H 2 80 4 
with a dark reddish-yellow colour. The platino- 
chloride forms small sparingly soluble red 
needles (O. Fischer a. Hepp, B. 19, 2268). 
Ethyl-pyrrol-azo-p-toluene 

C,H 4 Me.N, r C-CH 
C b H 4 Me.N 2 .C 4 H 3 NEt probably $Eti 

HC = CH 


[62°]. Formed by adding p-diazo-toluene 
chloride (1 mol.) to an alcoholic solution of 
ethyl-pyrrol (1 mol.) containing sodium acetate. 
Thick red prisms. Dissolves in cone. H 3 S0 4 with 
a yollow colour, in diluto HC1 with a reddish 
yellow colour. The platino-chlorido forms 
sparingly i.oluble red needles (O. Fischer a. 
llepp, B. 19, 2257). 

Iodo-carboxy-benzene-azo-iodo-benzoic acid 

C 1> H 3 I(C0 2 II)-N 2 —C,H 3 I(C0.,H). Azo-iodo-ben- 
zoic acid. From wt-amido-benzoio acid, iodine, 
and IigO (Benedikt, B. 8, 386). 

Mesi ty lene-azo-mesitylene 
C 11 I£ 2 (CH s ), —N;,—C u H 2 (CH 3 ) 3 . Azo-mesitylene. 
[75° corr.]. Prepared by oxidising an aqueous 
solution of mesidino hydrochloride (5 pts.) with 
a solution of 45 pts. of potassium ferricyanide 
and 10 pts. of KOH (Schultz, B. 17, 476). Thin 
red needles. Sol. hot alcohol. It dons not 
appear to yield a hexa-methyl-benzidine by 
treatment with SnCl 2 and HC1 in alcoholic 
solution. 

Methyl * amido - benzene - azo - benzene - sul- 
phonic acid[4:l] C u II 4 (S0 3 H).N 3 .C li H,.NHMe [1:4]. 
p-Sulpho-benzenc-azQ-mcthul-aniline. Obtained 
by combining p-diazo-benzene sulphonic acid 
with methyl-aniline in acid solution; yield 30 
p.c. of theoretical. Also formed by the action 
of cold dilute acids upon p-sulpho-diazo-benzene- 
methyl-anilide C ti Il 4 (S0 3 H).N 2 .NMeC 0 li 5 . Steol 
blue needles, si. sol. water. The sodium-salt 
(A'Na) forms large orange-red plates, v. sol. hot 
water. On reduction with (N1J,).B it yields p- 
sulphanilic acid and mono-methyl-p-phenylene 
diamine (Bcrntliscn a. Goske, B. 20, 925). 

Di-methyl-amido-benzene-azo-benzene-sulph- 
onio acid [4:1] C fi H 4 (NMe. J )-N 2 -C 0 H 4 SO,H 
[1:4] Helianlhin, or Orange III. 

Preparation. —1. From dimcthylaniline and 
p-diazobenzeno sulphonic acid (Gricss, B. 10, 
525).—2. Dirnelliylamido-azobcnzcne (1 pt.) is 
dissolved in 20 pts. cold sulphuric acid of 30 p.c. 
anhydrido value and allowed to stand for 24 
hours (Mulilau, B. 17, 1491). The absorption 
spectrum has been mapped by Hartley (C. /. 
61, 192). 

Di-methyl-amido-benzene-azo-benzoic acid 
[4:1] C fl H 4 NMo 2 -N z -C tj H 4 .C0 2 H [1:3]. From 
di-methyl-aniline and ?w-diazo-benzoio acid 
(Gricss, B. 10, 525). 

Li - methyl - amido - benzene - azo-di-methyl- 
aniline [1:4] C, i H 4 (NMe 2 )— N 2 —C U H 4 NMc 2 [1:4] 
[260 J ], Dimcthykmilinc-azylinc. Bed needles. 

Formation. —1. By diazotising p-amido-di- 
methyl-aniline and combining the diazo-com- 
pound C 0 H 4 (NMe 2 ).N 2 .Cl with dimethylaniline 
(Nolting, B .* 18, 1143).—2. By passing NO 
through an alcoholic solution of di-methyl- 
aniline for several days. 

lieadions.— 1. Nitrous acid acting on the 
acetic acid solution gives p-nitro-di-methyl* 
aniline.—2. On reduction it gives tt-di-methjl-p. 
phenylene-diamine. 





\ Salt*.— B''H 2 Cl t PtCL: diohroio crystalline 
powder.—Piorate B rt C k H I (NO a ) # OH + C-H^H: 
glistening green needles (Lippmann a. Fleissner, 
B. 15, 2136 ; 16,1416; M. 3, 708). 

Di-methyl-amido-benzene-azo-p-toluene 
C T H r -N,-C 8 H 4 .NMe 2 . [108°]. Golden plates. 
Easily soluble in alcohol and ether. 

Preparation.— A solution of 65 pts.of NaN0 2 
{100 p.c.) and 35 pts. NaOII in 465 pts. of water 
is slowly added to a cooled solution of 100 pts. 
of p-toluidine, 113 pts. of dimethylaniline and 
200 pts. of IIC1 in 300 pts. of water. 

On reduction it yields p-toluidine and di- 
mcthyl-p-phenylene-diamine. The hydrochloride 
and sulphate form violet prisms, giving a red 
solution in alcohol (Molilau, B. 17, 1492). 

Di-methyl-amido-benzene-azo -p- toluene-sul- 
phonic acid C 7 H tf (HSO,).N ? .C 8 H r NMe 2 . Formed 
by the combination of p-diazo-toluene sulphonic 
acid (Me:HS0 3 :N 2 = 1:3:4) with dimethylaniline 
(Molilau, B. 17, 1493). Dark-violet prisms. 
Soluble in water and alcohol with an orange 
colour, insoluble in ether. The sodium salt 
forms orange glistening plates. 

Di-methyl-amido-benzene-azo-toluidine 
[4:1] C B H 4 (N Mo 2 ) —N 2 —C u II 3 Mc(N II.) [1:6:3] 
[145°]. From its acetyl derivative [200°] which 
is formed by the action of diazotised-acetyl- 
tolylene-diamine C s H 3 (NH 2 )Mc(NHAc) [1:6:3] 
upon di-methyl-aniline (Wallach, A. 234, 355). 

Di-methyl-amido-benzene-azo-toluidine 
[4:1] C 8 H 4 (NMe 2 ) -N 2 - C 8 H 3 Me(NH.) [1:4:3] 
[215°]. From its acetyl derivative, [192°] which 
is formed by the action of diazotised acetyl- . 
tolylene-diamine C„H ;l (NH 2 )Me(NHAc) [1:4:3] 
upon di-methyl-aniline (Wallach, A. 234, 359). 

p-Met hyl-phenyl-amido-benzene-azo-methyl- 
di-phenyl-amine 

[4:1] C.H l NMoPh.N a .C M H # NMoPh [1:4] [150°]. 
Yellow crystals, got by the action of NO on 
mothyl-diphenyl-amine (Lippmann a. Fleissner, 
M. 4, 798). 

(a)-Naphthalene-(a)-azo-naphthalene 
[a] O io H t .N 2 .C 10 H 7 [aj. [190°]. Prepared by 
boiling diazo-naphthalcno-azo-naphthalene with 
alcohol: 1 pt. of naphthalene-azo-naphthylamino 
is dissolved in 100 pts. of 95 p.c. alcohol and 
6 pts. of H 2 S0 4 are added; the still warm solution 
is then treated with a saturated solution of (1 
mol. of) NaN0 2 ; the fluid is heated and finally 
boiled for a few hours, and the azonaphthalene 
precipitated by water. It is recrystalliscd by dis¬ 
solving it in hot aniline and adding alcohol 
(Nietzki a. Goll, B. 18, 298, 3252). Stecl-ldue 
orystals. Sublimes in thin yellow plates. Soluble 
in aniline, sparingly in alcohol. It dissolves in 
cold HmSO, with a blue colour, but on heating 
the solution to about 180° it becomes violet and 
exhibits a red fluorescence. By alcoholic NH,HS, 
or zinc-dust and alcoholic KOH, it is reduced to 
hydrazonaphthalene. 

(a)-naphthalene-(0)-azo-naphthalene 
[«]C 10 H ; .N 2 .C 10 H 7 [/3]. [136°]. Obtained by diazo- 
tisation of 68)-naphthalene-p-azo-(a)-naphthyl- 
amino and boiling with alcohol. Park-brown 
plates with steel-blue reflex. Sol. alcohol, acetic 
acid, Ac. Dissolves in cone. H 2 S0 4 with a violet 
oolour (Nietzki a. Gofctig, B. 20, 612). Laurent’s 
n&phtliaso [275°], got by heating nitro- 
naphthalene with zinc dust, or (a)-naphthyl- 
amine with PbO, has been regarded as naphtlia- 


lene-azo-naphthalene, but Witt has lately (£. 
19, 2794) shown it to be an azine G M H I2 N # «. 
(o0)-njlphthazinb (Laurent, A. 109, 384 ; Doer, 

B. 3,291; Alex6e£f, B. 3,868; Schichuzky, B. 5, 
365 ; Klobulowsky, B. 10, 570, 772, 873). 

Naph thalene -p-azo - (a) -naph tho 1 

C, 0 H 7 —N 2 —C, 0 H d OH. Formed by adding di- 
azo-naphthalene chloride to a solution of (a)- 
naphthol in NaOII Aq ; it is ppd. by HOI, 
Crimson powder. Soluble in alkalis forming 
crimson solutions (P. F*. Frankland, C. J. 37, 
752). 

Naphthalene-o-azo-(/3)-naphthol 
C, 0 H 7 —N 2 —C, 0 H„OH. [176°]. Formed by diazo- 
tising (/3)-amido-azo-naphthaleno and lieating 
the diazo- compound with water (Nietzki a. Goll, 
B. 19, 1282). Sublimes in glistening golden 
needles. 

(a)-Naphthalene-(a)-azo-(a)-naphthylamine 

C 10 H 7 -N 2 —C 10 H u .NH 2 . [180*]. Prepared by 
adding KN0 2 (1 mol.) to a dilute solution of (a)- 
naplitiiylamine hydrochloride (2 mol.) and 
making the mixture slightly alkaline with 
Na.,CO s (Perkin a. Church, A. 129, 108 ; Nietzki 
a. Goll, B. 18, 298). Hartley (C. J. 51, 190) has 
mapped the absorption-spectrum. -B'iHCJl.— 
B'HCl.—B'2HC1. B'.,ILSO ( . 

(/3)-Naphthalene-p-azo-(a)-naphthylamine 
C 10 H 7 .N 2 .C IO H„.NII 2 [162°]. Formod by mixing 
aqueous solutions of equal mols. of (0) -diazo¬ 
naphthalene chloride (from (j8)-naphlhylamine) 
and (a)-naphthylaminehydrochloride. Yellowish- 
brown needles with green reflox (from alcohol). 
The base and its salts are far more soluble than 
the (a)-azo-(«)-naphthalcne. H 2 SO| dissolve* 
it with a violet colour (Nietzki a. Gottig, B. 
20 , 012 ). 

(/3)-Naphthalene-azo-(/3)-naphthylamine 

.Nil 

C l0 Jl/ | or C 10 H 7 .N 2 .C IO H u .NII 2 [149*1. 

\N 2 H.C in H 7 

Bcddish-yellow needles. Easily soluble in ben¬ 
zene and acetic acid, insoluble in water. Formed 
by the action of amyl nitrite upon (^-naphthyl- 
amine. The absorption-spectrum has been 
mapped by Hartley (C. J. 51, 191). 

Reactions.— 1. By heating with dilute H 2 S0 4 
(20 p.c.) it is decomposed with evolution of 
nitrogon.—2. On reduction with SnCl 2 it yields 
(/3)-naphthylamino and (l;2)-naphthylenodia- 
mine.—3. Treated with bromine in alcoholic or 
acetic acid solution it is converted into di-bromo- 
(/8)-naphthylamine and a brominated 0-naphthol. 
4. May bo diazotised in the following manner: 
15 grins, of the amidoazonaphtlialone aro finally 
suspended in a mixture of 90 grms. Il 2 SO, and 
90 grms. of water, cooled with ice and slowly 
treated with a concen'rated solution of 5 grms. 
sodium nitrite. The diazo- compound is very 
unstable (Nietzki a. Goll, B. 19, 1281). 

Aeetyl derivative C 20 II,,N s Ac [218°]; 
prisms; easily soluble in benzene, sparingly in 
alcohol and petroleum-spirit. 

Benzoyl derivative C 20 H M N s Bz [177°]? 
silky red needles; easily soluble in benzene, 
sparingly in alcohol and petroleum-spirit (Law- 
son, B. 18, 2422). 

(a)-Naphthalene-azo -peri -naphthylene - dia¬ 
mine Cjoll,—N 2 —C, 0 H 4 (NH 2 ) 2 . Brepared by the 
action of (o)-diazonaphthalene chloride on peri- 
naphthylene-diamine (Stebbins, jun., B. 18, 
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717; <7. N. 41,117; 4. C. /. 1,445). SoL alco¬ 
hol, insol. wator.—B'HCl: si. sol. water, m. sol. 
alcohol with a brown colour; dissolves in strong 
ILjSO, with a blue colour. 

(/8)-Naphthol-azo-naphthalene sulphonic acid 
C, 0 H u (OlI) N,- CJI^OJl. From (0)-naph- 
thol and (a)-diazo-naphtlialene sulphonic acid 
(W. v. Miller, B . 13, 208). 

(a)-Naphthol-p-azo-diphenyl sulphonic acid 
C 10 H u (OH) - N,-C ! ,H v SO :i II. From (a)-naph- 
thol and p-diazo-diphtfnyl sulphonic acid (Car- 
nclley a. Schlevolmann, C. J. 4D, 383).—■NaA': 
dyes wool brown — BaA'„. 

(/3)-Naphthol-p-azo-diphenyl sulphonic acid 
C lo H u (OH)~N., -C,. ; H h .S0 3 II. From (0)-naph- 
thol and p-diazo-diplicnyl sulphonic acid.— 
NaA': bright red pp., si. sol. cold, v. sol. hot, 
water; dyes wool red. — BaA' 2 (Carnclley a. 
Schlevelmann, C. J. 40, 383). 

o-Nitro-benzene-azo-acoto-acetic acid 
CJI.jNO,) N., CH(CO.CHJ.CO,H. [185°]. 
Obtained by saponification of the ethyl-ether 
which is prepared by the action of o-nitro-diazo- 
benzeno chloride on an alkaline solution of 
acoto-acetic ether (Bamberger, B. 17, 2415). 
Glistening brown plates. V. sol. acetic acid and 
hot alcohol, v. si. sol. ether and cold alcohol. On 
heating it evolves CO., and yields o-nitro-ben- 
zene - azo - acetone C tt H 4 (N0 2 ).N 2 .CIL.C0.CH 3 . 
The same decomposition is produced by heating 
with alkalis. 

Salts. — A'NH, X : yellow needles.—A'Ag : 
crystalline pp. - A'.-Cu* : green pp., sol. hot 
water. - A' 2 Bu K : yellow ncedlos.- A' 2 Hg : glis¬ 
tening plates. 

Ethyl ether A'Et [93°], glistening yel- j 
low plates or fine needles, sol. alcohol, ether, 
acetic acid, and hot water. 

o-Nitro-benzene-azo-acetone 
C,H 4 (N0 2 )—N a —CIL.CO.CfI 3 . [124°]. Formed 
by heating o-nitro-benzene-azo-acoto-acetio acid 
to its melting-point, or by boiling the acid or its 
ether with alkalis. 

Preparation. — o-Nitraniline dissolved in 
absolute alcohol is diazotised by passing into 
the well-cooled solution a stream of N 2 O s , the 
product is poured into iced water, the solution 
filtered aiul mixed without cooling with a dilute 
solution of acetacctic ether (1 mol.), and KOlI 
(1 mol.), after mixing the fluid must be acid, it 
is digested at about 40° for 40 hours, tho red pp. 
is then filtered off and purified (Bamberger, B. 
17, 2418). Long silky yellow needles. Easily 
soluble in hot water, alcohol, ether, Ac. 

. o-Nitro-benzene-azo-acetophenone 
[2:1] OJI|(NO s ) ~N . r C\ L.CO.C.H,. [141°]. 
Formed together with o-nitro-benzone-azo-ben- 
zoyl-acetic other, by adding a solution of o-nitro- 
diazo-benzene chloride to an iced alkaline solu¬ 
tion of benzoyl-acetic ether (Bamberger a. Cai¬ 
man, B. 18, 2505). Glistening yellow needles. 
Easily soluble in ordinary solvents. 

m-Nitro-bonzene-azo-aniline 
[3:1] NO r C tt H,.N r CJEI 4 .NII, [1:4]. [c. 210°]. 

From diazotised w-nitraniline hydrochloride and 
* aniline hydrochloride (Mehlola, C. J. 45, 112). 
6 ‘ ■‘jrange fern-like leaflets (from alcohol). Insol. ] 
Jror and dilute acids; forms yellow solutions in 
Xrtr acetonc > benzene (Meldola, C. J. 45, j 
az Q n rcluction it gives m- and n-phenylene- ! 


Hitro-bensene-aso-bcnsene lulphonio acid 

[8:1] C # H 4 (N0 2 )-N 1 -0 4 H 4 S0 t H [1:4], From 
benzene-azo-benzene sulphonio acid by nitratiott 
(Janovsky, M. 3, 605; 8, 60).-KA .— BaA' ~ 
PbA' 2 . 

Nitro-benzene-azo-benzene sulphonic aoid 

[4:1] C 6 U 4 (N0 2 )—N 2 —C b H 4 .SO a H [1:4]. Formed, 
together with the less soluble isomcride just de¬ 
scribed, by heating benzene-azo-bonzene p-sul- 
phonic acid with nitric acid (S.G. 1*41). Leaf¬ 
lets.—KA ' (Janovsky, M. 3, 506; 5, 157; B. 10,. 
I486). Ammonium sulphide reduces it to an. 
amido - benzene - azo - benzeno sulphonic acid 
which is different from that formed from diazo¬ 
tised sulphanilic acid and p-phenylenc-diamine, 
although on complete reduction it gives sul¬ 
phanilic acid and p-phenylene-diamine. 

Di-nitro-benzene-azo-benzene-sulphonic acid 
[3:4:1] C (j H 3 (N0 2 ) 2 —N 2 -C u H 4 .S0 3 H [1:4]. From 
either of the two preceding acids or from benzene- 
azo-benzene sulphonic acid and nitric acid (S.G- 
1*45). Orange leaflets.—KA'.—BaA' 2 : S. 7 at 
08° (Janovsky, M. 3, 507; 5, 157). 

o-Nitro-benzene-azo-benzoyl-acetic acid 
[2:1]C,H 4 (N0 2 ) T N 2 —€H(CO.C ti H i ).CO.,H.[177°] 
Its ethyl-ether is formed, together with o-nitro- 
benzene-azo-acetophenone, by adding a solution, 
of o-nitro-diazo-benzene chloride to an iced 
alkaline solution of benzoyl-acetic ether (Bam¬ 
berger a. Caiman, B. 18, 2505). Long, yellow 
silky needles. SI. sol. alcohol and ether. By 
long hoating at its melting-point it loses CO.. 
giving 0 -nitro-benzene-azo-acetophcnone. 

Oxim C I4 H u ,N 2 (N0 2 )(C0 2 II)N0H [142°] 

orange-yellow needles. 

m - Nitro - benzene - azo - m - chloro -di-methyl- 
aniline [3:1] C,Ji l (N0 2 ).N 2 .C li H 3 Cl.NMo, [1:2:4] 
[150°]. Prepared by adding sodium nitrite (1 
mol.) to a solution of m-nitranilino (1 mol.) and 
?a-ch]oro-di-methyl-anilino (1 mol.) in dilute 
ILS0 4 (Stacdel a Bauer, B. 10,1050). Keddish- 
ycllow plates (from alcohol). 

p-Nitro-benzene-azo-di-methylaniline 
[4:1] NO 2 .C, i II 4 .N..C 0 H,NMo 2 [1:4]. [230°]. The 
hydrochloride is deposited as crystals with steel- 
bluo reflex when aqueous diazo-p-nitro-benzene 
chloride is added to aqueous dimethylaniline 
hydrochloride (Meldota, C. J. 45, 107). 

Properties. — Chocolatc-brown powder, slightly 
soluble in alcohol whence it separates as brown 
needles. Solutions are orange in benzene and 
in glacial acotic acid, orange in cone. H 2 S0 4 , 
red on dilution. Salt.—(B'HCl) 2 PtCl 4 . 

m-Nitro-benzene-p-azo-dimethylaniline 
[3:1] NO...C B II 4 .N 2 .C (i H 4 NMo 2 [1:4]. [150°]. From 
N0 2 .C h II 4 N.,C1 ami C (l H 5 NMo 2 IICl (Meldola, C. J. 
45, 120; Stacdel a. Bauer, B. ID, 1054). Orange 
crystalline powder. Solutions in alcohol, ben¬ 
zeno, acetone, and glacial acetic acid, aro 
yellowish-orange; in cone. H 2 S0 4 pale orange, 
turned red by dilution. After reduction by HC1 
and zinc-dust, Fo 2 C1 8 forms a blue dye. 

m-Nitro-bonzene-azo-(a)-naphthol 
[3:1] C„H 1 (N0 2 )-N a —C 10 1I B OII [1:4]. From m- 
diazo-nitrodjenzene and (o)-naphthol (Stebbins, 
jun., A. C.J. 2, 440). Brown pp., sol. water. 

p-Nitro-benzene-azo-(a)-naphthol 
[4:1] C (j H 4 (N0 2 )—N 2 -C 10 H d On [1:4], From 
p-diazo-nitro-bonzene chloride and an alkalin* 
solution of (a)-naphthol (Meldola, C. J. 47, 6611. 
Dull red powder, melts above 360°. V. si. soL 
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bfling alcohol. HjSO, forma a violet aoliitioD ; 
lot MaOHAq gives a blue colour. 

I m-Nitro-bemene.azo-(i3).iuipbthol 
|:1] 0,H t (NOj)—Nj— C lt H a OH [1:2] or 

Lh,< I [194°]. From wi-dinzo- 

r X.H.C b H 4 (N0 2 ) 

itro-bonzene chloride ami an alkaline solution 
f (/9)-naphthol (Meldola, C. J. 47, 608). Lustrous 
range scales (from toluene). Insol. aqueous 
lkalis; sol. alcoholic KOH. H..SO, gives a 
lagenta red solution. It is not reduced by 
ammonium sulphide. 

p-Nitro-benzene-azo-( 8 )-naphthol 
[4:1] C b II,(N0 2 ) —No—C lo lI u OU (?) [1:2]. [219°]. 
From p-diazo-nitro-"benzcne chloride and sodium 
(0)-naphtliol (Meldola, C. J. 47, GC3). Orange 
needles. Insol. hot NaOHAq. Cone. H 2 SO, 
gives a magenta-red solution. 

w-Nitro-benzene-azo - ( 0 ) -naphthol-disulpho- 
Mo acid [3:l]C B H,(NO,).N 2 .C 10 H 4 .(SO ? n) a (OIl) (?). 
Prepared by acting on di-azo-m-Tiilro-benzene 
pith (0)-naphthol disnlphonic acid in alkaline 

t lolution. V. sol. water; dyes an old gold colour 
jBtebbins, jun., A. C. J. 2 , 446). 

?>i-Nitro-bonzene-(a)-azo-(a)-naphthylamine 
1:1] N0 2 .C e H,—N.,— C 10 H 0 .NIL [1:4]. [203°]. 

rom NO...C Ii tI,N..Cl andC.JI.NlUICl (Meldola, 
C.J. 45, il l). 

Properties. —lied needles. Solutions in al¬ 
cohol, acetone, and benzene, aro orange; in 
acetic acid, red; in cone. It,SO, violet-red turned 
red by dilution. Completely decomposed by 
amnionic sulphide. 

p-Nitro-benzene-azo-(a)-naphthylamine 
[4:1] NO,.C i n,.N,..C 1 )) lI li NH, [1:4]. [252°]. 

From aqueous p-nitro-diazo-benzene chloride 
and alcoholic (a)-naphthylamine hydrochloride 
(Meldola, C. J. 43, 430). Brown needles (from 
benzene). Forms a crimson alcoholic solution. 
(B'HCl) a PtCl,. Salts hardly soluble in alcohol. 

llcactions. —lieduces to p-phenylene-diumine 
and (a,a) naphthylene-diamine. 

m-Nitro-benzene-azo-(0)-naphthylamine 
[3:1] C 0 H,(NO 2 )-N 2 -C lo II a (NH 2 ) or 

NHv 

I >c 10 n fi . 

O fl H,(NO,)-N.,H/ 


(0,H,(N0 a )~N # -0 a H,:N0H) J (?) [fl8°] of 
jh the sodium salt i8 blue. It is re-oxidised by 


acid ; 
which th 

K a FeCy, to p-nitro-benzene-azo-p-nitro-benzene. 

m-Nitro-benzene-azo-m-nitro-benzene 
[3:1] C„H 4 (N0 2 ) —N 2 —C a H, (N0 2 ) [1:3]. A red 
oil, formed in the preparation of the preceding. 
(Janovsky, M. 6 , 455). Ammonium sulphide 
and NaOH give a violet colour. 

o-Nitro-bonzeuc-p-azo-nitro-bcnzene 
I [2:1] C a li,(NO.,) —N 2 —C, 1I,(>’0 S ) [1:4]. [203°]. 
j From nitro - benzene - o - azo - nitro - benzene 
(Janovsky, M. 7,131). Orange la mi me. Alcoholio 
ammonium sulphide mixed with NaOHAq gives a 
permanent blue. 

Nitro-benzcne-azo-nitro-benzene 
C (i ll,(NO.) -N 2 —C„II,(NO.,) [1:4]. [205°]. A 

byproduct in the nitration of benz. ue-azo-ben- 
: zcne-p-sulphonie acid (Janovsky, M. 7, 132). 
j Orange lamina'. Ammonium sulphide and NaOH 
! gives a permanent blue liitrolale. 

I Nitro-benzene-azo-nitro-benzeno 
C (i II,(NO.J—N.> C b 11 ,(N 0„). [180 J. A product 
of nitration of benzene-azo-benzeno (Janovsky, 
M. 7,131). Pale, asbestos-like, needles. Ammo¬ 
nium sulphide and NaOH give a blue nitrolate 
changing to brown. 

Nitro-benzenc-azo-di-nitro-bonzcno 
[4:1] C b II,(NO,,) - N, -C 0 1 L a (NO,,)..[1:2:3or.7orG] 
or [1:3:5]. [112 J J. Formed by nitral ion of benzene- 
azo-bonzeno (PctrielT, Z. [2j 0, 564) or benzene- 
I azo-p-nitro-benzene (Janovsky, M. 7, 125). 

| Yellow needles. Boiling with a mixturo of 


[177°]. 


From 


alcoholic NaOH and aqueous ammonium sul¬ 
phide gives a green colour, changin*' to brown. 

Nitro-br.nzonc-azo-di-nitro-benzenc 
[3:11 C i; H ( (NO..)■—N.- C,U ;i (NO ,) 2 [1:3:1]. [170°]. 
Formed by nitration of benzene- 7 )-azo - nitro¬ 
benzene or m - nitro - benzene - m - azo - nitro- 
benzeno (Janovsky, ilf. 7, 126). Yellow tables. 
Alcoholic ammonium sulphide and aqueous 
NaOH give an olive-green colour, turning brown. 

Nitro - benzene - azo -di- nitro - benzene 
[3:l]C (i H,(NO.) — N 2 —0,11 ,(N 0 2 ) 2 [1:3:2 or 5 or 6 ]. 
[124°]. Formed by nitrating m-nitro-benzene- 
m - azo - nitro - benzene (J.). Yellow prisms. 
Nitrolic reaction : emerald-green changing to 
orange. 

Nitro-benzene-azo-di-nitro-bonzone 


N0 2 .C b H,.N 2 CI and (0)-nnphthylamine. Splendid 
orange needles. Solutions in toluene, chloro¬ 
form, and glacial acetic acid, are orange ; in 
alcohol and in acetone, orange but turned red 
by HOI; in cone. II 2 SO„ violet (Meldola, C. J. 
45,117). 

p-Nitro benzone-azo- (0) -naphthylamino 
[4:1] NO 2 .0 (i H,—N 2 — C, 0 H„NH 2 (?) [1:2]. [180°]. 
From aqueous p-nitro-diazo-benzono chloride 
and aqueous ( 8 )-naphthylamino hydrochloride 
Meldola, C. J. 43, 420). Needles, with golden 
ustre (from alcohol). Its solutions in aloofml, 
aoetone, and chloroform are red, in benzene and 
toluene, orange, in cone. II 2 SO„ violet. Its 
salts are readily soluble in alcohol.— 
(B'HCl)..PtCl,. 

p-Nitro-benzeno-azo-p-nitro-benzeae 
[4:1 J C a H,(NO.) -N,-- C t H,(N0 2 ) [1:4]. Di-nitro- 
azQ-bcnzene. [201. ’J. Formed by nitration of 
benzenc-azo-boti/i no (Laurent a. Gerhardt, A. 
75, 73; Janovsky, .17. 6 , 159; 7, 135; B. 18, 
1134). lied crystals (from glacial IlOAc). Give", 
when reduced by ammonium sulphide, a nitrolic 

Vol. I. 


[4:1] 0 o H,(NO 2 )—N 2 ~- C (i H.,(NO.,)., [1:4: 3or2]., 
[185°]. Formed by nitrating p-nitro-honzene- 
p - azo - nitro - benzene or beuzeno - azo benzone- 
(Janovsky, M. G, 461; B. 18, 1135). Needles. 

Nitro - benzene - a zo - di - nitro - benzene 
[4:1] C,II,(NO.J — N 2 —C,1I.,(N0 2 ) 2 [l:4:2or3J. 
[1G0°J. Formed in the prenaraf ion of the preceding 
substance (Janovsky, M. 6, 402 ; 7, 125; B. 18, 
1134). YeJlow needles (from alcohol). Nitrolic 
reaction: green, turning blue. This body and 
the preceding, both give ( 1 , 2, 4)-tri-amido- 
benzene and p-phenyb uo-diamino on reduction. 

Nitro-benzone-azo-nitro-ethano 
[3:lj(J„H,(NO.) —N..—CH(N0 2 ).CII 3 . Frompotas- 
sinm nitro-cthano and m-diazo-nitro-bcnzcn« 
nitrate (Halimann, 0.9,391). Yollowpowdor. Ite- 
d 1 iced by tin and HCl *0 the tin salt B"H 2 SnCl # 
of an unstable base di-amido-phenyl-ethyl- 
hydrazino C, ; lf,(NfI.) - N 2 3L-C1I(NH 2 ).CH S . 

Nitvo-be‘.ia« no-azo-nitro-phenol 
[3:1 > G. JJ 1 (NO,,i.:'v J .C (i l l. l (N0 2 )(0H)[l:3:l?].[173°], 
Formed hy heating the isomeric di-m-nitro- 
jizoxy - benzene C to H 1 (N0 2 )-N..0—CJI,(NOJ 

C O 
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with strong H 2 SO. for some time to about 140° 
(Klinger a. Pitschke, B. 18, 2552). Yellowish- 
brown crystals. Dissolves in alkalis with an 
orange colour. - A'Ag: red crystalline pp. 

p-Nitro-benzene-azo-o-oxy-benzoic acid 
[4:1] C h H l (N0J-N 2 -C ti H,(C0,H)(0H) [1:3:4]. 
From diazotised p-nitro-aniline and a cooled alka¬ 
line solution of salicylic acid (Meldola, C. J. 
47, 606). Brown needles (from dilute acetic 
acid); sol. alkalis. H.,S0 4 gives an orange solu¬ 
tion. Blackens at 22f>°. 

p-Nitro-benzene-azo-phenol 
[4:1] C, ; II,(N0 2 ) N 2 -C ( 1 H,0H [1:4]. [184°]. 

From diazotised p-nitro-aniline and sodium 
phenol (Meldola, G. J. 47, 658). Golden scales; 
v. si. sol. water; sol. boiling dilute alkalis. 
H 2 S0 4 gives an orange solution. 

m-Nitro-benzene-p-azo-diphenylamine 
[3:1] (N0 2 )0,.H 4 N..—0„U 4 (NH0A) [1:4], 
[137°]. From NO,.C ti Il/N.,Cl and NII(C, i H i ),. (Mel¬ 
dola, G. J. 45, 118). Reddish-brown scales 
(from dilute alcohol). Solutions in alcohol, ace¬ 
tone, glacial acetic acid, and benzene are orange. 
On adding HC1 to the alcoholic solution the 
liquid turns crimson, and, if concentrated, a 
brown gelatinous hydrochloride is ppd. Cone. 
H 2 S0 4 forms a violet solution. After reduction 
by Zn and 1101, Fo 2 Cl a forms a blue dye. Its 
salts are unstable. 

Nitroso derivative [128°]. 
p-Nitro-benzene-azo-di-phenylamine 
[4:l](NO,)C a I-I 4 —N,-- C,H 4 (NH.C li H,)[l:4] [151°]. 
From aqueous diazotised p-nitranilino an< ^ 
alcoholic diphonylamine. The pp. is treated 
with ammonium carbonate, and the base crystal¬ 
lised from diluto alcohol (Meldola, C. J. 43, 410). 
Brown leaflets. Solutions are orange in 
alcohol, turned violet by IJC1; violet in cone. 
H 2 S0 4 . The hydrochlorido forms needles, with 
violet roflex, but is very unstable. 

p-Nitro-benzene-azo-resorcin 
[4:1] 0 # II 4 (NO.,) -N 2 -C„II,(0H), [1:2:4]. From 
p-diazo-nitro-bonzene nitrate and resorcin in 
alkaline solution (Meldola, G. J. 47, 660). Brick- 
red crystalline powder; KOHAq forms a violet, 
H 2 SO, an orange, solution. 

p-Nitro-benzene-azo-w-xylidine 
[4:1] (NO..).C 6 H 4 —N 2 —G ( jH !£ Me..(NR,) [1:3:5:2]. 
[141°]. From aqueous p-nitro-diazo-benzeno 
chlorido and alcoholic m-xylidino hydrochloride 
(Meldola, C> J. 43, 428). There results a bulky 
reddish pp. of N0 2 .C tt II 4 .N,.NHC„H 3 Me 2 which, 
on standing, changes to the scarlet hydrochlorido 
of the azo- compound. 

Properties. —Brick-fed needles (from diluto 
alcohol). Forms orange solutions in alcohol, 
acetone, benzeno, chloroform, and cone. H..S0 4 . 

Salts.—The chlorido, sulphate, and nitrate 
form red needles with violet reflex, insoluble in 
alcohol.—(B'HCl) 2 PtCl 4 . 

Nitro-carboxy-benzene-azo-nitro-benzoicaoid 
N 2 (C H II 3 (N(> 2 ).C0 2 HU?). Formed by nitrating 
earboxy-konzcne-azo-ocnzoic acid (Golubeff, J. It. 
6 , 197). • - Na 2 A". — K 2 A" 3aq. — Ba A".— Et 2 A": 
[104°]. 

Di-nitro-oxy-amido-benzene-azo-xylene 

C h H(N0 2 ) 2 (NU 2 )(OII)—N 2 —C # n 3 Me 2 . From 

diazo-xylono chlorido and di-nitro-amido-pbenol 
in alkaline solution (Stebbina, jun., A. C. J. 
2 , 236). Brown powder, si. sol. cold water. 


Nitro-oxy-benzene-aio-beniene snlphonlo 

acid[3:4:l]C 8 H s (N0 2 )(0H)—N 2 —0 d H,.S0 8 H[l:4]. 
From diazotised sulphanilio aoid and o-nitro- 
phonol (Griess, B. 11, 2195; R. Meyer a. Kreis, 
B. 16, 1331). 

Nitro - oxy - benzene - azo - naphthalene 
sulphonicacid C„H 3 (N0 2 )(0H) O 10 H,.SO,H. 

From diazotised (a)-naphthylamine sulphonio 
acid and o-nitro-phenol (Stebbins, jun., A. C. J. 
2, 236). Red needles, v. sol. water. 

Di-nitro-oxy-bonzene-azo-napthylamine sal- 
phonic acid 0 li H,(NO..) 2 (OH).N,.C 1 „II- 1 (NHJ.SO 8 H. 
From diazo-di-nitro-phenol and (a)-naphthyl- 
amino sulphonic acid (Stebbins, jun., A. C. J. 
2, 440). Reddish-brown dye; sol. water. 
Nitro-oxy-benzene-azo-nitro-plienol. 

Ethyl ether 

[2:x:ljO ( ,H 3 (OEt)(N0 3 ).N,.C tf H a (OEt)(NO a )[l:2«]. 
[190°]. Formed by nitrating o-oxy-benzene-o- 
azo-phenol ethyl ether, and separated from the 
isomeric compound by alcohol, in which it dis¬ 
solves (Andreao, J. pr . [2] 21, 322). Needles 
(from alcohol). 

Nitro-oxy-benzene-azo-nitro-phenol. 

Ethyl ether 

[2:.t*:ljC,;H 3 (OEt)(NO..).N 2 .C u H 3 (OEt)(N0 2 )[l:2:a>]. 

[235°]. Formed together with thopreceding (q. v.). 
Brownish-red crystals (from chloroform). Insol. 
alcohol. Dissolves without chango in cone. 
H 2 SO,. Reduced by alcoholic ammonium sulphide 
to the di-cthyl ether of dinitro-dioxy-di-phenyl- 
hydrazine. 

Di-nitro-oxy-benzene-azo-phenol sulphonic 
acid C s H 2 (N0 2 ) 2 (0H)—Njj - C (i H ;i (0II).S0 3 H. 
From diazotised di-nitro-amido-phenol and an 
alkaline solution of phenol o-sulphonie acid 
(Stebbins, jun., A. C. J. 2, 236; G. N. 42, 44). 
Brown lustrous needles, si. sol. hot water. 

Nitro-diphenyl-azo-nitro-diphenyl (?) 

[4:1] C„H 4 (N0 2 ).C B H,—No C, 1 1I 4 .C i; II,(N 0 2 ) [1:4]. 
[187°]. From p-dinitro-diphenyl and sodium 
amalgam (Wald, B. 10, 137). Yellow powder 
(from alcohol). 

w-Nitro-toluene-azo-aceto-acetic acid 
[4:2:1] 0,11,(011.,)(NO.) - N 2 -CH(C0.C1I,).C0 2 H 
[176°]. Obtained by saponification of tlie ethyl- 
ether formed by the action of nitro-diazo- 
tolueno chlorido (from nitro-p-toluidine [114°]) 
on an alkalino solution of acoto-acotic ether 
(Bamberger, B. 17, 2121). Long yellow silky 
needles. Y. sol. hot alcohol and HO Ac.—A' 2 Ba. 

w-Nitro-toluene-azo-acetone 
[4:2:l]C„H 3 (CH 3 )(NO.,)—N 2 —CIT 2 .CO.CH 3 .[134 0 ]. 
Formed by the action of a dilute solution of 
acoto-acetic ether (1 mol.) and KOII (1 mol.) 
on a solution of nitro-diazo-tolueno nitrate (from 
nitro-p-toluidine [114°]) (Bamberger, B. 17,2421). 
Orange-red prisms. V. sol. alcohol and ether. 

w-Nitro-toluene-azo-acetophenone 
[4:5:l]C 6 n :l (CH 3 )(NO.j)—N 2 —CH..,.CO.C„H v 
[168°]. Glistening yellow needles. Formed, 
together with nitro-toluone-azo-bcnzoyl-aoetio 
ether, by adding a solution of nitro-diazo- 
toluene chloride (from-?;:.-nitro-p-toluidine 
[114°]) to*an iced alkaline solution of benzoyl- 
acetic ether. 

Ketoxim 0 1S H I3 N 2 (N0,.):N0H:[174°]; orange 
needles (Bamberger a. Caiman, B. 18, 2566). 

?^-Nitro-p-toluene-azo-benzoyl-acetic acid 
[4:2:1] C,II 3 (CH 3 )(N0,.).N 2 .CH(C0.C 6 H 3 ).C0 2 H. 
[194°]. Its ethyl-ether is formed, together with 
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m-nuro-p-toruene-azo-acetophenone, by adding a 
solution of w-nitro-p-diazo-toluene chloride to 
an iced alkaline solution of bonzoyl-acetio ether 
(Bamberger a. Caiman, B. 18, 25(58). Silky 
yellow needles. V. si. sol. cold alcohol and 
acetic acid, more easily at tho boiling-point. 

p-Oxy-benzene-azo-benzene-m-sulphonic acid 
[4:1] C„n,(OH) -N 2 -C, ; II,.S() ;i H [1:3J. From 
diazotised amido-benzene w-sulphonic acid and 
an alkaline solution of phenol. Leaflets, with 
violet reflex; insol. other, v. sol. water and 
alcohol. -KA': long needles (Griess, H. 11,2191). 

p-Oxy-benzene-azo-benzene-p-sulphonic acid 
[4:1 J C # iI,(HS0 3 )--N 2 -C,.II 4 (0H) [1:4]. Tro- 
paolint j Y. Prepared by the action of an aqueous 
alkaline solution of phenol on p-diazobenzene 
sulphonic acid (Griess, B. 11, 2192). Yellowish 
red prisms. V. sol. water and alcohol. 

Salts. — Bn A." : orange pp.—BaA'. 2aq. — 
BaA 1 5aq: minute orange tables, si. sol. water. 
—KA': yellow rhombic leaflets, S. *2(5 at 15 1 
(Wilsing, A. 215, 232). 

p-Oxy- benzene -azo- benzene sulphonic acid 
[4:1 J C,41,(011) N 2 - C„II 4 .S0jH. From azoxy- 
benzeno (1 pt.) anil fuming II.,SO, (5 pts.) at 
110° (I jimprieht, B. 15,1295; Wilsing, A. 215, 
229); Tsehirwinsky (J. Ii. 5, 217) considers this 
acid to be identical with the preceding. Small 
lustrous reddish plates, v. sol. water, in. sol. 
diluto acids or alcohol. Br does not act on the 
potassium salt. SnCl 2 forms no aniline by re¬ 
duction. Salts.—KA'aq: S.*85at 15°. -BaA' r — 
AgA .—MgA'» (iaq. — Cu A ' 2 Gaq. 

Chloride . [122°]. Orange 6 - or 8 -sided 
plates. 

Amide. [212°]. Plates. 

Di-oxy-benzene-azo-benzene sulphonic acid 
[1:2:1] CjyOli),-N 2 —C e H 4 .SO ;1 H [1:4]. Tro - 
paolin 0. Chryso'ine. Formed by sulphonating 
benzone-azo-resorciu at 100° (Witt, C. J. 35, 
183) or from diazotised araido-benzeno p-sul- 
phonic acid and resorcin dissolved in KOHAq 
(Griess, B. 11, 2195). Bed leaflets with steel- 
blue reflex; v. si. sol. alcohol and cold water. - 
KA'.—BaAUaq. 

The absorption-spectrum has been examined 
by Hartley (C. J. 51, 182). 

Di - oxy - benzene - azo - beuzone m - sulphonic 
acid [4:2:1] C e H a (OH) 2 ~N,—C«H 4 .SO :j !i [1:3]. 
From resorcin and diazotised amido-bonzene 
wt-sulphonic acid. Orange needles.—KA': hy¬ 
groscopic needles. 

Tri-oxy-benzone-azo-bonzeno sulphonic acid 

[2:4:6:1] C^OH^-N,- C 8 II,.S0 3 H [1:4]. From 
diazotised amido-bonzene p-sulphonic acid and 
an alkaline solution of phloroglucin (Stebbins, 
C.N. 42, 44; A. C. J. 1, 465; 2, 236; B. 13, 
716). Yellow leaflets with green lustre. — NaA': 
yellow leaflets, easily soluble in water. • 

p-Oxy-benzene-w-azo-benzoic acid 
[4:1] C„II,(OH)-N 2 ~C (t H 1 .CO..H [1:3]. [220°]. 

Formation. —1. From ro-diazo-benzoic acid 
and phenol (Griess, B. 14, 2032). —2. By gently 
wanning in- carboxy-diazo-bcnzene-m-carboxy- 
anilido C 6 H,(CO,H).N.,.NH.C ( 1 H,(CO..H) witli 
phenol, w-amido-benzoic acid being eliminated 
(Hcumann a. Oeconomides, B. 20, 906). Red 
needles or plates; sol. alcohol and ether, si. sol. 
water. Dyes wool and silk yellow.—BaA ' 2 3£aq. 

Di-oxy-benzene-ra-azo-benzoic acid 
[4:2:1] C,H,(OH) a —N.-C u H 4 .C0 2 H [1:3]. Pre¬ 


pared by the action of m-diazobenzoio acid on an 
alkaline solution of resorcin (Griess, 71.14,2034). 
Brownish-red needles or brownish-yellow platea. 
Sol. alcohol. Dyes wool and silk yellow. 

Oxy-benzene-azo-p-cresol. Ethyl ether 
[4:1] 0„H,(OEt)—N 2 —C tf II J (CH 1 )(OH) [1:5:2] 

yO 

orCJI a M< ( . [104°]. Formed 

\N,H.C„n 3 Mo[OEt) 

by combining p-diazo 4 phenetol with p-oresol 
(Liebermann a. Kostanecki, B. 17,883). Golden 
plates. Sol. alkalis. Dissolves in 1J 2 S0 4 with a 
brown colour. On reduction it gives 2 >-amido- 
phenctol and amido-p-cresol. 

o-Oxy-benzene-azo-o-cresol. Methyl ether 
C ;! H,(OMe) - H,Me(OIl). [68°*]. From 

diazotised o-anisidino ando-cre.sol (Kunnnnikoff, 
J. It. 1885, 369). Di-methyl ether [103°]. 

o - Oxy - benzene - azo - m - cresol. Methyl 

ether. [161°]. Prepared like the preceding (K.). 

Di-oxy-benzene-azo-»|/-cumene 
[4:2: l]CJI s (OII) 2 —N 2 -C 0 H 2 Me s [199°]. Formed, 
together with tho disazo-compound, by com¬ 
bining diazo - cumeno chloride (from amido- 
psmido-cumeno [62 3 J) with resorcin (Liebermann 
a. Kostanecki, B. 17,131,882). Small red needles. 
Dissolves in alkalis with a brownish-yellow 
colour. 


Di - oxy - bonzene - azo - hydroquinone 

[5:2:1] C tt H a (OII)..-N 2 -C li H 3 (OII ) 2 [1:2:5]. Azo- 
hydr(n[uinoHc. TcAr a-methyl derivative 
O rt II 3 (OMe),.N 2 .C (i H 3 (OMe) 2 . [140”]. Formed by 
reduction of nitro-di-methyl-hydroquinono in 
alkaline solution (Baessler, B. 17, 2L24; C. C. 
1886, 671). Red needles. V. sol. alcohol, ben¬ 
zene, chloroform, and CS : , v. si. sol. water. 
Dissolves in strong 1IC1 with a blue colour. 

Tetra-cthyl derivative [128°]. From 
mtro-di-cthyl-hydroquinone, powdered zino, and 
alcoholic potash (Nietzki, B. 12, 39). 

Di-oxy-benzeno-azo-naphthalone sulphonic 
acid [4:2:1] C ( .H 3 (On) 2 --N 2 -C 10 lI li .SO 3 H [1:4]. 
From diazotised (a)-naphthylamino sulplionio 
acid and an alkaline solution of resorcin (Steb¬ 
bins, jun., A. C. J. 2, 36 ; C. N. 42, 44). Dark- 
brown needles, sol. water. 

p-Oxy-benzene-azo-(a)naphthylamine 
[4:1] O 0 H,(OII) —N..'—G, 0 II u .Ni.I 2 [1:4]. [170°]. 

Prepared by the action of p-diazophonol nitrate 
on (a)-naphthylamino (Weselsky a. Benedikt, B, 
12, 229). Orange needles (containing 3aq).— 
B' 2 H 2 S0 4 6aq: green needles, insol. water. 
o-Oxy-benzene-azo-(/3)-naphthylamine 
.Nil 

[2:1] C u H,(OII).N,G 10 II s or C 10 II| 

\N,n.C 8 H 4 OH. 

o-Oxy-benzene-hydrazimido-naphthalene. [193°]. 
Formed by combining o-diazo-phcnol with (0)- 
naphthylaminc. Slender red needles (from alco¬ 
hol or acetic acid), or dark red plates (from 
benzene). It dissolves in aqueous or alcoholio 
NaOII, but is insoluble in water. By heating 
at 150° with HC1 it is split up into (0)-naph- 
thylamine.pyrocatechin, and nitrogen. Bromine 
in cold acetic acid solution gives di-bromo-( 0 )» 
naplithylamine, a brorainated pyrooatechin, and 
nitrogen. On reduction with zinc dust and 
acetic acid it yields (l: 2 )-naphthylene-diamine. 
Acetyl derivative [ 198°]. 

Benzoyl derivative [183°]. 

o c 2 
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Methyl ether C a H,(OMe).N,0 IO H i [138^; 
dark-red monoclinio prisms; insoluble in water 
(Sachs, B. 18, 3125). 

p-Oxy- benzene-azo- (/9) -naphthylamine 
>NH 

[4:1] C (i n 4 (On).N. J C 10 H s or c 10 n,< I 

'•N,H.C U H ,OH. 

p-Oxy-benzene-hydrazimido-naphthalene,. [103°]. 
Formed by combining p-diazo-phenol with (jfij- 
naphthylamine. Flat red prisms. V. sol. benzene 
and acetic acid, insol. water. By heating at 
160 J with JIC1 it is split up into (/^-naphthyl- 
amine, hydroquinone, and nitrogen. Bromine 
in cold acetic acid solution gives di-bromo-(/3)- 
napththylamino, a brominated hydroquinone, 
and nitrogen. On reduction with zinc dust and 
acetic acid it yields (l: 2 )-naphthylenc-diamine 
(Sachs, B. 18, 3125). 

Mono-acetyl derivative [218°]. 

Mono-bfinzoyIdcrivativa [ 21 - 1 °]. 
Oxy-bcnzone-azo-orcin. Methyl ether 
C ( ,H I (OMe).N,.r.H,«Hn,Me. Hair-like needles 
(Stobhins, A. C. J. 5, 32). 

o-Oxy-bcuzenc-o-azo phenol 
[2:1 J Cjr.foll) N, 0,.11,(011) [1:2]. o-Azo - 
•phenol. [171°]. S. (alcohol) *3 at 20°. Prepared 
by fusing o-nitro-pbeuol with KOII (Weselsky 
a. Benedikt, B. 11, 398; A. 19G, 311). Golden 
leaflets; may bn sublimed. In sol. water. 

I lead ions. -1. Bromine, added to an ethereal 
solution forms a tetra-bromo-derivative. 2 . 
Chlorine passed into an acetic aeid solution 
forms a tri-eliluro derivative C,„ir.,Cl s (OFI) i .N., 
[235°] (Bohn a. Honm^nn, B. 17, 275).—3. 
Nitric acid forms (1, 2, l)-di-nitro-phenol 
Ethyl ether }(Ut.(OFri)Jfl:U°l. 
o-Nitro-piieiiy!-<■ t !*y 1 ether C,IT,(0Kt)(N0,) 
is dissolved in alcohol and reduced with sodium- 
amalgam (5 per cent.), the liquid being allowed 
to become hot. The product is poured into 
water, and the pp. extracted bystrong JIG! which 
dissolves the nzo- compound. On pouring tlm 
IIC1 solution into wafer, o :i '.o-plioneto1 is thrown 
down (It. Schmitt a. Mehlan, J. pr. 326, 202). 
Properties. — Long rod prisms (from alcohol). 
Melts underwater.hut insoluble therein and not 
volatile with steam. It begins to boil at 210 ', but 
Buffers decomposition nt the same time. Re¬ 
actions.— 1. Reduced by alcoholic ammonium 
sulphide to the corresponding hydrazo-componnd 
(q. v.). 2. Cold fuming UNO, forms a nitro-, 
and a di-nitro-, derivative. 

?a-Oxy-benzene-?n-azo-phenol Ethyl ether 
/3:1] C„H,(Oi:i,)—N, — C„H,(OEt) [1:3]. m-Azo- 
phene tot. [91°]. Forniqd by reducing w-nitro* 
phcnctol in alcoholic solution with sodium 
amalgam (M. Buchstab, J. pr. [2] 20, 200). 

Properties. - Orange prisms (from alcohol). 
Sol. ether. Insol. water and (difference from o- 
compound) in cone. HC1. Reduced by H„S and 
alcoholic ammonia to w-hydrazo-phcnetol. 

p-Oxv benzenc-;>-azo-phenol 
[4:1] CJ 1,(011) NV- 0.11,(033) [1:4]. p-Azo- 
phenol. [204 - ]. 

Formation. -1. By potash-fusion from p- 
nifcroso-phcnot (Jaeger, B. 8 , 1400), p-nilro- 
phenol (Weselsky a. Benedikt, A. 100, 330), p- 
oxy-benzenc-azo-ben zone p-sulphouic acid, or ;?- 
suipho-beu/cne-azo benzene p'sulphonic acid 

S Bohn a. Il.-nmann,./?. 15, 3037).—2. From p- 
ittid-phonol nitrate and phenol potassium. 


Properties. —Slender brown needles with 
blue reflex (containing aq); b1. sol. water, v. 
sol. alcohol. Bromine gives a tetra-bromo 
derivative. Nitric acid (1, 2, 4) -di-nitro -phenol. 
Chlorine gives tri-chloro-phenol. 

Salt.—BaC 12 H„N.,0 2 4aq. 

Ethyl ether C,;H 4 (OEt)-N 2 -C„H 4 (OEt). 
p-Azo-plicnetol [100°] (S. a. M.); [158°J (A.). 
Formed by adding sodium-amalgam (5 p.c.) to 
an alcoholic solution of p-nitro-phcnyl-cthyl 
ether, precipitating the product with water, boil¬ 
ing it with dilute HC1 to remove amido-phenyl- 
cthyl-ether, and crystallising from alcohol 
(Schmitt a. Mohlau, J. pr. 120, 10 !); Hepp, B. 
10,1052; Andreae, J.pr. 120,333). Properties. — 
Glittering golden plates. M. sol. cold alcohol, v. 
sol. ether and chloroform. Distils with difficulty. 
Reactions.—1. Fuming UNO, forms the ethyl 
ether of di-nitro-phenol (q. v.) and two isomeric 
fri nitro-azoxy-phcnol etliyl others.—2. HClAq 
at 130°gives MtCI andp-azo-pheuol N,(C,.H 4 OII) 2f 
but at 150° ehloro-p-amido-phenol is got 
(,Schmitt, J. pr. [2J 30, 313). 

p-Oxy-benzene-azo-diphenyl sulphonic acid 
[-1:1] C ri H,(OiI) -N 2 -C b II 4 .C,II,.SO ;) H. From 
diazolised p-amido-diphenyl sulphonic acid and 
phenol (Carnollcy a. Sehlevelmann, C. J. 49, 
380). Yellow dye.—BaA 2 : insol. cold water. 

m - Di - oxy -benzene-azo-diphenyl sulphonic 
acid [4:2:1] C i; n a (()JT ) 2 -N, -0 6 H,.C.II 1 .S0,H. 
From diazolised p-amido-diphenyl sulphonic 
acid and resorcin (Camelley a. Sehlevelmann, 
C. J. 49, 382).-NaA'. -BaA',. 

7 )-Di-oxy-benzene-azo-(liphenyl sulphonic acid 
[5:2:1]. C 1 H :i (()II) ,N,.n,,H 1 .C ( 1 H 1 .SO,II. . From 

diazolisedp-amido-diphenyl sulphonic acid and 
hydroquinone (Carnelley a. Sehlevelmann, C. J. 
40, 382). 

p-Oxy-honzenc-azo-phloroglucin 
CJI^OJf) — N,- C.,1 r,(011) ;! . Two modifications 
appear to be "formed by tiio action of p-diazo- 
phcnol nitrate on plilorogluein (Weselsky a. 
Benedikt, 12, 227). («) Bed crystalline pow¬ 
der (containing 3aq), sol. alcohol. (/3) Green 
amorphous mass, insol. alcohol. 

p-Oxy-benzcne-azo-resorcin. Ethyl - ether 
[4:1] CJT^OMt)—N 2 —-Cgll^OII), [1:2:4], [167°]. 
Formed by the action of p-diazo-phenetol on 
resorcin (Liebcrnuinn a. Kostanecki, B. 17, 883). 
Bed plates. Sol. alkalis. Dissolves in H.SO, 
with a brownish-red colour. 

Dioxy-benzene-azo-resorcin 
[2:G:1] C (J 1I 3 (011) 2 -N 3 -C 6 H,(OH),[1:2:4]. Tctra- 
oxy-azo-benzene. 

Di-ethyl ether C rt H ;K OEt) 2 .N,.C a H s (OH) 1 . 
[182 ’]. Formed by combination of the di-ethyl 
ether of o-diazo-resorcinC u lI.,(OEt),N,OH [6:2:1] 
with resorcin. Light reddish-yellow needles. 
V. sob alcohol and ether, insol. water. Dis¬ 
solves in cone, alkali with a reddish yellow 
colour, which becomes a splendid carmine-red 
on dilution (Pukall, B. 20,1151). 

Di-oxy-benzene-azo-resorcin 
[2:1:1] C,.U 3 (Oll) 2 .N 2 .C 6 II 3 (OJI), [1:1:2J. Tetra- 
vxyxizo-henrene. 

Dl-eth yl ether 

C.H 3 (OH),. [103 ]. Formed 

by combination of the di-cthyl ether of p-diazo- 
resorcin C fi lI a (0Et),.N 2 0H (4:2:1] with resorcin. 
Small brown ncedlos or short prisms with green 
reflex. Y. sol. alcohol, ether, and aqueous 
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alkalis, insol. water. Carmine-rod dyestuff 
(Pukall, B. 20, 1144). 

Oxy-benzene-azo-resorcin-di-sulphonic acid 

Mono-methyl ether 

O a H,(OMe).N,.C u H(OH).,(SO s H) 2 . Yellow plates j 
(Stcbbins, A. C. J. 5, 55).—BaA''aq: needles. 

^-Oxy-benzenc-p-azo-tolueno 
[4:1] C rt H^lo-N.-C 1 .H l (OII) [1:4]. [151°]. 

Formed by gently warming />-diazo-tolucno-p- 
toluide with phenol, p-toluidine being split off 
(Ileumann a. (Feonomkb'S, l). 20, 905), or by 
warming p-nitroso-toluene with n-tolwidino ace¬ 
tate (Kimich, B. 8 , 1030). Orange prisms, with 
blue reflex. 

w-Di-oxy-bcnzone-o-azo-toluene 

[2:1] C,II,(CK,) X..C„H,(OU)., [1:2:4]. [195°]. 

(W.); [178°j (l-’.). Formed by the act ion ofo-diazo- 
toluoneon resorcin. Brownish-red felted needles. 


C a H I (OMe)(OO t H)-N r O. 0 H a (OH)(SO l H).From 
diazo-anigio acid and ( 3 )-naphthol sulplienio 
acid. Brown needles. Dyes wool scarlet. 
BaA" 2 8 aq (Griess, B. 14, 2030). 

Oxy-carboxy-benzene-azo-(/3)-naphthol-(a)-di. 
sulphonic acid Methyl derivative 
C„ 14 ;t (O Me) [ C O. T f) - - N,—C.,,11 ,(OI i)(SO,lI), M Pro- 
pared by the action of diazo anisic acid on an 
alkaline solution of ($)-naphtLol-(a)-di-sii]phonio 
acid (Griess, B. It, 2010). Small dark-red 
needles (containing 3aq). Sol. wuler, and 
alcohol, insol. ether. Dyes a blueish shade of 
scarlet. A'" 11 lv„ Oaq : red crystals, sol. hot water. 
Oxy-carboxy-bcnzeno-azo-oxy-bouzoic acid 
.1) i- tne t it it l dr r ir a t i ve 
^ c„H :; (OMei(CO,n)- x. <’..ir s (oMe)(coii). 
Formed by the action of sodium-amalgam on an 
alkaline solution of nitro-auisic acid. Insol. 


Acetyl dc.rivu live (75°J. Oran go-yellow 
plates (Wallach, B. 15, 2825 ; cf. Fischer, B. 20, 
1579). 

w-Di-oxy-bcnzene-p-azo-toluene 
[4:1] CJT^CU;,)—N 2 -' C, 11,(011 ) 2 [1:2:4] fl«rj. 
Prepared by tlie action of p-diazo-lolueno on 
resorcin, or by gently warming /Mliazo-toluene- 
p-toluido with resorcin, p-toluidino being split 
off (Ileumann a. Occonomides, B. 20, 900). 
Reddish -yellow needles: sol. alcohol, ether, and 
aqueous alkalis. Acetyl dcrivat ive ;9iTJ. 

Oxy-beuzene-azo-toluidine 


wa ter. Ba A " aq (A lex«■ j off, C. Ji. 55, 172). 

Dioxy- carboxy - methyl-pktbalide-azo-clioxy- 
phthalido-acetic acid 

Tctra-mcthyl dcrivativcC.^} ...N-jO,, i.e. 

y/ CM.CJJ...CO. U 

A::o-me.eonic-acctic acid. [c. 257°]. Obtained 
by reduction of nitro-di-melhoxy-phthalide- 

: aectio acid C.lI(OMaySOXcn/cif CO H 
I with zinc-dust..and aqueous Nil,. Yellowcrystala. 


[5:2:1] CJI^GII^XIL)—X 2 —CJI,OII [1:4J. Insol. water. Dissolves in cone. ILSO, with a 
fl72 D J. Formed by saponilication of the acetyl deep hlueish-violet colour (Kleeman, Ii. 20, 880). 


derivative. Slender brown needles. Sol. alcohol 
and ether, v. si. sol. cold water. Dissolves in 
aqueous acids and alkalis. 

Ac.elul derivative 

C (i ll .iClTJtXIIAo) - X 2 —C.II.OH. [253°]. 
Prepared by diazotising the mono-acetyl deri¬ 
vative of (l:2:4)-tolylene-diamine and combining 
it with phenol (Wallach, B. 15, 282l>). Yellow . 
plates. Sol. acetic acid and in aqueous alkalis, i 
el. boI. alcohol. 

Di-oxy-benzene-azo-xylene (Wallach, B. 
15, 25). Formed by adding diazo-xylenechlorido 
to an alkaline solution of resorcin. 

Di-oxy-benzenc-azo-xylene sulphonic acid 
[4:2:l]C u H 3 (OII) 2 -N 2 —C, i II 2 Me 2 S0 3 II. Prepared 
by the action of an alkaline solution of resorcin 
upon diazo-xyleno sulphonic acid. Slender • 
orange needles, si. sol. hot water; in. sol. alcohol 
(Griess, B. 11, 2197). 

Oxy-carboxy-benzene-azo-naphthalene 
O 10 H—N 2 -C ti n 3 (OIl)(CO.,H) [1:1:3], From 
naphthylamine hydrochloride (9 g.), 1IC1, water 
(500g.), and NaN0 2 (3-45g.) at 0", the filtrate 
being poured into a solution of salicylic acid ; 
(6*9g.) and NaOIl (0g.) in water (500 g.). The: 
liquid is tiltered arid tho sodium salt ppd. by j 
NaCl (P. F. Frank land, C. J. 37, 747). Halt.— 
NaA'. 8 . *07 (cold). Dyes silk pale yellow. ' 
Reduced by Rn and 3IC1 to naphthylamine and 
amido-salicylic acid, C B Uj(NII,)(01ljC0 2 If. 

Oxy-carboxy-benzene-azo-(^)-naphthol 

Mono-methyl derivative 
C 6 H s (OMc)(CO,li)—X 2 -C io H,(OII). Prepared 
by the action of diazo-anisic acid on an alkaline 
solution of (/3)-naphthol (Griess, B. 14, 2039). 
Small red needles or plates (containing l|aq). 
SI. sol. alcohol. A'.Ba 4aq : rod minute needles. 

Oxy-carboxy-benzcne-azo-(/3) naphthol sal- 
phonic acid. Methyl derivative 


Tri - oxy - carboxy - tolueno - azo-tri oxy-toluio 
acid. Anhydride of tiie tctra-mcthyl 
derivative. 

(«:5) (1) ( 4 ) fi) (6:5) (1) 

<yr. curt- i a i »Mevco,^). 

( 3 ) ( 3 ) 

[c. 245]. Formed hv reduction of nit reso-opianio 
acid C i; TI(OMn) 2 (NO)(Cl IO)(C0..11) with zinc- 
dust and aqueous Xll ;t . Dissolves in alkalis 
with a yellow colour, in cone. ILSO, with an 
intense purple colour. — AgA': microscopic 
needles (from hot water).—Kt A': [101°], yellow 
needles, v. sol. alcohol, ether, and benzene 
(Kleomann, B. 20, 878). 

(/3)-Oxy-naphthalene-azo-hippuric acid 
CO.II.CIL.NII.CO.CJI, X 2 - OJIJOII). Pre¬ 
pared by the action of diazo-hippuric acid on 
an alkaline solution of ( 0 )-naphthol (Griess, B. 
J4, 2010). Reddish-yellow needles. Si. sol 
alcohol, v. si. sol. water and ether. 

(a)-Oxy-(a)-naphthalene-(a)-azo-naphthalene- 
(a)-sulphonic acid 

[4:1] C 10 1I b (OH) - N 2 --n i( 1 H fl .SO s II [1:4]. From 
diazotised (a)-imphthylumine sulphonic acid and 
(«)-naphthol. Tin* at orption-spectrum has been 
examined by Hartley (C. J. 51, 198). 

(0) - Oxy - naphtha 1 one - azo-naphthalene snl- 
phonic acid C I 0 1I S (OH) - N 2 -C, 0 Tf„HO 3 II. From 
diazotised (a)-naphthylaminc sulphonic acid and 
(/3)*naphthol (Caro; Griess, B. 11, 2199). Red¬ 
dish-brown needles (from alcohol). Red dye.— 
JiaA',. The absorption-spectrum has been 
examined by Hartley (C. J. 51,197). 

Oxy - propyl - carboxy - benzeno - azo - oxy. 
propyl-benzoic acid 

CO,II.C,Hj(C(OH )U.-,)-y a -0,TT,(CfOn)Me,)00 1 H. # 
Formed by reduction of nitro-oxy-propyl-benzoio 
acid with sodium - amalgam and water fWid- 
mann, B. 15, 2550). Yellow plates. V. si. sol. 
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most ordinary solvents, si. sol. aoetio acid.— 
Na^k" lOaq : thin red reotangular tables. 

Oxy-»ulpho-benzene-azo-benzoio add 

[3:1] C s Hj(COjH)—N j—C,H,(OH)(HSOj) [1:4:3]. 
Prepared by the action of in-diazobenzoio acid 
on an alkaline solution of phcnol-o-sulphonio 
aoid (Griess, B. 14,2033). Brownish-red crystals 
(containing 4aq). Sol. water, alcohol and other. 
Yellow dye. Halts.—A"HKaq: yellow plates 
or needles, si. sol. cold water.—i: small 
yellow needles or plates.'—A"Ba aq: yellow crys¬ 
talline pp. 

Oxy. sulpho -benzene -azo- naphthalene sul- 
phonic acid C„H,(OH)(SO,H)~N 2 -C 10 II,,SO a H. 
From diazotised (a)-naphthylamine sulphonic 
acid and phenol sulphonic acid (Htebbins, A.G.J. 
2, 440). 

Oxy-toluene-azo-toluene sulphonic acid 

£4:2:1] O.H 1 (C'lT,)(S0.1I)-N.-O.H,(OI[ J )f011) [1:5:!]. 
Formed by the action of yj-diazo-toluene sulphonic 
aoid (by diazotising p-toluidiiie sulphonic acid) 
on an alkaline solution of yj-crcsol (Nulling a. 
Kohn, B. 17, 338). Heddish-brown crystals 
with violet reflection. V. sol. water, si. sol. 
alcohol. Salts.-A'Na: soluble yellow plates.— 
A'jBa 4aq: small reddish-brown needles, si. sol. 
hot water. 

Diphenyl-azo-diphenyl 

C,H,.C„H,—Nj— C„H ) .C„IIj. [230°). Orange- 
red plates. Sol. ether, insol. water, alcohol, and 
acctio acid. Formed by reduction of p-nitro- 
diphenyl with sodium-amalgam, and by the dry 
distillation of hydrazo-diplienyl. Prepared by 
oxidising an alcoholic solution of liydrazo-di- 
phenyl with Fe.,Cl„ (Zimmerniann, B. 13, 1902). 

Phenyl - acetic - azo - phenyl - acetic acid v. 
C-ro.CABnoXr-TOLUENK-AZO-l’llliNYL-ACF.TIC ACID. 

Phenyl - amido - benzene - azo - benzene - sul¬ 
phonic acid 

[4:1] C 8 H,(S0 3 H)-N 3 -C t H,NHPh [1:4], Tro- 
Vitoline O.O. Prepared by tiro action of p-diazo- 
oenzene sulplionic acid on an alcohoiio solution 
of diphenylomino (Witt, C. J. 35, 187; B. 13, 
262). Steel-blue hair-like needles. SI. sol. water. 
Salts.—A'K: Hat yellow needles; si. s51. cold 
water.- A'Na. A'NH,. — A'N 1 [Me,: large yellow 
leaflets.—A'.,Ha and A'.Ca: insoluble yellow pps. 

Phenyl-glycollico-azo-phenyl glycollic acid 
N a (O s H J .O.CII s .COJl).,. [162°]. 

Preparation. — o-NilrophenylglycoUio acid 
(18-6 g.) water (110 g.) and Na,CU 3 (5 g.) aro 
treated at 60° with sodium-amalgam (215 g. of 
4 p.c. amalgam). The crystals which separate 
on cooling aro dissolved in very little water and 
the acid is ppd. by acetic acid. The product 
is recrystallised several' times from alcohol 
(A. Thato, J.pr. [2j 29,161). 

Properties.-- Orange silky needles, contain¬ 
ing 2aq (from water or dilute alcohol). When 
dry (at 110°) it is brick-rod. Sol. other, alkalis 
and strong acids. Its solutions are ycllosv or red. 

Reactions. —1. Aqueous solution is acid to 
litmus aud gives with AgNO, a red gelatinous 
pp., and with Pb(OAc) 2 a ilocculent yellow pp.— 
2. Reduced by alcoholic NH, and ILS to the 
corresponding hydrazo- compound, the potas¬ 
sium salt of which, N 2 H 2 (C,H 4 .0.CH..C0 2 K), 3aq, 
crystallises from alcohol in rhombohedra. 

Salts.— KjA"3aq. Orange plates. Its 
solution gives with BaCl 2 a red crystalline pp.; 
with Pb(OAc), an orange flocculent pp.; with 


AgNO,, a red Succulent pp.; with Fe.Cl, an 
orange pp.; with CuS0 4 , a brownish-yellow pp.; 
with HgCl,, on boiling, a red pp.; with MgSO, 
after some time, an orange crystalline pp.— 
Na ; A" 3aq.—Ag 2 A" 3aq. —BaA" 2aq. —CaA" 8 aq. 

Ethyl ether. Et.A". [111°]. Red orystals. 
Phenyl-glyoxylio-azo-phenyl-glyoxylic acid 
CO.H.CO.CJI,—N 2 —C„H,.C0.00 2 H. Azo. ben¬ 

zoyl-formic acid. Orange needles (containing 
2aq and melting at [135°]. When dry it melts 
at about 151°. Prepared by reduction of m- 
nilro benzoyl-formic acid with FeSO ( and KOH; 
yield, 50 p.c. (Thompson, B. 16, 1308). SI. sol. 
ether and cold water, insol. acidulated water, 
chloroform, or benzene. Very stable body. 
A cold saturated aqueous solution of the aoid 
gives with BaCh or CaCl 2 a micro-crystallina 
pp„ with AgNO a a yellow ilocculent precipitate.— 
A"Ba; orange crystallino pp., insol. water.— 
A"Ag,: orange-yellow slightly soluble pp. 

Phenyl-pyrrol-azo-benzene 

C„TI s .N 2 .C = CH 
C a H s .N 2 .C 4 H 3 NPh probably NPh | . 

HC - CH 

[117°]. Prepared by adding diazobonzene chlo¬ 
ride (1 mol.) to phenyl-pyrrol (1 mol.) dissolved 
in alcohol containing AcONa. Brown prisms or 
long reddish-yellow needles with blueish reflec¬ 
tion. V. sol. alcohol. Dissolves in cone. il.SO, 
with a reddish-violet colour, in alcoholic IlCl 
with a blood-red colour. Reduced by zinc-dust 
and NH,crNaOH to aniline and (probably) amido- 
phonyl-pyrrol (O. Fischer a. Hcpp, B. ip, 2256). 

Di - propyl - amido - benzene - azo - di - propyl- 
aniline C„H,N(C ; ,H.) 2 -N 2 —CJI.NfCjII.),,. Di. 
propyl-anilinc-azylinc. [90°]. Formed by passing 
NO through an alcoholic solution of di-propyl- 
aniline (Lippmann ft. Floissner, B. 15, 2140; 
16, 1417). Largo trimotric crystals, a:b:c:=* 
1: *629: *913. Picrato B"(C„lL(N0 2 ) a 0H) 2 : 
orange-red insoluble crystals. — Periodide 
violet glistening needles. 

Pyrrol - azo - benzene CJL—N 2 —C.H.NII 
C„H 1 .N,.Q--.CH 

probably NH| . [62°]. Prepared by 

IIC = CH 

adding tho calculated quantity of a moderately 
cone, solution of diazo-beuzene chloride to a well- 
cooled solution of pyrrol (2 pts.) in alcohol 
(100 pts.) with addition of sodium acetate (5 pts.) 
(Fischer a. Hcpp, B. 10, 2251). Yellow needles. 
V. sol. alcohol, ether, and petroleum spirit, si. 
sol. water. It has basic properties. Easily 
reduced by zinc-dust and alkalis) to aniline 
and (probably) amido-pyrrol. Readily combines 
in alkaline or neutral solution with a further 
quantity of diazo-componnd, giving disazo-bodies. 
Dissolves casilyin dilute HC1 with a reddish-yellow 
colour. Dissolves in cone. H.SO, with a yellow 
colour. The platino-chlorido forms small red 
iparingly soluble needles. 

Pyrrol-p-azo-di-methyl-aniline 
C«H ,(NMe v )—N,—C,H,NH. [150°]. Formed 

by combining p-diazo-di-methyl-amido-benzene 
with pyrrol in dilute alkaline solution. Glitter¬ 
ing green plates. Dissolves in very dilute HCI 
with a grass-green colour, in cone. IlCl with a 
greemsh-yellow colour. PtCl 4 gives a dark 
green amorphous pp. (Fischer a. Hepp, B. 19, 
2257). 
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Cj*H,.N 2 .C 4 H,NH 

probably NHI . [i03°]. Formed by 

H 6 ~CH 

adding (a)-diazo-naphthalene ohlorido (1 mol.) 
to pyrrol (1 mol.) dissolved in alcohol contain¬ 
ing sodium acetate, lieddish-ycllow plates. V. 
sol. alcohol (0. Fischer a. Hepp, B. 19, 2255). 
Pyrrol-(/3)-azo-naphthaleno 

C 10 H r N„.C = CH j 

C, 0 II 7 —N 2 —CJI S NH probably ' NH | 

IIC--CII 

[101°]. Prepared by adding (j 8 )-diazo-naphthulene 
chloride to an alcoholic solution of pyrrol con¬ 
taining sodium acetate. Gold-bronzy plates 
(0. Fischer a. Hepp, B. 19, 2255). 

Pyrrol-p-azo-toluene C d II 4 Me—N a — C 4 II a NII 

c 7 h 7 .n,.q=ch 

probably Nil | . [82°]. Prepared by 

HO - CH 

adding p-diazo-toluene chloride (lmol.) to pyrrol 
(1 moi.) dissolved in alcohol containing sodium 
acetate (Fischer a. Hepp, B. 19, 2254). 

7 >i-Sulphi- benzene - azo - benzene-?n-aulphinic 
acid C # II 4 (S0 2 H) -N 2 -C,.H l (SO a II). 

Azo-benzene di-sulphinic acid. Obtained from 
C b .H 1 (SO,SII).N.,.C (i H,(SO._.SII) by treatment 
with sodium amalgam (Limpricht, B. 18, 1473; 
Bauer, A. 229, 9(19). Yellowish amorphous 
mass, si. sol. cold water, insol. ether. 

Salts. — Na.A" .raq. — CaA" 1 .(aq. — BaA".— 
PbA". These salts aro readily oxidised (c.g. by 
KMnO, or I in KI) to the corresponding di- 
sulphonates. Cone, ammonio sulphide converts 
them into the di-thio-di-sulphonates. They are 
not reduced by sodium amalgam. Boiled with 
IIC1 the acid clots together, but cone. HCl. at 
110 ° forms (2 p.c. of) an isomeric base. 

P-Sulphi - benzene - azo - benzene - p- sulphinic 
acid S0 2 H.C 6 H 4 -N,-C (i H 4 .S0 2 H. 

Azo-benzene p-di-sulphinic acid. Prepared from 
SO.Cl.CyH 4 —N 2 —C (j H,.SO.,Cl and Ba(SH)„ or 
from NaS.S0 2 .C <J H 4 .N 2 .C e H l .S0.,SNa by sodium 
amalgam (Limpricht, B. 18, 1475; Bauer, A. 
229, 309). The free acid is ppd. by HCl from 
its salts as a bulky yellow mass, sparingly soluble 
in water or alcohol. Clots together when heated 
with acids. Saits. —Na 7 A" 4aq.—BaA". 

Sulpho-benzene-azo-amido-ethane v. Sulpho- 
benzenk-azo-ethylamine. 

p-Sulpho-benzene-azo-di-amido-benzoic acid 
[4;1]C G I1 4 (S0 3 H)-N— C a H 2 (NH,).,C0 2 II[l:4:2:6J. 
Formed by the action of n-diazo-benzeno- 
sulplionic acid on s-di-amido-bcnzoic acid 
(Griess, B. 15, 2199). Needles or plates. SI. sol. 
water, cold alcohol, and ether. Very unstable. 
Decomposes by boiling with water. On reduction 
it gives sulphanilic acid and (5:3:2: l)-tri-amido- 
benzoic acid. 

8 ulpho-benzene-azo-aniline-sulphonic*acid 
[4:1] C li H 1 (HSO,)—N 2 —CyH^HSO^NH., [1:?:4]. 
Amido-azo-bcnzcnc disulphonic acid. Formed 
by sulphonation of p-amido-benzene-azo-ben- 
zene-p-sulphonio acid (Griess, B. 15, 2187). 
Violet glistening needles. Sol. hot water. Dyes 
silk and wool yellow. On reduction with tin and 
HCl it gives sulphanilic acid and p-phenylenc- 
diamino-sulphonic acid. BaA"7£aq: orange 
needles, sol. hot water. 

m-Sulpho-benzene-azo - benzene-m - sulphonio 
acid [3:1] 80,H.C,H 4 -N 2 —C e H 4 .SO,H [1:3]. 


Formation.—1. From nitre-benzene m-sul- 
phonic acid by treatment with sodium-amalgam 
(Claus a. Moser, B. 11, 762) or, better, with 
powdered zinc and KOH (Mahrenholtz a. Gilbert, 
A 202, 332).—2. One of the acidB got by sul- 
phonating benzene - azo - benzene at 150° 
(Janovsky, If. 3, 244).—3. From potassium m- 
amido-benzeno sulphonato and IvMn0 4 . 

Monoclinic prisms, si. sol. water and alcohol, 
insol. ether. 

Salts.—Na 2 A"34aq.: monoclinic crystals.— 
(Nn 4 ) 2 A"2aq. — CaA"4aq. — BaA"5aq. — 
PbA"4}aq. 

Amide [290°]. Prisms, si. sol. water. 

Ethyl ether Et 2 A". [100°]. 

Chloride C B H l (SO..Cl).N,,.C (i H 4 (S0 2 Cl). 
[166°]. Acts upon cold cone, aqueous Ba(SH) s 
thus: CJI,(S0.,C1).N 2 .C 11 H 4 (S() :! C1) + 2BaH 2 S 2 - 
N 2 (C u H,.S0 2 .S) 2 Ba + BaCl 2 +2ILS forming thio- 
sulplm-benzenc-azo-benzene-thio-sulphonioftcid, 
part of which then decomposes according to the 
following equation: N 2 (C u H,.S0 2 .8)Jhi + H 2 S- 
ILN 2 (C, i H,.SO B .S) 2 Ba+ S forming tho barium 
salt of hydrazobenzene di-thio-di-sulphonio acid 
(Bauer, A. 229, 353). 

m-Sulpho-benzene-azo - benzene -p - sulphonio 
acid [4:1] C g H 4 (HS0 3 )—N 2 —C H II 4 (lfS0 3 ) [1:3]. 
Formed, together with tho p-p-acid, by heating 
benzene-azo-benzene with II 2 S0 4 at, 160° (Lim¬ 
pricht, B. 14, 1356; ltodatz, A. 215, 216), and 
by the oxidation of a mixturo of m- and p- 
potassium amido - benzono sulphonato with 
KMnO,. Uncrystallised syrup. O 11 heating 
with dilute HCl to 150° it gives p- and in* 
amido-henzcne-sulphonio acids (Limpricht, B. 
15, 1155). 

Halts. -K 2 A"2,(aq: yellow needles, v. sol. 
water.—Ag 2 A". 

Chloride [125°]: red needles. 

Amide [258°] : slender yellow needles. 

2 )-sulpho-benzene-azo-benzene - p - Btdphonio 
acid. [4:1] SO s II.C,IT 4 —N 2 — C (> H 4 .SO a H [1:4]. 

Formation.—1. By oxidising amido-benzene- 
p-sulphonic acid with KMn0 4 (Laar, B. 14, 
1928 ; Limpricht, B. 18, 1414).—2. Among the 
products of the sulphonation of benzene-azo- 
benzene at 160° (Limpricht, B. 14, 1350 ; 15, 
1155 ; Janovsky, M. 3, 242). 

Properties.— Kuby-red needles containing 2 
or 3 aq (J.), or aq (L.). Molts at about 60° or, 
w'hen dry, at about 150°. HClAq at 160° gives 
sulphanilic acid and other products. 

Salts : K 2 A"2.$aq: si. sol. water.—Na 2 A".— 
(NH 4 ) 2 A".—Ag.,A".—CaA".—PbA"aq.—CuA" 6 aq. 

Chloride [222°]. lied needles. 

Amide [above 300°]; orange plates of 
needles, si. sol. hot water. 

Di-sulpho-benzuae - azo-benzene - disulphonls 
acid [5:3:1] C«H,(S0. 1 H) 2 .N 2 .C fl H 3 (S0 3 H ) 2 [1:8:5]. 
From nitro-benzenc-di-sulphonic acid, zinc dust, 
and baryta (licicho, A. 203,64). Very deliques¬ 
cent crystals.—K 4 A |T 3aq.—Ba 2 A lf 6 aq. 

Di-sulpho-benzene azo-benzene - di-sulphonio 
acid [4:3:1] C fl H 3 (SO s H) 2 .N 2 .G 0 H 3 (S0 3 H ) 2 [1:3:4]. 
From the corresponding nitro-benzene di-sul- 
phonic acid, zinc dust, and baryta-water (Iteiche, 
A. 203, 70). Salts.—K 4 A w 3aq.-B a 2 A‘* 4aq. 

Chloride [58°]; radiating needles. 

Amide [222°]; white needles. 

p-Sulpho-benzene-azo-o-cresol. 

[4:1] C e H 4 (SO,H)-N,-C 6 II 3 (CH I )(OH) [1:8:4]. 
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Formed by the action of diazo-benzene-p-sul* 
phonic aoid (by diazotising aulphanilio acid) on 
an alkaline solution of o-cresol (Ndlting a. Kohn, 
B. 17, 364). Small reddish-brown needles. Sol. 
hot water. V. si. sol. alcohol. On reduction 
with tin and HC1 it gives sulphanilio acid and 
amido-o-cresol C ( 1 II 3 (Cir,)(NHj(OH) [1:5:2]. 

Salts.—A'Na2ii(j : yellow soluble plates. 
A'aBa 3a<j: yellow tables, si. sol. hot water. 

73 -Sulpho-benzene-azo-w-crcsol 
[4:1] C e II 4 (yO a lI)— C„H ;i (CH ; ,)(Oil) [1:2:4]. 

Formed by tho action of diazobenzene-p-sul- 
phonic acid on an alkaline solution of wi-cresol 
(Nolting a. Kolin, B. 17, 3GG). Small reddish- 
brown crystals with violet reflex. V. sol. 
wator and hot alcohol. Orange-yellow dyo stuff, i 
On reduction it gives sulphanilio acid and i 
amido-m-ereaol C, IJ.,(CH :( ) (NH.J(011) [1:2:5]. 

Salts : A'Na : small yellow soluble needles. 
A'-JJa : yellow plates, v. si. sol. cold water. 

Sulpho-benzeno-azo-p-cresol 
[4:1] 0^1,(80,11) N.. 0^1^(011^(011) [1:5:2]. 

0 

or j ^>C fi H 3 Cn 3 . 

C u H J (S0 ; ,H)-NJK 

Formation. —1. By the action of p-diazo- 
beuzenc-sulphonie acid on an alkaline solution 
of 4 >-cresol.—2. By sulphonalion of benzene- 
azo-p-cresol (Nolting a. Kohn, B. 17, 355). i 
Yellowish-brown plates with violet reflex. V. j 
sol. water and hot alcohol. Dyes silk and wool 1 
orange-yellow. On reduction with tin and 1101 ; 
it yields sulphanilio acid and amido-p-crcsol 
0 ,H,(CII j )(N1I,)(OII) [1:3:4], 

Balts: A'Na: soluble yellow plates. 
A'K 3aq.— A'.Mg 5aq.—A'.Ba: yellowish-brown ; 
tables, si. sol. hot water. ! 

p-Sulpho-benzeue-azo-^-cumenol 
[4:1] C ( 1 H 4 (HSO a ) -N 2 -C„H(CI1 ,) 3 0H [1:3:5:G:2]. 
Formed by combining diazo-benzono-p-sulphonic 
aoid with if'-cumenol [70 ]. -K.V2.iq : orange , 
needles (Liebormauu a. Kostanecki, B. 17,8b/). 

Sulpho-bonzcne-azo-ethylamine. Potas- 
»ium salt. C! 6 H a (S0 3 K)-N,—OH(NH,.).Cll 3 . 
From tho potassium salt of tho correspond- j 
ing nitro-oompound by reducing with ammonium ! 
sulphide (Kappelor, B. 12, 2285). Silvery plates 
(from water); si. sol. water, insol. Na 2 CO,Aq. 
NaOHAq dissolves it with crimson colour. 

m-Sulpho-bonzene-azo-(a)-naphthol 
[8:1] 0 B H 4 (IISO ;I )—N 2 —C 10 H tt .OH [1:4], Pro- 1 
pared by the action of an alkaline solution of 
(«)-naphthol on w-diazobenzono sulphonio acid 
(Griess, B. 11, 2197). Small greenish leaflets. 
SI. pol. cold water and coldjilcohol. 
w-Sulpho-benzone-azo-(/3)-naphthol 


[ 8 : 1 ] 


-C^HJOH) [1:2] 

Prepared by the 


0 0 H,(HSO s )—N 2 

°\ 

I >c lu n 8 . 

O.H t (HS0 1 )-IlA/ 
action of an alkaline solution of (,8)-naphthol 
on w-diazobenzeno sulphonio acid (Grioss, B. ! 

.11,2197). Slender red noodles. Y. sol. alcohol 
and water. BaA' 2 5aq: yellowish-red scales, 
ffl. sol. water. 

jp.Sulplio-benzene-azo-(a)-naphthol 
[4:1] C u H,(S0 3 H)-N..-C ln H l ,(0H) [1:4]. Tropa - 
oline 000, No. 1. Fromp-diazobenzeno sulphonio 
acid and an alkaline solution of (o)-naphthol 
(Liebermann a. Jacobsen, A. 211, 61). Orange- 


dye- Its absorption spectrum is given to 
Hartley (Ck J. 51,184). 

p- 8 ulpho-benaene-a£ 0 -(/ 8 )-naphthol 
[4:1] C 6 H 4 (SO s H)—N 2 —C u H 6 (OH) [1:2] or 

I \c, u H„. Tropaoline OOONo.2 
C, ; H ,(SO ;t H) —HN./ 

From p-diazo-benzeno sulphonio acid and ( 0 -) 
naphthol (\V. v. Miller, B. 13, 2G8; Hofmann, 
B. 10,1378 ; Grioss, B. 11, 2198). The absorp¬ 
tion spectrum has been examined by Hartley 
(C. J. 51, 185). 

7 ;-Sulpho-benzene-azo-(j 8 )-naphthol sulphonio 
acid [•1:1] C (i l I ,(ITS0 3 )-- N 2 - C 10 H,(HSO 3 )0H. 
Prepared by tho action of p-diazobenzene 
sulphonio acid on an alkaline solution of ( 8 )- 
naphthol sulphonio acid (Grioss, B. 11, 2198; 
Stebbins, A. G . J. 2, 23G). Yellowish red crys¬ 
tals. Excessively soluble in water. BaA"74aq: 
dillicullly soluble orange microscopic needles. 

p-Sulpko-benzene-azo-(a)-iiaphthylamine 
[4:1] C ( 1 H ( (IISO : ,)—No- CJI^.NII, [l:4j. From 
diazotised su I phan ilic acid and (a)-naphthylamine 
(Grioss, B. 12, 127). Brownish-violet needles, 
v. si. sol. boiling water. Its acid solutions have 
a deep magenta colour (Cricss’s test for nitrous 
acid); its alkaline solutions are orango. On 
reduction with tin and HC1 it gives sulphanilio 
acid and (l,4)-naphthylcne-diarnine. 

Salts: K A' 3aq : brown ish-yellow pi atos, 
sol. hot water.—BaA'o Haq : sparingly soluble 
brown needles (Griess, B. 15, 2190). 

p-8alplio-benzene-azo-(/3)-naphthylamine 
[4:1] 0,11,(1180.,)—N,-C 10 H U .NH, [1:2] or 
HN >. 

| >O lo n a . Formed by the 
CJI^IISO,)—HN r / 

action of p-diazo-bcnzene-sulphonic acid on 
(/3)-naphthylamino hydrochloride (Griess, B. 
15,2191). Small yellowish-red needles. SI. soL 
water, v. sol. hot alcohol, insol. ether. On 
reduction with tin and HC1 it gives sulphanilio 
acid and (1, 2)-naphthylone-diamine.—KA'7^aq: 
orango plates, sol. hot water. 

Sulpho-benzene-azo-(a)-naphthylamine sulph- 
onic acid C 0 H 1 (SO 3 II).N 2 .C 10 II i (SO 3 II).NII, [1:4:2]. 
Formed by the action of p-diazo-benzene-sulpho- 
nic acid on (a)-naphthylarnine-sulphonic acid 
(Griess, B. 15, 2194). Needles or plates. Sol. 
water and alcohol, insol. ether, dyes silk and 
wool orange.—BaA" 7]aq: red needles or plates, 
sol. hot water.—BaH 2 A v 2 8 aq: sparingly soluble 
violet-brown needles. 

p-Sulpho - benzene - azo-(0)-naphthyl - phenyl - 
amino C u H,(S0 3 II) -N 2 -C J 0 Il a .NHC b n 4 or 
C a H 1 (S0 3 H).HN 2 .C lo lf d 

\y . Prepared by slowly 
N.C„H r , 

adding dry p-diazobcnzene-sulphonic aoid (18 g.) 
to a solution of phcnyl-(j 8 )-naphthylamine (22 g.) 
in glacial acetic acid (100 c.c.) at c. 50°, followed 
by finely powdered dry K,C0 3 (7 g.); tho com¬ 
pound separates out in glistening red needles of 
tho potassium-salt. It is a splendid scarlet 
dyestuff, but is very fugitive in light. The 
potassium salt is easily soluble in water; when 
cold its solution solidifies to a transparent rod 
jelly. IIC1 precipitates tho free acid. By SnCl, 
it is reduced to phenyl-o-naphthylone-diamine 
and sulphanilio aoid. By boiling with dilute 
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mineral aoide It ie converted into naphthophen- 
azine and aulphanilio aoid: 

0 A(SO I H).N ! .C,„H,.NHO,H J “ 
0„H,<n>C. h . + C„H,(NH.)SO s H. The Ba and 

Ca salts arc crystalline insoluble pps. (Witt, B . 
20, 572). 

p-Sulpho-benzene-azo-nitro-isobutane 

C H H,(HSO a )-N 8 - CJI„(NO...). Prepared by tho 1 
action of p-diazobcnzene-sulphonic acid on an ' 
alkaline solution of nitro-iso-butano.—KA'aq: j 
orange-yellow needles. Soluble in alkalis to a , 
red solution. Dyes silk orange (Kappeler, B. i 
12, 22SH). 

p-Salpho-bonzene-azo-nitro-ethano | 

CJI^HSOJ—N,-0,H 4 (NO,). Prepared by the j 
action of p-diazobenzeue-sulphonic acid on an j 
alkaline solution of nilro-cthane. A'K: golden , 
yellow leaflets, sparingly soluble in cold waler, 
soluble in alkalis to a blood-red solution 
(Kappeler, B. 12, 2280). 

p-Sulpho-bcuzciie-azo-nitro-methano 
C h H,(US0 3 ) - N,--CIT v (N t O.). Prepared by the 
action of p-diazononzono-sulphonic acid on an 
alkaline solution of mtro-methane. -KA'-laq: 
orange needles. Dyes silk orange (Kappeler, 
B. 12, 2280). 

p-Sulpho-benzcno-azo-nitro-propane 
CJI I (HS0 3 )-N.,-C(N T 0,)(C11,).,. Prepared by 
tho action of p-diazobuiizeuc-sulphonic acid 
on an alkaline solution of nitro-isopropano. 
A'K: light yellow leaflets. Has no dyeing 
power. Insoluble in alkalis (Kappeler, B. 12, 
2287). 

p-Sulphobenzene-azo-orcin 
[4:1] C,,Hj(lISO a )—N 2 —C B IL(Cn 3 )(OH) 2 . Small 
yellowish-red needles. Dillieultly soluble in 
water. Prepared by the action of .an alkaline 
solution of orcin upon p-diazobcnzeno-sulphoiiie 
acid.—KA'2aq (Griess, B. 11, 2100). 

p-Sulpho-benzeneazoo-oxy-benzoic acid 
[4:1] C (i l 1,(80,II) —N 8 — C (1 II 3 (01 l.)(C0 2 II) [1:4:5J. 
Prom (lia/.otisedsulphanilicacid and an alkaline 
solution of salicylic acid. Golden needles; si. 
sol. hot water (Griess, B. 11, 2100; Stebbins, 
3. 13, 710). BaH,A".,. 

p-Sulpho-benzeaeazo-oxy-quinoline 
{HA) (« t» yClLClI 
O u H,(IISO s )-N 2 -C tt II 8 (OH)/ | . Formed 1 
\N : CH 

by the combination of p-diazo-benzene-sulplionio 
acid with (B. 4)-oxy-tpiinolino (Fischer a. 
Renouf.H. 17, 1042). Small needles. Orange dye. 

p-Sulpho-benzene-azo-phenol disulpbonic acid 
C a H 4 (S0 3 TI) —N 2 ~C (i H.,(SO : ,H),.(OH). Formed 
by heating azoxybonzene with fuming H.SO,. 
Small soluble Jlat red needles with green lustre. 
On reduction it gives p amido-benzonc-sulphonio 
aoid and amido-phenol-di-sulphonic acid. # 

S a I ts.—A'"K 3 3aq: yellow microscopic 
jieedles, easily soluble. Bromine-water gives tri- 
bromo-phenol.—A"'Ag : unstable red pp.— 
A'" 2 Ba 3 7aq: brown crystalline pp.—A w *Pb*1 iuq. 
Chloride: red crystalline powder [220 J j. 
Amide: yellow plates [260^, sparingly 
soluble in alcohol (Limpricht, £. 15, 1207; 
Wilsing, A. 215, 234). 

p-Sulpho-benzene-azo-xylenol 
[4:1] C,H,(SO ;j H) -N 2 -C u H.Me,.OH [l:3:5.2j. 
Formed by combining diazohenzeue-p-sulplionic 
acid with m-xylenol C ti II s Me 2 (OH) [1:8:4] j 


ms 

(Grevingk, B. 19,148/, Dyes wool and silk a 
brownian yellow from an acid bath. On reduc¬ 
tion it yields sulphanilio acid and o-amido-wt- 
xylenol 0 u H,.Me 2 (NH 2 )(0H) [5:3:1:2]. 

Sulpho - carboxy- benzene - azo-(/3)-naphthol- 
(a)-di-sulphonic acid 

C H H ;i (C0..II)(SO 3 H)-N 2 -0 l „H l (0n)(80,H) 2 . 
Prepared by tho action of wi-diazo-sulpho- 
ben/.oic acid on an alk.iHno solution of (&)• 
naphlhol-(a)-di-sulplnuii<i acid (Griess, B. 
14, 2038). Orange needles or pri>ms. V. sol. 
water and alcohol, insol. ether. Salts.— 
A w ..H .l>a ;l 3uq: slightly soluble yd low needles. 
A ‘l»a.5aq: nearly insoluble icd crYst illine pp. 

Sulpho-carboxy-bcnzene - azo - oxy - naphthoic 
acid C..11 ,(80,1I) (CO, 11) • ■ N,. - 0 1(1 11,(011) (CO ,H). 
Prepared by tho action of diazosulpliohciizoio 
acid on an alkaline solution of (a)-oxy-naplithoic 
acid (Griess, JJ. 11, 2It)'.)). Brown niierosc.opic 
needles or leaflets. 81. sol. water. 

Sulpho-naphthalene -azo-(#)-nupbthol - distil- 
phonic acid C ll ,ir,iSO : ;il).N...O,„ll,p)II)(80 3 1I) 3 . 
Crimson dye (Slokbins, A. C. J. 2, 1 JO). 

Sulpli i-totucne-azo-tolaenc-sulphonic acid 
[2:4:1] C (i H : ,M.'(SO : ,lf).N,.C,.II 3 Me(SO,JI) [1:2:4]. 
From potassium o-tuluidine sulplioiiate (of 
Gervor) and KMuO, (Kornatzki, A. 221, 183). 
♦Small red prisms, grouped in tables, very soluble in 
water and in alcohol. KA": red plates grouped 
in clumps.--- Ba.V'nq.—CaA"3aq. PI»A"ttq. 

Chloride. {218 ,J j. lied needh s (from 0,JI # ). 

Amide. [250 J. Tables (from aqueous Nll 3 ). 

Sulpho-toluenc-azo-toluenc-sulphouic acid 

[2:5:1 J C.H.Mo(S(). ( lI).N s .C„IT : ,Me(SO : ,lJ) [1:2:5], 

Azo-tolunic-disuljdunric acid. From o-nitro- 
toluene sulplumic acid, zinc dust, and KOHAq 
(Neale, A. 203, 74); or from o-Lohiidiuo sul- 
plionic acid of Haydnck and KMnO., (Kornatzki, 
A. 221,181). Salts. —BaA" laq. - lv.A" 2 2 aq,— 
CuA"5aq.—PbA"4aq. 

Chloride. [220°]. Bed prisms. 

Amide. [300°]. Bed powder. 

Sulpho-toluene - azo - toluene - sulphonic acid 
[4:0:1] 0 ti Il 3 Me(S0 3 ll).N 2 .C„H 3 Mo(SO ; ,H) [1:4:0], 
From potassium 2 )-toluidino sulphonata and 
KMnO, (Kornatzki, A. 221, 182). 

♦Salt.—BaA" 3aq. 

Sulpho-toluene-azo-toluene-sulphonic acid 
14:5:1] C ll H ; ,Me(80.,ll).N i ..C (J l C 3 Mo(SO,lI) [1:4:5]. 
From p-nitro-tolueno o-sulphonic. acid, KOHAq, 
and zinc dust (Neale, A. 203, 80); or from 
potassic p-toluidino sulplioiiate and KMu0 4 . 

K.A" 3aq. — CaA" 3aq. —BaA" aq.—PbA" 2aq. 

Chloride. [194°j. Bed crystals. 

Amide. [270 3 J. -Yellow. 

F.xo - Sulpho - toluene - azo - toluene - exo - aul. 
phonic acid SO; t il.ClF.C tl II,.N,.C 11 U,.CIL.SO : ,H. 

Formation. —1. Freni G, j lI,(N() v ).ClI._,.80 t H 
by boiling with zinc dust and KOH or Baj(OII) 2 .— 
2. From CJl 1 (NH,.).CII...80 i Kand KMn0 4 (Mohr, 
A. 221,223). Salts.—K 2 A" 8 aq: orange plates.— 
BaA" 1 i,aq.—Ag.A" aq. 

Chloride . [111)']. 

Sulpho-xylene-azo-di-bromo-naphthol 
C, 1 TLMo.,(80 3 H)—N 2 —C lll H,Br 2 (<)II). From p- 

diazo-xylonc sulphonic acid and di-hromo-(o)- 
naphthol (Stebbins, jun., A. C. J. 2, 44G). Sol. 
hot water, forming a scarlet solution. 

Sulpho-xylene-azo-(a)-naphthol 
C ti Il 2 Me 2 (S0 2 H)—N 2 —C 10 H.OH. From p dmz> 
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xylene sulphonic acid and (a)-naphthol (Stebbini, 
jun., A. 0. J. 2, 446). Brown dye; sol. water. 

8ulpho-wi-xylene-azo-(j8)-naphthol 

[1:8:6:4] C u H 2 Me 2 (S0 3 H)-N-C 10 H,,(OH). 
Formed by tho action of diazo-m-xylone sulpho- 
nic acid (from wi-xylidine sulplionio acid) upon 
an alkaline solution of (£)-naphthol (Nolting a. 
Kohn, B. 19,139). Metallic green crystals. SI. 
sol. cold water. Dyes wool and silk from an 
acid bath a yellowish shade of scarlet. 

Salts.— A'Na x : red soluble plates.— A'Jlft : 
si. sol. hot water. 

Sulpho-xylene-azo-^-phenanthrol. Fromp- 
diazo-xyleno sulphonic acid and (/3)-phenaiithrol 
(Stebbins, A. C. J. 2, 446). Reddish-brown dye. 

Sulpho-xylene-azo-resorcin v. Di-oxy-ben- 

BENE-AZO-XYLENE 8ULPIIONI0 ACID. 

Sulpho-xylene-azo-xylene sulphonic acid 

[2:4:5:13 C (i II,Me,hS0 3 H) -N ? -C u II 2 Mo,(SO a H) 
[1:2:4:53* Formed by oxidising (i, 3, 6, 4)- 
xylidino sulphonic acid with dilute KMn0 4 
(Jacobsen a. Loddcrboge, B. 10, 194); or by 
reducing (6, 1, 3, 4)-nitro-xyJcne sulphonic acid 
with zinc-dust and NaOH (Limpricht, B. 18, 
2191). Orange plates; v. sol. water; si. sol. acids. 

Salts.—K,A"4aq.—KHA"4aq. 

Chloride. [80 J ]; red crystals. 

Amide. [174°]. 

w-Thio-sulpho-benzene - azo-benzene - sulphi- 
nic acid [3:1] (HS.SO,)C )( H 1 .N,.C B H,(SO ;i H) [1:3J. 
[below 100]. A solution of the barium thio- 
sulpho-benzene-azo- (or hydrazo-) benzene-thio- 
Bulphonate gives, on evaporation, S and the salt 
of the present acid. This salt forms red crusts 
which are sparingly soluble in water, but are 
converted by boiling Na 2 C0 3 into the soluble 
Na salt, whonce IIC1 separates the free acid as a 
bulky flocculent pp. hardly soluble in water, but 
resinitied by boiling with it. It is soluble in 
alcohol. Oxidised by KMu0 4 to N..(C u H 4 SO.,K). i{ . 

Salts.—BaA" (dried at 140°).—K,A".— 
Na 2 A" jraq.—PbA" (dried at 130°). 

Isomer. —Ammonia converts the acid into a 
brown amorphous base, isomeric with it (Lim- 
pricht, B. 18,1472; Bauer, A. 229,360). 

m-Thio-sulpho-benzene -azo-benzene - w-thio- 
■ulphonic acid 

[3:1] HS.SO,.C 8 H,.N,.C li H 1 .SO,.SH [1:3]. 
[91°-93°]. From its salts by adding glacial 
acetic acid. A voluminous yellow pp. insol. 
water or alcohol, and resinified when boiled 
with them (Limpricht, B . 18, 1471; Bauer, A. 
229, 358). 

„ Barium salt.—BaA" Sag. One of the pro¬ 
ducts of the action of liaric sulphydrato upon 
the chloride of sulpho-benzene-azo-bonzene- 
sulphonic acid (g. v.). V. sol. hot water, si. sol. 
cold water, nearly insoluble in alcohol. Yellow 
ammonio Rulphide slowly converts it into the 
corresponding hydrazo- compound. 

NaA/'zaq. Its solutions give amorphous 
pps. with salts of Cu, Pb, Ag and Fe'". 

p-Thio-sulpho - benzene-azo- benzene - thiosul- 
phonio acid 

[4:1] C 11 H 4 (SO,SH)-N 2 -C h H 4 (SO,SH) [1:4]. 
Yellow amorphous solid. SI. sol. water and 
alcohol. Formed by the action of a saturated 
aqueous solution of Ba(SH)„ upon the chloride 
of sulpho-benzone-azo-benzene-sulphonio acid. 
NajA"a:aq: very soluble yellow warty crystals. 


I —BaA": yellow warty crystals, boI. hot watev 
(Limpricht, B. 18,1474; Bauer, A. 229, 868). 

p-Toluene-azo-aceto-acetic acid 
[4:1] 0„H 4 (CH 3 )—N 2 — CH(CO.CH 3 ).COjH. [188°]. 

Ethyl ether A'Et: [70°]; yellow needles. 
Formed by tho action of p-diazo-toluene chlo- 
rido on an alcoholic solution of sodio-acetacetio 
ether (Ziiblin, B. 11,1419 ; Richter a. Miinzer, 

B. 17,1929). 

p-Toluene-azo-acetone 

[4:i] C 8 H 4 (CII 3 ) —N 2 —CH 0 .CO.CH 3 . [115°]. 

Formation.— 1. By heating p-tolueno-azo* 
aceto-acetic ether with a dilute alcoholic solution 
of NaOH.—2. By heating p-toluene-azo-aceto- 
acetic acid above its melting-point, C0 2 being 
evolved (Richter a. Miinzer, B. 17, 1929). Yel¬ 
low needles. SI. sol. water. 

Toluene-azo-bromo-toluene 

C, .H, Mo—N 2 —C ti H.,BrMe. Bromo-azo-toluene. 
[136°] (P.); [138-5°] (J. a. E.). Formed by 
brominating p-toluene-p-azo-toluene (Petrieff, 
B. G, 557; Janovsky a. Erb, B. 20, 363). Golden 
plates or needles. Reduces to a hydrazo- com¬ 
pound [119°]. 

Toluene-azo-chloro-toluene 
[4:1] C (i H 4 Mo.N 2 .C lj H 3 MeCl [1:5:2]. [97°]. Formed 
by the action of cuprous chloride upon diazotised 
p-toluene-p-azo-toluidino (from p-toluidine); 
yield, 20 p.c. of theoretical. Brown plates. V. sol. 
alcohol, ether, and benzene (Mentha, B.19, 3026). 

p-Toluene-azo-p-cresol 

[4:1] C a II 4 (CII 3 )-N-C K H H (Cn 3 )(OH) [1:5:2] 
[113°]. Obtained by tho action of p-diazo- 
toluene chlorido on an alkaline solution of p- 
! cresol. It is also formed by diazotising p-toluenc- 
1 azo-p-toluidine C 8 H 4 (CH 3 )-N 2 —C B H 3 (GH.,)(NH 2 ) 

! and boiling the product with water (Noiting a. 
Kohn, B. 17, 354). Reddish needles or yellow 
tables. V. sol. other, benzene, and hot alcohol. 

Acetyl derivative [91°], yellow needles. 

Benzoyl derivative [95°], small yellow 
needles. 

o-Toluene-azo-ethyl-(j9)-naphthyI-amine 
[2:1] 0 B H,(Cn 3 ) -N 2 —C, 0 II fi (NHEt) [1:2]. [132°]. 
Formed by heating ethyl-(i 8 )-naphthyl-nitros- 
amine with an acetic acid solution of o-toluidine 
(Henriques, B. 17, 2670). 

p-Toluene-azo-ethyl-^) -naphthyl-amine 
[4:1] C a H,(CH 3 ).N 2 .C, u H 6 (NHEt) [1:2]. [113°]. 

Formed by heating ethyl-(j 8 )-naphthyl-nitros- 
amine with an acetic acid solution of p-toluidine 
(Henriques, B. 17, 2670). 

o-Toluene-p-azo-(a)-naphthol 
[2:1] C 6 H 4 Me.N 8 .C 10 H fl (OH) [1:4]. {ayNaphtho- 
quinonc-o-tolyl-hydrazide. [146°]. 

Formation. —1. From o-diazo-toluene and 
(a)-naphthol.—2. From (n)-naphthoquinone and 
o-tolyl-hydrazino. 

Froperties.—Bed glistening needles. V. sol 
alcohol, acetic acid, and benzene, less readily in 
benzoline. IINO s converts it into di-nitro-(a)- 
japhthol. With HC1 and HBr it gives dark 
blue metallic-glistening salts. Dissolves in di- 
luto NaOH.. 

Methyl ether C,yH, s N 2 (OMe) [93°]; reddish* 
brown glistening needles ; easily soluble in ordi¬ 
nary solvents. 

Ethyl ether C l 7 H, s N 2 (OEt) [94°]; red 
plates or dark thick needles (Zineke a. Rathgen. 
B. 19, 2488). 
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p.Toluene-p-a*o-(a)-naphthol 

[4:1] G,H 4 Me.N 2 .C 10 H # (OH) [1:4]. [*)-Naphtho - 
luinont-p-tolyl-hydrazide. [208°]. 

Formation. —1. From p-diazo-toluene and 
a)-naphthol.—2. From (a)-naphthoquinone and 
j-tolyl-hydrazine. 

Properties .—Metallic - glistening dark - rod 
pangles. V. sol. acetone, aniline, and hot 
litrobenzenc, si. sol. alcohol, acetic acid, and 
ienzene. Dissolves in dilute NaOII. UNO, 
converts it into di-nifcro-(a)-naphtliol. Not at¬ 
tacked by bromine in acetic acid solution. With 
mineral acids it forms salts which separate in 
bluish-green metallic-glistening plates. By 
heating with baryta-water it is rendered in¬ 
soluble in alkalis.—B'HCl.—D'HBr. 

Methyl ether C 17 H l8 N 2 (OMc) [104°]. 
Ethyl ether C l7 H ia N 2 (OEt) [127°J, large 
red crystals or red needles. 

Acetyl derivative C 17 H, 3 N 2 (OAc) [102°], 
fine yellowish needles (from benzoline) (Zinckc 
a. ltathgen, D. 19, 2480). 

o-Toluene-oazo-(o)-naphtliol 
[2:1] C li H,Me.N r C 10 lI ti (OXI) [2:1] or 

°\ 

| >C 10 II 6 . ( p)-NaphthO‘quinonc- 0 ‘ 
C,.H 4 Me.HN/ 

tolyl-liydrazidc. [156°]. Formed by the action 
of o-tolyl-hydrazinc upon (0)-naphthoquinone. 
Glistening red plates. Easily soluble in ordinary 
solvents. HN0 3 converts it into di-nitro-(a)- [ 
naphthol. Bromine gives a di-bromo-derivative 
[254°] (Zinckc a. Bathgcn, B. 19, 2492). 

jp-Toluene-o-azo-(a)-naphthol 
[4:1] C fi H 4 Me.N,.C 10 H 6 (OH) [2:1] or 

C H 1 Me.N..II /// \ c, r H.. (ft)-Naphtho-quinonc- 
p-tolyl-hydrazide. [145°]. Formed by the 
action of p-tolyl-liydrazine upon (^-naphtho¬ 
quinone. lied slender glistening needles. V. 
sol. alcohol, benzene, and acetic acid, sparingly 
in benzoline. By SnCl 2 it is reduced to (0)- 
amido-(a)-naphthol and p-toluidinc. HNO a con¬ 
verts it into di-nitro-(a)-naphthol. Bromine 
gives a di-bromo-derivative [23G°] (Zincko a. 
Bathgcn, B. 19. 2491]. 

p-Toluene-o-azo-(/3)-naphthol 
[4:1] C tt II 4 Me.N,.C, 0 H 0 (OH) [1:2] or 

C.H.Mc.N h/ Nc,,,!!,. [135°]. Formed by 
combination of p-diazo-toluene with (#)-naph- 
thol. Thick red needles or tables. V. sol. alcohol, 
benzeno, acetic acid, and acetone. Insoluble in 
cold dilute NaOH. With acids it forms unstable 
salts. Bromine in acetic acid converts it into a 
di-bromo-derivative [190°]. HN0 3 gives di-nitro- 
(3)-naphthol (Zinckc. a. Bathgcn, B. 19, 2490). 

o-Toluene-o-azo-(/3)-naphthol 
[2:1] C u H 4 Me.N,.C IO H,(OH) [1:2] or 

3 e H < Mc.N ! H-il\c 10 n„- [131°]. Farmed by 

jombination of o-diazo-toluene with(£)-naphthol. 
?ine red needles or plates. Insol. cold dilute 
tfaOH. With acids it forms unstable salts. 
JNO s converts it into di-nitro-(/3)-nap?ithol. Bro- 
nine forms a mono-bromo-derivative [167°]. 
Zincke a. ltathgen, B. 19, 2491; Fischer, B. 20, 
,580). 

p-Toluene-azo-03)-naphthol disnlphonic acid 
l # H 4 Me—N 2 —C 10 H 4 (OH)(SO 3 H) 2 . From sodium- 
8) naphthol disulphonate and p-diazo-toluene 


nitrate (Stebbins, A. C.J. 2, 236; O. N. 42, 44). 
Red leaflets, v. sol. water. Soarlct dye. The 
corresponding o- compound dyes yellower, the 
m- compound, redder. 

p-Toluene-azo-(a)-naphthylamine 
[4:1] C b II 4 (CH a )—No—C 10 H d .NII 2 [1:4]. [145°]. 
Prepared by the action of p-diazo-tolueno sul¬ 
phate on (a)-naphtliylamine (Wcselsky a. Bone- 
dikt, B. 12, 229). lied leaflets; insol. water.— 
B'JLSOjOaq: steel-blue needles. 

o-Toluene-azo-nitro-ethfcne 
[2:1] CJI,Me—N 2 —CH(NO..).CH a . [88°]. From 
o-diazo-toluene nitrato and potassium nitro- 
ethane (Barbicri, B. 9, 387). Unstable orange 
needles.—NaA': golden spangles. 

p-Toluene-azo-nitro-ethane. [133°]. Prepared 
like the preceding (B.). Orange prisms with 
steel-blue lustro. Its alkaline solutions are 
deep red. 

Toluene-azo-nitro-toluene 

C,.II 4 Mc—N 2 —C 8 H 3 (N0 2 )Me. Nitro-azo-toluene 
[114°]. Among the products of tlio nitration 
of toluene-azo-tolaene dissolved in glacial acetic 
acid (Janowsky a. Erb, B. 20, 363). Orange 
monoclinic needles (from 90 p.o. alcohol). 

Toluene-azo-nitro-toluene.[7G°J.From toluene, 
azo-toluene and I1N0 3 (S.G. 1*4) (Petricff, B. 6, 
557). 

o-Toluene-azo-orcin 

C ti H,Me—N 2 —C 6 IUIe(OII), f203°-20G°]. From 
o-diazo-tolueno and orcin (Scichilono, O. 12, 
223). Red-brown crystals. 

p-Toluene-azo-thymol sulphonic acid 
C h II 4 (CH : ,)—N 2 —OJI(CH 3 )(CjII,)(H>SO ;t )On. 
Prepared by tlio action of pdiazo-toluene- 
chloride on sodium thymol-sulphonato.—A'Na: 
slender yellow needles; sol. alcohol and hot 
water, almost insoluble in cold water (Stebbins, 
B. 14, 2795). 

o-Toluene-o-azo-toluene 

[2:1] Me.C u H 4 —N a —C b H 4 .Me [1:2]. o-Azo-toluene 

[55°]. 

Preparation.— 1. By distilling o-nitro-tolueno 
with alcoholic potash; or by reducing it with 
zinc-dust and alcoholic NaOH (Schultz, B. 17, 
497). Cannot bo prepared by reducing o-nitro- 
toluene in alcoholic solution with sodium-amal¬ 
gam (Perkin).—2. From o-toluidine and KMn0 4 
(Hoogewcrff a. van Dorp, B. 11, 1203). 

Properties.— Dark red trimetrio prisms; 
a;&:c*=2'225:l:l*708. Volatile with steam. Gives 
a mono-nitro- derivative [c. G7°J, a di-nitro- 
derivativc, [142°], and a tri-nitro- derivative that 
decomposes before melting (Petrieff). 

m-Toluene-m-azo-toluene , 

[3:1] Me.C b H 4 —N 2 —C fi I 1 4 Mo [1:3]. m-Azo-toluens 
[51°] (G.); [55°] (B.). From m-nitro-toluene 
by boiling with alcoholic KOH (Goldschmidt, 
B. 11,1024), or by treatment with zinc-dust and 
alcoholic KOH (Barsilowsky, B. 10, 2097; A. 
207, 114). Orange-red trimetric tables, a:b:e~ 
•85:1: *54. V. sol. alcohol. 

©-Toluene-p-azo-toiuene. p-Azo-toluene 
[4:1] Mc.C„H 4 —:N..—C # H 4 Mo [1:4]. [144°]. 

Formation^ —From p-toluidine and CrO, in 
glacial acetic acid ; or by treating a solution o! 
p-toluidine in chloroform with bleaching-powder 
(R. Schmitt, J. pr. [2] 18, 198). Or by oxidising 
-toluidine with H 2 0 2 (Leeds, B. 14, 1382), or 
enzoyl peroxide. Cannot be prepared by dis¬ 
tilling p-nitro-toluene with alcoholic potash 
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(Perkin), tor oy such treatment a red condensa¬ 
tion product is obtained whioli on further reduc¬ 
tion giveB di-ami lo-di-phenyl-ethylene [227°]. 
(Bender a. Schultz, B. 10, 3237). 

Preparation .—p-Nitro-toluene (20g.) in alco¬ 
hol is treated with sodium-amalgam added gradu¬ 
ally, the mixture being frequently cooled. Tho 
brown solid that separates is crystallised from 
glacial acetic acid (Perkin, C. J. 37, 554, cf. 
Jtnvorsky, J. pr. 94, 2iJ3; Werigo, Z. 1864, C IO ; 
AlexejelT, Z. i860, 26!); Melms, B. 3, 543; 
Schultz, B. 17. 472). 

Properties. Ked trimetric noodles. V. sol. 
alcohol and ligroi'n, si. sol. alcohol. Slowly re¬ 
duced to liydrazo-toluene by ammonium sul¬ 
phide. In alcoholic solution it is reduced by 
SnCL and 31C• 1 to tolidino 191°]. (S.). Nitric 
acid forms a mono nitro- derivative, [76°J, a 
dinitro- derivative |i 10-J, and a tri-nitro- deriva¬ 
tive [201°] (Petrieli). 

o-Toluene-m-azo-toluene 
[2:1] CJ1 4 (CII :I ) -N, - O h H,((!IT,) [1:3]. Obtained 
by diazotising o-toluono-azo-o-toluidino (from o- 
toiuidine) and treating the diazo-compound with 
alcohol (Schultz, B. 17,470). Bed oil. Volatile 
with steam. V. sol. alcohol and other. By 
SnCl.. and HCl in alcoholic solution it is con¬ 
verted into an unsyminctrical tolidinc. 

w-Toluenc-p-azo-toluene 
[4:11 0 li II 4 (CII ;1 )-N,- C n H 1 (CII ; j) [1:3]. [58°J. 

Formation.—1. By tho action of zinc-dust 
and alcoliol upon o-diazo-toluenc-azo-tolucne.— 
2. By the action of Ag_,0 and alcohol upon the 
compound CulInN, tho reduction-product of 
o-diazo-toluene-a/.o-toluene (Zinclce a. Lawson, 
B. 19,1158). Brownish-red plates. V. sol. alco¬ 
hol, ether and benzene. 

o-Toluene-azo-o-toluidine 
[2:1] C u Il 1 (CII.,)-N,-C tt ir,(CH : ,)(NH,) [1:3:4] 
[100 3 ]. Formed by passing nitrous acid gas 
into o-toluidine (Nietzki, H. 10, 062). Tri- 
metric crystals, a:b:c- 1*0110:1:1-326.8. Heated 
■with aniline hydrochloride and alcohol at 160° it 
forms a red dye resembling saffranin. 

Salts.—BTICI: orange tables.—B'JLPtCl,;. 
Acetyl derivative 

C 7 H 7 -N.-C,n (! (iNlJAc). [185°J. Slender red 
needles, v. sol. alcohol (Schultz, B. 17, 469). 

m-Tolueno-azo-?n-toluidino 
[8:1] C„H l Mc-N,- C ti H 3 Me(NH,) [1:2:4]. [80°]. 
Formed by treating an alcoholic solution of 
m-toluidino witli nitrous acid gas (Nietzki, 
B. 10, 1155). Golden needles. — B'HCl. — 
B'.JLPtCl,.. Gives p-tc’yleno diamino, [C4°], on 
reduction. 

p-Toluone-azo-o-toluidine 
[4:1] C 0 lI 4 Me- N, C u II 3 Me(NH..) [1:3:4]. [128°]. 
From p-diazo-tolueno toluido and o-toluidinc 
hydroclilorido (Nietzki, B. 10, 832). Gives 
p-tolylcne-diamine, [61°], on reduction. Heated 
with aniline hydrochloride it forms a violet dye. 
S a 1 ts.-BTJCl.-B',H 2 PtCV 
p-Toluenc-azo-w-toluidine 
[4:l]C e ll,Me—N,.-C c H a Me(NH,) [1:2:4]. [127°]. 
From p-diazo-totuene toluide and w-tolui&ine 
hydrochloride in alcoholic solution (Nietzki,!). 
10,1156). Largo yellow plates. Gives p-tolylene- 
dinuiine [04'j on reduction. 

Salt ».-B'HCl.-B , 2 Il 2 rtCl - . 


p-Tolaene-axO-p-tolaidine 
[4:1] C e H,Me—Nj—OgHjMetNHj) [1:5:2] oi 
NH v 

| >0 6 H s Me. [119°]. o-Amido-azo • 
C (i n,Me.N 2 n/ 

toluene. Toluene-hydrazimido-toluene. Pre¬ 
pared by heating p-diazo-toluene-p-toluide 
(diazo-amido-toluene), dissolved in 5 or 6 times 
its weight of melted p-toluidine, with p-toluidine 
hydrochloride (1 mol.) at 65° for 12 hours. 
Orange-red glistening needles. V. sol. hot alco¬ 
hol, acetic ether, and benzene. On reduction 
it gives p-toluidine and tolylenc-o-diamine. CrO, 
oxidises it in acetic acid solution to toluene* 
azimido-toluene C 7 II 7 — N ;l — C ; H„ (Zincke, B. 18, 
3142). Heated with p-toluidinc hydroclilorido 
. and p-toluidine at 100° ii gives a body C,.H 41 N 3 
analogous to azoplienine which forms flat red 
needles. Heated to a higher temperature dye¬ 
stuffs of tho indulinc series are formed. It is 
converted into eurhodino C^II^N, by heating 
with (a)-naplithylamino hydrochloride (Witt, 
C. J. 49, 393). The salts of o-amido-azo-p- 
toluene are yellow in the solid state, but dissolve 
to green solutions.—B'HCl: slender light-yellow 
needles. 


Acetyl derivative. [157°]; yellow felted 
needles. 

Benzoyl derivative. [135°]; orango- 
yellow needles (Witt a. Nolting, B. 17, 77). 

Disulphonic acid C M H i; ,N 3 (S0 3 H) a . 
Formed by sulphonating witli fuming H,S0 4 
(N. a. W.). Greyish wliite needles. Is a yellow 
dyestuff of redder shado than ‘ acid yellow.’— 
BaA/'4aq: brownish-red crystalline powder. 

p-Toluene-azo-tolylene-diamine 
[4:1] CJI.Mo -N.,—C b IJ..Mo(N II,),. [1:3:4:6]. 

[183°]. From p-diazo-tolueno nitrate and toly- 
lene-wi-diamine (Hofmann, B. 10, 218). Orange 
needles, v. sol. alcohol, insol. water.-—B"HC1.— 
BVLPtCl (j . 

Xylene-azo-(^)-naphthol-(/3)-Rulphonic acid. 
Diazo-xylenc docs notcombino with Bumpf’s ‘a’- 
sulphonic acid of (,8)-naphthol in dilute alkaline 
solution, although some other diazo-compounds 
(such as diazo-benzene) do combine with it under 
the same conditions. If, however, the solution 
is very concentrated, the combination with 
diazo-xylene takes place. Tlie product forms 
red needles, dissolves in H..SO, with a red 
colour, and dyes wool a somewhat yellower shado 
than the compound from Schafer’s ‘ 0’-acid 
(Schultz, B. 17, 461). 

Xylene-azo-thymol-sulphonic acid 
C, ; 11 3 (CI1 ; ,) 2 —N 2 - C b II(O il,)(C.,H.)(HS0 3 )OH. 
Slender yellow needles. Prepared by the action 
of diazo-xylenc chloride on sodium thymol* 
sulplionnte.—A'.Ba: small yellow needles or 



C,.H 3 (CH 3 ).,-N,-C 8 H ;) (CH 3 ) 2 . Azo-xylene [126° 
corr.j Formed by reduction of nitro-w-xylene 
with sodium-amalgam or with zinc-dust and alco- 
liolio NaOH ; very small yield. A better yield 
is obtained by oxidation of xylidino with alkaline 
potassium ferricyanide (Werigo, Z. 1864, 723; 
1865, 312; Samonoff, Bl. [2] 39, 597; J. R. 
1882, 327 ; Schultz, B. 17, 470). Bed needles. 
Sol. hot alcohol. It does not appear to give a 
dixylyl base by treatment with SnCl, and HCl 
in alcoholic solution. 
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w-Xylens-o-aio-m-xylidine 
[9:4:1] O # H,M 0 ,~N,-C # H t Me s (NH J ) [1:3:5:63 
NHv 

or I >C 4 H 3 Me 2 . o-.4wwfo-Q20- 

C e H s Me a —NjH' 
xylene. [78°] 

Preparation.— Diazo-*n-xylenc-m-xylido, pre¬ 
pared by adding a solution of 1 mol. of sodium 
nitrite to a mixture of 1 mol. of w-xylidine 
C # H,Me 2 .NH,[l:3:4] and 1 mol. of its liydro- 
chlorido, is dissolved in wt-xylidino and gently 
warmed for a long time with about 5 p.c. of 
w-xylidine hydrochloride. The mixturo is then 
acidified witlidiluto HCl,tho precipitated hydro¬ 
chloride is filtered off, washed with water, 
alcohol, and ether, basified, and crystallised 
from alcohol or benzene; the yield is 70 p.c. to 
80 p.c. of theoretical. Orange plates. V. sol. 
benzene, and hot alcohol, v. si. sol. water. 

Reactions.—On reduction it yields w-xylidine 
and w-xylylene-o-diamino C g Il,Mo..(NII..) 2 
[1:3:5:6]. 

Salts.—B'HCl: yellow crystalline powder, 
dissolves sparingly in alcohol with a green 
colour, solublo in phenol with a splendid green 
colour (Nulling a. Forel, B. 18, 2082). 

w-Xylene-p-azo-m-xyli(line 
[2:0:1] C (1 1 I :( Mo 3 ~N 2 - C (i ILMe.,(NIL) [1:3:5:43 
[78°J. Yellow plates. Easily soluble in alcohol 
and benzene. Prepared from w-xylidino 
C u H 3 Me 2 .NH.,[l:3:2] by the same method as that 
described under m-xylonc-o-azo-w-xyInline. 

Salts. — J 1 'JImCI.. PtCl,: red cryslallinopowder. 
The hydrochloride dissolves in phenol or alcohol 
with a red colour (Nulling a. Ford, B. 18, 2084). 

w-Xylene-p-nzo-m-xylidino 
[3:5:1] C (i H 3 Mo, -N 2 -C 0 ir,Mc,(NII..) [1:2:0:11. 
[95°]. Prepared from m-xylidino C„II 3 Mo..NII 2 
[1:3:5] by the same method as that described for 
m-xylene-o-azo-w-xylidinc. Yellow plates. On 
reduction it gives symmetrical m-xylidino and 
m-xylylene-p-diamino C li ILMo i{ (NII : .) 2 [1:3:2:5J. 
The hydrochloride, dissolves in phenol with a 
violet-red colour (Noiting a. For el, B. 18, 2081). 

o-Xylene-p-azo-o-xylidine 
[2:3:1} CJhMe — N..-C 6 H 2 Me.,(NH 2 ) [1:2:3:!]. 
[111 0 ]. Prepared from o-xylidino C ti H 3 Me 2 .NII 2 
[1:2:3] by the same method as that described 
under m-xylcne-o-azo-w-xylideno (Noiting a. 
Forel, B. 18, 2081). Glistening yellow plates 
(from alcohol or benzene). On reduction it 
yields o-xylidino and o-xylyleno-p-diamine 
CJ 8 H 2 Me 2 (N H 2 ) 2 [l :2:3:6]. The hydrochloride 
dissolves in phenol with a red colour. 

m-Xylene-p-azo-p-xylidine 
[2:4:1] O e H ; ,Mo 2 -N 2 -C tf H 2 Me 2 (NH 2 ) [1:2:5:43. 
[111°]. Red plates. 

Preparation : 50 c.o. of a solution of sodium 
nitrite containing 227 grins. NaN0 2 per litre aye 
added to a mixture of 20 grras. of p-xylidine 
and 26 grms. of hydrochloride of m-xylidine 
C # Hj,Me 2 (NlI 2 ) [1:3:1]; the diazoamidc so formed 
fs dissolved in 20 grms. of p-xylidinc and gently 
warmed with 4 grms. ofp-xylidene hydrochloride. 

Reactions .—On reduction it yields w-xylidinc 
andp-xylylonc-p diamineC 6 II3Ie..(NH 2 ) 2 [l:4:2:5]. 
The hydrochloride dissolves in phenol with a 
red oolour (Niolzki, B. 13, 470; Noiting a. 
Forel, B. 18, 208G). 

p-Xylene-p azo-p-xylidine 
[2:5:1] O.H 1 Me i -N 2 -C 6 H 2 Me 2 (NH 2 ) [1:2:5:43- 


[150°]. Red plates (from aloohol). Prepared 
from p-xylidine CjB^MejfNH,) [1:4:6] by the 
same method as that described under m-xylene- 
o-azo-m-xylidine. On reduction it yields p- 
xylidino and p-xylylene-p-diamine C H H 2 Me..(NH 2 ) s 
[1:4:2:53- The hydrochloride, is red, and dissolves 
in phenol with a violet-red colour (Noiting a. 
Forel, B. 18, 2085). 

o-Xylene-oazo-o-xylidine 
[3:4:1] CJl.,Mc..-N.,—GI(..Mc,(NH.,) [1:3:4:61 or 
Nlly 

| XILMe*. [179°]. Yellow 
C (i H u Mo,—N.JK 

plates. SI. sol. alcohol. Prepared from o-xylidine 
C 0 H u Mo 2 (NII.) [1:2:4] by the same method as that 
described under m-xylene-o-azo-w-xylidine. On 
reduction it gives riso to o-xylidinn and o- 
xylylene-o-diaminc C 6 lI.Me 2 (Nll.). 2 [1:2:1:5], Its 
hydrochloride dissolves in phenol with a green 
colour (Noiting a. Forel, B. 18, 2085). 

DIAZO-COMPOUNDS. A class of bodies 
formed by the action of nitrous acid upon 
primary amido- compounds: X.Njl 1 3 + (bN.OII = 
X.N. 2 .OII + ILO. They contain a pair of nitrogen 
atoms (Fr. azote) which aro united to only one 
hydrocarbon radicle, whilst in thoazo- compounds 
the N 2 group is united to two hydrocarbon 
radicles X.N 2 .Y. Tho diazo-radicles X.N' 2 can¬ 
not of course exist in the free state, but they 
occur as hydrates X.N 2 .OH, chlorides X.N. 2 .C1, 
amides X.N. 2 .NiIR, Ac. For the sake of con¬ 
venience reactions will usually bo represented 
in this article as talcing place with the hydrates. 

The dia/.o- salts X.N„A may be regarded aa 
derived from tho salts of amines X.NU a A by 
the displacement of 1I 3 by N. This nmy take 
place in two ways. According to Kekulc’s 
view, which is that most generally adopted, both 
nitrogen atoms are trivalent: X.N:N.A. On tho 
other hand, Blomstrand (Chcmie der Jetzlzcit, 
p. 272, and B. 8, 61) assumes that tho nitrogen 
attached to tho carbon is pontavalent: X.N.A; 

N 

Slrccker (B. 4, 780) and Erlenmoycr (73. 7, 1110) 
also concur in this view. Tho reduction of 
diazo-compounds to hydrazines, which have the 
undoubted constitution X.NH.NIL, E. Fischer 
(A. 190, 07) regards as a proof of the correct¬ 
ness of KokuhS’s formula, sinco a body of the 
constitution X.N.A would, he considers, give on 
N 

reduction X.NH 2 . Crum Brown, however, has 
NEE 

pointed out in a private communication that * 
this argument is fallacious, sinco the product 
of the reduction is not a hydrazine itself but a 
hydrazine-salt, and X.JS.A, by adding II 2 to each 
N 

N, would give the hydrazine salt X.l^H.A. He 
NflJ 

considers tho pentad N in the salts of hydra¬ 
zines is most probably that connected to the 
hydrocarbon nucleus, in which case to explain 
their formation by adoption of KekuhVs formula 
would necessitate a shifting of tho acid from 
one N to the other. The strongest argument 
against Kekul6’s formula is that it represents 
diazo- salts, by not containing pentad nitrogen, 
as differently constituted to tho salts of all 
other nitrogen bases. On the other hand, tlw 





808 


MAZO-COMPOUNDS. 


formula X.N-A would necessitate a rearrange- 
N 

went of the molecule in the formation of azo- 
eompounds which undoubtedly liavo the con¬ 
stitution X.N:N.Y. 

The simplest member of the series H.JL.OII 
should bo formed by tho action of nitrous acid 
upon Nil,; but it has not yet been obtained, 
probably by reason of its cxlremo instability. 
Tin) best-known diazo- compounds are those 
derived from aromatic amines and amido- com¬ 
pounds, some of which are tolerably stable bodies. 
No diazo-compounds liavo at present been ob¬ 
tained from fatty amines, for, like the first 
member of the series, II,N,.OH, they are so un¬ 
stable that they are probably scarcely capable of 
existence, and at once break up into tho alcohol 
and N 2 . Tho only known fatty diazo- compounds 
are a few which have lately boon prepared from 
fatty amido-others (e.g. glycocoll). In their con¬ 
stitution they differ from the aromatic diazo¬ 
hydrates by containing a moleculo of water 
less; (EtO.,C)CIL.N,.OH -ILO «(Et(XC)CH:N.,. 

A. Aromatic diazo-compounds. ‘Tho dis¬ 
covery of tlieso bodies, and a largo portion of 
our knowledge concerning them, are due to P. 
(iriess _(.!. 100, 123; 118, 201; 117, 1; 120, 125; 
121, 257; 137, 30; Ac.), who, in a series of 
classical researches, opened up a field of in¬ 
vestigation which in a few years has produced 
more discoveries of scientific interest and prac¬ 
tical utility than almost any other branch ol 
organic chemistry. 

Formation.-1. by tho action of nitrous 
acid, or any compound readily forming nitrous 
acid (e.g. NOC1, NOUr, SO.(OH)(NO„), zinc-dust 
and 11N0„ Ac.) upon salts of primary amines.— 
2. By oxidation of primary hydrazines (K. Eischcr, 
A. 190, 97). 

Preparation .—Tho details vary vcvv much 
with individual cases and the purposes for 
which tho diazo- compounds nre required. The 
amino can be dissolved in water, alcohol, acetic 
acid, HC1, IPSO,, Ac., and can then bo treated 
with nitrous acid gas, sodium nitrite, or a 
nitrous ether. When required in the solid form, 
a common method is to mix the nitrate of the 
amine with a little water, cool in a freezing- 
mixture, and saturate with N,0, gas; tho diazo- 
nitrate is then ppd. by addition of alcohol and 
ether. Diazo-compounds can also bo isolated 
from their aqueous solutions by ppn. as platino- 
ohlorides, pcrbromidcs, piorates, sulphites, do. 
Wlicn tlio diazo- compound is required for a 
subsequent reaction if, is seldom necessary to 
isolate it, but tho compound can bo prepared 
under the conditions suitable to tho second re¬ 
action. For instance, when the diazo-compound 
is to be conjugated with an amino or phenol to 
form an azo- compound, tho amino is usually 
dissolved in water containing 2 mol. of HC1 for 
each Nil., group, cooled by addition of ice, and 
mixed with an aqueous solution of sodium 
nitrite (1 mol. to each NIL). Tho solution of 
the diazo-chloride thus prepared can be at once 
treated with n solution of tiie phenol or amine. 

The diazotisation of simple amines, in not 
too dilute solutions, usually takes place quanti¬ 
tatively, and the reaction is tolerably rapid, 
ror instance, tho diazotisation of aniline in a 
10 p.c. solution is so complete wdthiu an hour 


that it forms the most aoenrate method of esti. 
mating nitrous acid or aniline (Green a. Ridcal, 
G. N. 49,173; Green a. Evershed, S. G. I. 1886, 
633). The greater the molecular weight of tin 
amine the slowor and less complete is the diazo¬ 
tisation. The diazotisation of heavy amido- 
bodies is facilitated by the presence of a very 
largo excess of mineral acid, using as little 
water as possible. Alcohol in many cases 
appears to have a contrary effect. Amido- groups 
cannot be diazotised unless combined with an 
acid; thus if the ordinary liydrochlorido of p- 
phenylenc diamino C B n i (NH,.)(NII.,Ci) is treated 
with TINO, only one NIL group is diazotised; 
but if a iargo excess of HC1 is employed so that 
C„H,(NH,C1).; is present, both NIL groups nre 
diazotised. The final products of the action of 
nitrous acid upon tho mono-acid salts of di¬ 
amines vary with the constitution of tho latter. 
Thus o-phcnyleno diamine gives azimido- 
benzene: 


C„H ) (\IL).N..OII-n,0 



m - Phenylono diamine gives tri - amido - azo- 
benzene, thus: C li H l (NH,d.N.,.OII + C.H,(NIL).. = 
C„H 1 (N1L).N,.G„II ;I (NH,). J +‘lLO. Whilst the 
diazo - compound C u lI,(NIL).N..OH [1:4], from 
j)-phenyleno diamine, does not undergo any 
further transformation. The di-amido-benzoia 
acids react with nitrons acid in an exactly 
similar manner according as the NIL groups 
are o, m, or p to each other (Gricss, B. 17, 607). 

Propertius .—The diazo- salts arc in general 
very unstable crystalline solids. When dry they 
often decompose with detonation, by heat or per¬ 
cussion. Their solutions slowly decompose at 
the ordinary temperature, more quickly on heat¬ 
ing, with evolution of nitrogen. The hydrates 
aro even more unstable than the salts, and have 
scarcely ever been isolated. The stability is 
increased by substitution in the nucleus; thus 
diazo-benzene-sulphonio acid is more stable 
than diazo-benzeuo. Tho diazo- derivatives of 
substituted phenols and of o- and p- sulphonic 
acids usually occur in tho form of anliydro- com¬ 
pounds, c.g. 


C,II ! Br s <^|j 0H - H 2 0 - CJLBiz<Q\ and 


° S H 1 <S() H 1 - II 3 0 = O.H/'f . In a similar 

“ \so, 

manner o-amido-diazo- compounds form inner 
amides (e.g. azimido-benzeno, v. supra). 

Reactions .—The diazo- compounds are ex¬ 
tremely prone to undergo reactions; they play a 
most important part in organic syntheses and 
tip) determination of the constitution of isomerio 
aromatic compounds, by serving as an inter¬ 
mediate stage by means of which NII 2 groups 
can bo replaced by H, Oil, Cl, Br, I, ¥, CN, 
SH, NO,, &c. Their power of combining with 
amines and phenols to form azo- compounds 
renders ''them of great technical importance 
for the production of colouring-matters, for 
which purpose they are prepared in large quan¬ 
tities. The majority of their reactions consist 
in the evolution of N 2 , and its replacement by 
the atom or group (Cl, OH, <ftc.) previously 
united to it. 
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1. By heating the aqueous solution nitrogen (Griess, B. 18, 960; Gasiorowski a. Way as, B. 
Is evolved, with formation of the corresponding 18, 1936). 

phenol: X.N 2 .OH-X.OH + N 2 . The best methyl 12. The same replacement is most readily 
is to dissolve the amine in a considerable excess effected by treating the aqueous solution of the 
of dilute H 2 SO„ diazotiso by adding NaN0 2 to diazo-chloride with cuprous chloride, which 
the iced solution, and finally heat to boiling. appears to act by intermediate formation of an 

2. When heated with strong alcohol the i addition product R.N.XI, CuXL.. (a) A 10 p.o. 

normal reaction appears to bo the replacement j solution of CuXL, is prepared by adding 100 pts. 
of the N 2 group by OKt, with formation of i of cone. 11C1 and 13 pts. of copper turnings to a 
ethoxy- compounds (Wroblowslft, Z. 6, 161; B. j hot solution of 25 pts, of crystallised CuS0 4 and 
17, 2703; Haller, B. 17, 1887; Hofmann, B. 17, ' 12 pts. of NaCl, boiling till decolourised, and 
1917; liemsen, Am. 8,213; B. 18, 05; llayduck, 1 making up the weight to 203 pts. with cone. HC1. 
A y 172, 212; Zander, A. 198, 25; Heftier, .4. A dilute 1IC1 solution of the diazo- compound is 
221, 352; Pay sail, A. 221, 212, 303; Mohr, A. I allowed to run slowly into Iho above solution 
221,222; Hesse, A. 230, 293). J (about 5 times the weight of the amine used) 

3. Under certaiu circumstances, at present j heated nearly to boiling; the product, if volatile, 
undetermined, the reaction with alcohol takes a | is distilled with steam, or it is separated and 
different course, resulting in the substitution of ' purified by crystallisation. (/>) In most cases 
H for tlio N., group, with production of the cor- instead of separately diazotising the amine, its 
responding hydrocarbon together with uldehvde: solution in dilute II Cl can be mixed with about 

X.N...OI1 + C..H*0 - X.H + C.H ,0 + N 2 + ILO j 5 pts. of the 10 p.c. Cu.CL. solution, and a sola- 

(Griess). (a) The amido- compound is treated tion of tho calculated quantity of NaNtX run 
with a solution of nitrous acid in absolute alcohol, 1 into the nearly boiling mixture (Saiidineyor, B. 
warmed till nitrogen comes off freely, allowed 17, 1033, 2650; Lehmann, B. 19, 810). 
to cool, resaturated with N 2 0 3 , and the opera- ' 13. Tlio pcrbromitles (<}■ v.) of diazo- com- 

tion repeated until but little gas is evolved on pounds, on heating by themselves, or with dry 
heating (Neville a. Winthcr, C. J. 37, 452). NhX 0 3 , or best by boiling with glacial acetic 
(b) Tho amido-compound is dissolved in a con- j acid, yield bromo - derivatives: X.N 2 .Br s -~^ 
sidcrablo excess of cone. II ,SO,, the solution X.JIr + Br. + N., (Neville a. Winthcr, C. J. 37,452). 
diluted with a small quantity of water is cooled 14. Tho replacement of N a by Br is also 
in a freezing-mixture, and tlio necessary quail- effected by boiling tho diazo- compound with 
tity of solid sodium nitrite added. When diazo- laming HBr in large excess: X.N„.Br X.Br + N 2 
tised tho solution is poured in a thin stream I (Griess, B. 18, 969; Gasiorowski a. Wuyss, B. 
into two or three times its bulk of alcohol; the 18, 1936). 

mixture becomes warm enough to complete the 15. The same replacement io most con- 
reaction without further heating (Meldola, C. J. veniently effected by means of cuprous brovdde 
1885, 507). (c/. reaction 12). A solution of 125 pts. of 

4. Mercaptan , when heated with diazo-com- crystallised CuSO, ( 2 mol.), 360 pts. of KBr (3 

pounds at 170°, behaves similarly to alcohol in mols.), 800 pts. of water, and 110 pts. of cone, 
reaction 3, causing the displacement of N s by R.SO, (1 mol.), is boiled with 200 pts. of copper- 
hydrogen with simultaneous formation of di- turnings till decolourised. Tho amino (1 mol.) 
ethyl-di-sulphide (Schmitt a. Mittonzwey, J. pr. is then added, and into the mixture, heated 
126, 192). nearly to boiling, is slowly run a solution of 

5. The displacement of the N 2 group by n is 70 pts. NaNO._. (1 mol.) in 400 pts. of water 

also effected by reduction to the corresponding (Samlmeycr, B. 17, 2050; 18, 1492). 
hydrazine (q. v.), and treatment of this with 16. J3y boiling diazo-compounds with aqueous 
CuSO, or FeX! H (B. 18, 90). HI the N._> group is replaced by I forming iodo- 

6. Reduction of a diazo-chloride with excess compounds : X N r I ~ XI + N 2 (Griess, B. 18, 
of SnCl 2 also effects the displacement of N„ by 11: : 960). 

X.N 2 C1 + SnCL, + ILO = X.H 4SnOCL. + HOI i N a . j 17. By boiling with HF the N, group is ro- 
A dilute aqueous solution of the diazo-chloride ! placed by F giving fluoro- compounds: X.N 2 .F=» 
is treated with au excess of SnCL, at 0°, and ' X F 4 N, (Griess, B. 18,960; Paterno a. Oliveri, 
finally heated for two hours with an inverted ! G. 12, 85; 13, 533; Walloch. A. 235, 255). 
condenser; the yield is good (Fffront, B. 17, 18. By lieating diazo- salts with Ca,(ON) 2 the 

2329; Gasiorowski a. Wayss, B. 18, 337). N 2 group is replaced by CN (cf. reactions 12 and. 

7. By treatment of a cold solution of a diazo- 15). The nitriles so formed can be converted 
compound in cone. IICl with (2 mols. of) SnCL, into carboxylic acids by saponification, so that 
the corresponding hydrazine [g. v.) is produced : by means of this reaction an Nil., group can be 
X.No.Cl 4 2SnCL + 3HC1 -X.NJI.NH.,4 2S»iCV replaced by CO.JI. 28 pts. of KCN (90 p.c.) are 

8. The reduction of the sulphites of diazo- added to a hot solution of 25 pts. of crystallised 

compounds with S0 2 , or with zinc-dust and CuS0 4 in 150 pts. of water; into this solution, 
acetic acid, also gives rise to hydrazines. heated to about 90°, is slowly run an aqueous 

9. By heating with dilute IINO„ nitrated solution of the diazo-chloride. If the nitrile is 

phenols are obtained (No!ting a. Wild, B. 18, required for conversion into tho acid, it is not 
1338). always necessary to isolate it, but the crude pro- 

10 . Tho platino-chloridcs on distillation with duct of tho reaction can be at once saponified 

dry NaXO, yield the corresponding chloro-dori- (Sandmeycr, B. 17, 2650; 18, 1492,1496). 
vatives: (X.N 2 .Cl) 2 PtCl 4 = 2X.C1 + 2N 2 4 PtCl,. 19. By the action of a warm alcoholic solution 

11. The replacement of N 2 by Cl is also of K 2 S the N 2 group is replaced by SH, thus: 
effected by boiling the diazo-compound with X.N 2 .SH = X.SIl4 N s . The mercaptans so formed 
fuming HC1 in large excess : X.N 2 .C1» X.C14 N, can be converted into sulphonic acids by oxida- 
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tion with cold KMn0 4 ; so that by means of does not contain any free para- or ortho-position 
this reaction an NH 2 group can be replaced by the formation from it of an amido-azo- compound 
SO,H (Klason, B. 20, 349). does not appear to be possible. When a diamine 

20. Hydric sulphide converts diazo-benzene contains displaceable H atoms para to each NIL 

Into phenyl sulphide (C^HJ-.S (Gracbo a. Mann, group, it is capable of reacting with 2 mols. of t 
B. 15,1083). diazo- compound to form a disazo- compound: 

21. Diazo-compounds combine with ethyl 2X.N...OH H.,.Y iv (NH.,)., = 

mercaptan to form unstable bodies X.N r SMt, (X.N 2 ) 2 Y ,r (NIL)., + 2lf,6. 

which when boiled with alcohol yield sulphides: 28. Diazo-compounds* readily react upon 

X.N 2 .SJ0t- X.SEt i N„ (Sladier, B. 17, 2075). phenols and their sulphonic and carboxylic acidi 

22. By heating witb acetic anhydride, acetyl- in alkaline solution, forming oxy-azo-com 
ated phenols aro formed: X.N..OH-I Ac.X) = pounds X.N 2 .OH + H.Y" OH = X.N...Y".OH + H.() 
X.OAo + N 2 + AcOH (Wallach, A. 235, 234). Compounds of the form X.N 2 .OY'analogous tc 

23. BO_ in presence of boiling alcohol con- the diazo-amides have never been obtained. The 

verts some diazo-compounds into the corrc- above remarks (reaction 21) with regard to the 
Bponding sulphonic acids: X.N..OII +S0 2 - position taken by the diazo- group in the benzene- 
X.S0 2 .0H + N 2 (fliibner, B. 10,1715). nucleus apply equally to oxy- and to amido-azo 

24. Alkalis give insoluble pps. of complex compounds. Also, the di-oxy- compounds, simi 

constitution (Frankland, C. J. 37, 750). larly to diamines, can give rise to disazo- 

25. Action of cyanogen compounds (?>. Griess, compounds (X.N 2 )*Y i, (01I) : . when they contain 

B. 9,132; 12, 2119; Gabriel, B. 12, 1037). displaceable II atoms para to each Oil group. 

20. Cuprous nitrite replaces the diazo group 29. Diazo- compounds readily react witl 

by NO* The amino (1 mol.) is dissolved in pyrrol, with formation of azo- and disazo-bodies 
exactly 2 mols. of dilute IlNO a (or 1 mol. of X.No.CjII.NII and (X.N,.),.C,II..NM, but no com 
dilute ILSOJ and tho iced solution treated with pounds analogous to diazo-amides (O. Disc her a 
one half of a solution of 2 mols. of NuNO* tho Mepp, JJ. 19, 2251). 

other half being added when the diazotisalion 30. Piperidine , on tho other hand, gives rise 
is complete. Tho solution of the diazo-nilrite to piperidides X.N,.NC S H, 0 (O. Wallach, A. 235 
is added to ft paste of 1 mol. of Cu 2 0 (obtained 233). 

by reducing On SO, with glucose and NaOH) 31. Amido-thiaphene, unlike aniline, does not 
and the decomposition allowed to proceed in appear to form diazo-amides when treated with 
the oold. The yield of nitrobenzene from aui- dia/o- compounds, but gives at once amido-azo 
lino is 42 p.c. of tho theoretical, but with other compounds X.N 2 .C 4 SiI...NJI 2 (Stadler, B. 18 
bases it is smaller (Bandmeyor, B. 20, 1494). i 231^). This is no doubt duo to the tendency tc 

27. Primary and secondary amities, react at ■. replacement of tho hydrogen being greater in the 
once with diazo- compounds forming diazo-amides j thiophene ring than in the benzene ring. 

(#.?’.): X.hL.OU 1 ILN.Y-X.No.NJlY + JLO. In j 32. Diazo-compounds react with those, bodies 
these, bodies the diazo-radicle replaces II united ; of the fully series which contain H united to C, 
to N, and on treatment with excess of acid they ; replaceable by sodium, e.g. nitro-inethano, nitro- 
readily regenerate tho dia/.o- compound and . ethane, malonic ether, acelo-acetic ether, other 
amine. When diazo- compounds act upon sails t ketonic ethers, etc. The products are mixed 
of aromatic amines, the diazo- residue may re- ; azo- compounds: those from nitro-methane, for 
place H in tho carbon-nucleus, with formation of ; instance, have the constitution X.N., Cli,(NO) 
amido-azo- compounds: X.N».OII + HY ,/ .NH 3 -* ; (Meyer, B. 8 , 751,1073; 9, 381; Zublin, B. 11 , 
X.N.„Y".XH,,-t ll.O. Ju the case of tertiary j 1117; Kappeler, B. 12, 2286; Kichtcr a. 
aromatic amiiK-s Dm latter reaction is the only Miinzer, B. 17, 1926; Griess, B. 18, 961- 
one possible, but with primary and secondary Bamberger, B. 17,2415; 18,2563). 
aromatic amines the replacement in tho nucleus j Salts.—The diazo- salts have the general 
may be preceded by the formation of a diazo- ! formula X.N...A. They aro mostly white crys- 
amido, when there is no large excess of mineral , talline solids, very easily soluble in water, but 
acid present. Tho readiness with which amido- j sparingly in alcohol and ether. They are 
azo- compounds are formed varies greatly with j usually very unstablo, and in tho dry state are 
tho amino: in some cases (e.g. (a)-and (#)-naph- often very explosive, especially the nitrates 
thylamine, phcnylene diamine, Ac.) tho replace- : and picrates. By the action ot ICSO 3 upon 
inent in the nucleus appears to take place almost diazo- chlorides, sulphites aro formed of 
instantly; in others (c.flCaniline) the reaction, at tho constitution X.\ 2 .SO ; ,K. Stannic and 
tho ordinary temperature, takes several hours cuprous salts give double compounds of 
for its completion, allowing the intermediate i tho formula (X.N 2 .Cl) e SnCI 4 , (X.N 2 .Cl)Cu a Cl 2 , 
formation of the diazo-amide (Friswell a. Green, I (X.N.,.Br)Cu 3 Br 2 , Ac. (Griess, B. *18, 965 ; 

C. J. 1885, 917; Proceedings 1887, 26). In j Letlmann, B. i9, 810). The platino-chlorides 
many cases the formation of an amido-azo- | (X.N ,.Cl).l>tCl, aro sparingly soluble pps. An 
compound will take place in presence of a largo 1 excess of bromine produces yellow or red pps. 
excess of arid, under which conditions the forma- j of tho por-bromides X.N.Br 3 . Tho diazo- 
tion of a diazo-nmide is precluded. In tho for- i sulphonic and carboxylic acids form salts 
mation of amido-azo- compounds of the benzene X"(Sl> l MLN,..on with bases, as well a 3 
aeries the diazo-residuo enters in the para- posi- X"(St>.}| ).N T * A with acids. 

tion to tho MJI, group; but when this place is Amides. As already mentioned ( reaction 
alroady occupied it lakes tho ortho- position. 27), tho action of primary and secondary aminea 
The ortho-amido-azo- compounds appear to bo upon diazo- compounds gives rise to diazo* 
differently constituted to the para-ainido-azo- amides of tho general formula X.N 2 .NHY, or 
oonipounds (u. Azo-co-urouNDa). If tho amiue X.N a .NY,Y 2 . Thus diazo-benzene and aniline 
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Idiazo-benzene-anilide(diazoamidobenEene): 
lI s .N.,.OH + CjH v NK,» C JI,.N r NH.C„H s . 

bodies are in general yellow crystalline 
, stable below 100° when free from acid, 
treatment with an excess of mineral acid 
are resolved, even in the cold, into the 
salt and amine. When the amine is 
Jitic the resolution products again slowly 
bhine, if the conditions are favourable, to 
|ce an aniido-azo- compound X.N. J .Y' , .NH i 
p*ic with the original diazo- amide. The 
Etion and recombination take place con- 
_ 1T .btly when the diazo-ainidc is treated with 
'.fjgjty!. of cold dilute IICl, or with unstable 
fpjjCsuch as ZnCl-p CaCL, aniline chloride, Ac., 
ivliwoholic or aniline solution (Friswoll a. 
■mn, C. J. 1885, 017 ; Wallach, A. 235, 233). 
<$181 a diazo-amido is treated with a salt of a 
indifferent from that of which it is a com- 
MUid, the diazo- salt generated will react upon 
base of the two whose nue.Ieal hydrogen is 
♦jbslxeadily replaced. Thus diazo-benzenodi- 
’4^jjl-ttrnido C 0 lI..N...NMe, ; treated with aniline 
qlqfrdo gives amido-azo-benzene and di- 
ib^yl-amiiio; similarly, duizobenzcne-unilido 
.N1IC ( ;II 5 treated with m-phenylenc- 
;tiEUE&Sii(3 hydrochloride yields di-amido-azo- 
:*Olftr |e C u iI i .N 2 .C ( JI 3 (NIL)., l whilst aniline is 
free; but diazo-benzene-anilide treated 
-toluidino hydrochloride gives amido-azo- 
.ofiiwne and p-toluidinc, because tho para H of 
-ffl’*niline is more readily replaced than tho 
..“tho If of the p-loluidine. Fven very weak 
such as acetic acid and phenols, are capable. 
f ; ipsolvirig most diazo-amides. In tho latter 
Wj^the diazo- compounds produced immediately 
with the phenol to form oxy-azo- com- 

f nds, for diazo- residues replace the hydrogen 
tho nucleus more readily in phenols than 
1 amines (Ucurnann a. Oeconomides, IS. 20, 
01 ). 

In general it may be said that the reactions 
jbf the diazo-amides towards reagents in presence 
bf acids, are simply tho reactions of the froo 
diazo-salts; thus SnCl 2 and IIC1 reduce them 
[to hydrazines (cf. reaction 7); heating with 
Jetrong halogen acids gives haloid derivatives of 
fthe hydrocarbons (cf. reactions 11, 14, 16, and 
f 17); Ac. 

It appears to be proved (Griess, B. 7,1619 ; 
Nolting a. Hinder, Bl. 42, 336; Meldola a. Streat- 
feild, C. J. 1887,102, 434) that the diazo-amides 
of the types X.N r NHY and Y.N 2 .NIIX arc iden¬ 
tical—that is, the samo body is obtained which¬ 
ever of the two amines is (liazotised and com¬ 
bined with tho other. Tho resolution of these 
nnsymmetrieal diazo-amides quite corresponds 
to their formation, for they yield a mixture of 
both diazo- compounds X.K.01I and Y.N 2 ()H, 
and both amines X.NIL, and Y.NIL,. For m- 
stance, tho compound C (i H v N 3 H.C.II, is obtained 
by combining either diazo-benzene withp-tolui- 
dinc, or p-diazo-foluene with aniline; and on 
treatment with HCl it splits up equally into 
diazo-benzene, p-diazo-toluonc, amh'n,e, and p- 
toluidine. When only 1 mol. of HCl is present 
these resolution products will recombine to form , 
one or more amido-azo- compounds according to 
circumstances. 

Alkalis, even in boiling aqueous or alcoholic 
solution, usually have no action upon diazo- 

VOL. I. 


amides. Tho H of the NH group of the primary 
diazo-amides appear? to have slightly acid pro¬ 
perties, and by introduction of NO a groups into 
the nuclei the diazo-amide becomes sufficiently 
acid to dissolve in aqueous alkalis and form 
tolerably stable salts X"(N03.N...NM'.V(N0 2 ) 
(Meldola a. Streatfcild, C. J. 1886, 624; 1887, 
102, 434). 

I5y tho action of alkyl haloids upon tho 
primary diazo-amides dissolved in an alcoholic 
solution of (1 mol. of) sodium ethvlafe secondary 
diazo-amides are obtainc l (M. n. S.; Friswell a. 
Green, IS. 19,2031; C. J. 1886, 746). When the 
two aromatic nuclei are the same the secondary 
diazo-amides obtained by alkylation are identical 
with those got by direct combination of tho 
diazo- compounds with secondary amines. Hut 
according to Meldola and Streatfcild (C. J. 1887, 
134) the compound obtained by ethylating 
the unsym metrical w-nitro-diazo-benzono-p- 
mtranilido [3:1] C tt H l (NO..).N. l lI.C te H 4 (NO.,) [1:4] 
(which is obtained either from w-nitro-dinzo- 
benzeno and p-nitraniline, or from p-nitro- 
diazo-benzeno and Wi-nitraniline) is differont 
' from either of the two ethyl-derivatives 
j [3:1] 0,11 ,(N0 2 ).N 2 .N Kt.C.,11 ,(NO„) [ 1:1) and 
I [4:1] C ti ll l (NO !t ).N 8 .NKt.CJI l (NO s ) 11:3], obtained 
! by combining in- and p-nitro-<linzo.benzene with 
1 ethyl-p-and m-nitraniliues respectively. The two 
| latter ethyl derivatives arc split up by acids into 
m-nitro-diftzo-benzene and cthyl-pnitranilinc, 
and p-nitro-diazo-benzeue and ethyl-w-nitranil- 
: ino respectively; but tli; formor ethyl derivative 
(obtained by ethylation) yields both diazo-com- 
pounds and both ethyl-nitranilinea in about 
equal amounts. 

Constitution of diazo-amides. —Although a 
considerable amount of work has been done on 
this bubjeet, the matter is still far from settled. 
Tho formula X.N — N.Y is disproved by the 

\/ 

Nil 

resolution of tho alkyl derivatives into diazo- 
compound and alkylated amine, since the latter 
could not bo obtained fr. m a compound of that 
structure (Friswell a. Green, G. J. 1886, 746,and 
IS. 19, 2034). Tho formula X.N.NUY does not 
N 

appear to havo much probability, since one 
would expect a body of the constitution 
C I> 1I.,.X.M11CJI S to givo on reduction Nil, and 
N 

hydrazobenzenc ; theso bodies, however, are not 
formed from diazo-benzene-anilide, even by 
adding sodium to its boiling alcoholic solution 
(F. a. G.). Neither tho latter formula nor that 
usually assumed X.N:N.NHY is capable of ex¬ 
plaining the existence of more than twoisomerio 
alkyl derivatives. 

For further references concerning the diazo- 
amides see Bayer a. .Tiiger, JJ. 8, 148, 893; 
Saranw, IS. 14,2142; 16, 42; Nolting a. Bau¬ 
mann, Ii. 18, 1147; Staedel a. Bauer, IS. 19, 
1952; Wallach, A.235,233; Bernthscn a. Goske, 
IS. 20, 926. 

lmidcs.— Obtained by the action of NH, 
upon the per-bromides: 

X.N.Br, + NH, = X.N<^ || + 3HBr (Griess, A, 

137, 65; B. 18, 963). They are ulso formed by 

Dl) 
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the 


decomposition 
✓N 


of nitroso-hydrazineB: 

tN ^No'” X Xj +Hj0 (Fisoher, A. 190, 

92, 9G). They aro usually yellowish oily liquids, 
insoluble in water, exploding when healed. 
When heated with cone. IIC1 they arc converted 
into chloro-amido- compounds: HX".N 3 + JIC1 -- 
X"CI(NJL) + N 2 . Diazo-benzene-imide heated 
with 1LNO, diluted with an equal volume of 
water is converted into p-amido-phenol: 
C s M 5 .N,+ tl.O CJl,(01t)NH..4 N.. (Griess, li. 
19, 313; Fischer, A. 190, 07; 232, 230; 
Silberstfdn, J. pr. [2] 27, 110). Piazo-bonzoic 
acid reacts with phenyl-hydrazine, forming the 
imides of diazo-benzoic acid and of diazo-ben- 
zene together with amido-bcnzoic acid and ani- 
y CO., 

line, thus: 2C u ll/ | * + 2C l H a NII.NU 3 = 

\N, 

c„ir,(co..H).N<|J+ cjr,.N<-J + 

C # U/Nfr.)C0 2 lI. 0„H s .Nir r Xlii* equation Is 
general (Griess, B. 20, 1528). 

Diazo - compounds derived from 
o-amido-azo- compounds. —Although the so- 
called o-amido-azo- compounds 2 >robabIy do not 
contain an Nil., group, but aro hydrazimido- 

vr rr NIIv 

bodies X'-N<£5>Y" or | >Y" 

X—NH.N / 

they are, nevertheless, slowly attacked by nitrous 
acid, with production of diazo- compounds. The 
only member of this class of diazo- compounds 
at present examined is that obtained by diazo- 
tising o-amido-azo-tolucnc. In some of its 
reactions it behaves liko an ordinary diazo¬ 
compound, in others quite differently. On 
heating with water or alcohol it is decomposed 
with evolution of nitrogen. Ily zinc-dust and 
alcohol it is converted into ?n-p-azotolucne and 
N 2 . It is not reduced by SnCl 2 or SO, to a 
hydrazino, but gives a stable compound C, ,H, ,N 4 
which probably lias the constitution 
N—NH 

C,H s (CH 3 )<^ j | This body is re- 

N-N.q.n.fcnj. 

converted by bromine into the per-bromide of 
the original diazo-compound. The diazo-imide 
loses nitrogen on heating, and yields tolyl- 

/ N \ 

azimido-toluene C fl H,(CH,K I J>N.C 6 H 4 (CH 3 ) 

'N ' 

identical with that obtained by oxidation of 
o-am ido -azo-toluen e (toly 1 -by draz imido -tol uene). 

* Hence the constitution* of this poculiar diazo- 
compound is probably 
.N—N.OH 

CAfOHJf | | (Zincke a. Law- 

\n-n.c 8 h 4 (ch 3 ) 

aon, B. 19,1452; 20,1176). 

3L Fatty diazo- compounds X' 


\ «• 
\n 


As 


■already stated, the fatty diazo- compounds con¬ 
tain a molecule of water less than the aromatic 
diazo-hydrates. Their discovery is quite recent, 
and is due to Curtius. At present only a few 
members of the group are known; these are 
obtained by the action of NaN0 2 upon the 
hydrochlorides of amido-fatty-ethers X" , H,.C0 2 B, 


and hence have the constitution X"TN 2 )CO,B. 
They are unstable oily bodies, wliicn exhibit 
the following reactions:—1. By boiling with 
water or dilute acids , they are usually con¬ 
verted into oxy-ethers, e.g. CH,(OH)COJEt, 
with evolution of nitrogen; however, diazo- 
C(N,).CO,Et 

succinic ether | by this treatment 

CIL.CO.Et, 

gives fumaric ether.—2. With alcohols they 
yield alkyl-oxy-ethers, e.g. ClL(OEt).CO..Et.— 
3. With organic acids they yield alkoyl-oxy- 
ethers, e.g. ClL(OAc).CO,Et.—4. With aldehydes 
they yield alkoyl-ethcrs, e.g. CILAc.CO.Et.—5. 
With zinc-dust and acetic acid , they are reduced 
first to hydrazines, and then to the original 
amido-ethers.—0. Iodine in ethereal solution con¬ 
verts them into didodo-ethers, e.g. CHL.COBt; 
bromino and chlorine act similarly.—7. By long 
boiling with aromatic hydrocarbons, nitrogen is 
evolved, ami condensation-products are formed.— 
8. By treatment with cone, halogen acids they 
yield haloid ethers, e.g. ClLCl.CO. Et.-- 9. By 
treatment of the diazo-others with NH., they are 
converted into the corresponding amides, e.g. 
ClI(N.,).CO.NIL, whose reactions are similar to 
those of the ethers. The free diazo-acids, e.g. 
CH(N,).COoII, and their sails, have not yet been 
isolated, on account of their instability (Curtius, 
B. 17, 953; B. 18, 1283; Buchner a. Curtius, 
B. 18, 2371 ; 19, 850; Curtius a. Koch, B. 
18,1293; 19, 2100). A. G. G. 


DESCRIPTION OF DIAZO- COMPOUNDS. 

A large number of diazo- compounds are 
mentioned under the amido- compounds from 
which they arc formed. 

Pseudo-diazo-acetamide C,.II„N s 0 3 . Formed, 
together with diazoacelamido, by prolonged 
action of strong aqueous NH., in the cold upon 
the methyl ether of diazoacetic acid ClTN 2 .C0 2 Me 
(Curtius, B. 18, 1287). Fine crystalline yellow 
powder, consisting of microscopic quadratic 
plates. SI. sol. cold water, dilute 1IC1, and 
acetic acid. Insol. alcohol, ether, and benzene. 
Dibasic acid. On warming with water it evolves 
nitrogen. Aqueous alkalis evolve nitrogen and 
ammonia. It gives a green colouration with 
Fehling’s solution; on boiling a black pp. is 
formed. Silver and mercury salts are reduced 
on boiling. 

Salts.-—A"(NH 4 ) 2 : small yellow tables; si. 
sol. cold water [c. 155°].—A"Ag 2 liaq: yellow 
microcrystalline pp., v. si. sol. water. Ex¬ 
plodes on heating.—A'Hg: ytdlow pp.—A"Cu* : 
sparingly soluble reddish-brown pp.—A"Pb: 
yellow pp. 

Diazo acetic acid ‘CIIN.,,C0 2 H. The free 
aoid and its salts have not boon isolated on 
account of their instability. The alkaline salts 
are obtained in solution by treating the methyl 
ether with cold aqueous alkalis. 

Methyl ether MeA'. (129°) at 721 mm. 
S.G. 211-139. 

Ethyl ether VAk'. [-24°]. (144°) at 721 
mm. S.G. 2a 1-073. Formed by the action of 
NaN0 2 on a concentrated solution of the hydro¬ 
chloride of amido-acetic ether. Yellow oil. V. si. 
sol. water; miscible with alcohol, ether, benzene, 
and light ’oetroleum. Explodes wher fsi'vwu 
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1,80, is poured upon it. Reactions.—1. Boil- 
ng water gives glycollio ether, nitrogen, and 
iloohol.—3.Boilingafco/iolgivesCH ? (OEt).00,Et 
ind nitrogen. — 8. Benzoic acid gives rise to 
3H 2 (OBz).CO,Et.--4. Reduces AgNO s in cold 
iqueous solution.—5. Reduces hot Ffilling's 
lOlution.—G. Zinc-dust and acetic acid form an 
instable hydrazo- derivative NlL.NHCIL.CO.Et, 
vliich is further reduced to ammonia and 
SH r CH„CO i {Kt. The hydra/.o- derivative re- 
luces cold Folding's solution.—7. Combines 
with aldehydes, thus: Pli.CHO 4- ClIN. : .CO.,Et - 
Ph.C0.CHj.C0 4 Et + N,.—8. Clianges on stand¬ 
ing into' azin-succinic ’ ether, C Jl,N..O s Et, [‘2-15°]. 

D. Roiling an ///reproduces NPhll.CJL.COEt.— 

LO. Cone.IIC1 givesClLCl.CO..Kt—11. Jlot cone. 
KOH forms a crystalline pseudo-diazo-salt 
whence boiling dilute H..SO, liberates hydrazine, 
NJ-I, (Curtins, B. ‘20, 163*2). 1‘2. Roiling aro¬ 
matic hydrocarbons produce condensation pro¬ 
ducts; thus benzene gives C,U,C0 2 Et (Buchner 
a. Curtius, 11. IS, 2871). 

Iso-amyl-el her C,,H n A/. (100°) at7‘20mm. 

A midc CllN^CONllj [lit 0 ]; yellow tables 
or prisms; v. sol. cold water or alcohol. Formed 
by the action of strong aqueous NH., upon tho 
methyl-el her. The aqueous solution decom¬ 
poses on boiling with evolution of nitrogen and 
formation of glyeollaniide. By treatment in 
alcoholic solution with iodine it is converted into 
(li-iodo-aeetamide CI1I 2 .C0NII 2 with evolution 
of nitrogen. It gives a blood-red colouration 
with AgN0 3 , and in a few moments a reduction 
to metallic silver. It also reduces IIg(N0 3 ) 2 
and Cu(OAc) 2 . With Fehling’s solution it pro¬ 
duces a red colouration, which becomes green on 
boiling (Curtius, B. 17, 053; 18, 1283). 

Diazo-amido-benzoic acid 

(3) /CO.O (i) 

C„Hj(NHX I • Obtained by adding 
\ N:N (6) 

sodium nitrite to a solution of (6:3:1)-p-di- 
amido-bcnzoic acid containing barely sullicient 
HC1 to dissolve it. Long slender needles, or 
four-sided plates. Yellow colour. Ritter taste. 
V. sol. hot water, si. sol. hot alcohol, insol. 
ether. Has no acid properties, but is a weak 
base. When dry it explodes on heating. It is 
decomposed by long boiling with water. It com¬ 
bines with aminos and phenols to form azo- 
compounds. 

Salts.—B 2 IIC1: white six-sided plates— 
I3 4 lI 2 Cl 2 PtCl 4 : sparingly soluble small yellow 
trimetric plates. -B,AuC 1 3 .I1C1: yellow insolu¬ 
ble needles (Griess, B. 17, 003). 

p-Diazo-aniline salts are formed by diazo- 
tising salts of p-plienylene-diamine (Griess, B. 
17, 607).—IL 2 )N 2 C1HC1Au 2 C1„ is an in¬ 
soluble pp. 

tn-Diazo-aniline imide || 

'N 

m-Amido-diazo-bcnzcne imide. Yellowish oil. 
Volatile with steam. Easily soluble in alcohol 
and ether. 

Preparation.—* m-Amido-phenyl-oxamio acid 
C u H 4 (NH 2 ).NH.C 2 0 2 .0His diazotised and conver¬ 
ted into the tribromide C tt H 4 (N2Br 3 ).NlI.C 2 0 2 .0H. 
By treatment with NH S this yields the imide 
0 8 H 4 (N 3 ).NH.C,0 2 .0H, whioh on boiling with 
aqueous KOI! "splits oil the oxalyl group with 


production of m-diazo-aniline imide. On diazo- 
tisation it gives a diazo- compound which com¬ 
bines with phenols and aminos to form azo- 
dyestulTs. Decomposes explosively on heating. 

Salts.—B'HCl: white soluble trimetrio 
plates.—B'..H..Cl.,PtCl 4 : yellow needles (Griess, 

B. 18, 003)* 

m-Diazo-aniline piperidide. 

Acetyl dcrivative 
CJI,(NIIAc).N...NC i H 10 . [101°]. From acetyl- 
w-tolylcne-diamino hydrochloride by diazotisa- 
tion and treatment with piperidino (Wullach, A. 

235, 200). 

(a)-Diazo-anthraquinone nitrate 
C U 1L,0 2 .N ,N0 3 . Formed by passing nitrous acid 
gas into a solution of (a)-amido-anthrnquinonQ 
in dry ether (Rutlger a. Petersen, .1. 100, 150). 
Powder, m. sol. water, v. sol. alcohol, insol. 
ether. When heated with water it gives N 2 and 
w-oxy-anthraquinonc. 

Diazo-benzene. lleferenccs : Griess, Tr. 1864, 
iii. 007; A. 113, 201; 137, HO. 

Hydroxide Ph.N 2 .OlI(V). On addingacetio 
acid to an aqueous solution of PU.N...OK a thick 
yellow oil is ppd.; this may bo diazo-benzene 
hydroxide. It is very unstable. 

Balts.-Ph.N.,.0K. A crystalline substance 
obtained by adding excess of cone, aqueous KOH 
to a saturated solution of diazo-benzeno nitrate, 
and evaporating at 100°. Detonates feebly at 
130°. V. sol. water and alcohol, insol. ether.— 
Ph.N.,.OAg: obtained as a greyish-white pp. on 
adding AgN'O s to an aqueous solution of the 
preceding; explodes when heated.— (Pli.N 2 .0) 2 Hg: 
white pp. got by adding IlgCl 2 to the potassium 
salt (Griess, A. 137, 57). 

Nitrate. — Ph.N.,.N0 3 . S.G.1-37. JI.F. 

-47,100 (Berthelot a. Vieille, C. Jl. 92, 1074). 
Prepared by passing nitrous fumes at 0° into 
an aqueous solution of aniline nitrate contain¬ 
ing undissolved aniline nitrate in suspension; 
ppd. by adding alcohol and ether. Needles; 
v. e. sol. water, m. sol. alcohol, insol. ether and 
benzene. Stable in dry air in the dark, but 
decomposed in moist air. Explodes at 90° 
forming CO, CH 4 , N, HCN, CII 4 , and C. The 
decomposition may be roughly represented thus: 
C u H 5 .N 2 .N0 3 = SCO + 3C + 511 + 3N. 

Reactions.— 1. Barium carbonate added to 
its aqueous solution produces Ph.N 2 .C 0 H v OII and 
C, h H 14 N 4 0 [131°]. This ‘ benzene-di-azo-phenol * 
is perhaps C li H i .N...C I1 H 3 (OH).N 2 .C ti lI 5 for it 
may be reduced by III to di-amido-phenol 
(P. F. Frankland, C. J. 37,751). It is soluble in 
NaOIIAq.—2. Aqueous NaOH, added to neutral¬ 
isation, gives the ‘ bcr.zne-di-azo-phenol ’ and a’ 
brown substance, C 3( ,H 23 N 5 0, insol. NaOHAq.— 
3. Aqueous ammonia produces diazo-benzene- 
anilide and two amorphous brown substances, 
C 18 II,,N 2 0 and C,.,H l3 N s O. The latter is very 
explosive and is decomposed by boiling HC1 into 
phenol, aniline, and N 2 .—4. Boiling dilute HN0 3 
(1 mol.) forms o- andp- nitro-phenol (Noltinga. 
Wild, B. 18, 1338).—5. Aqueous K 4 FeCy 8 forms 
a compound C 1 r H h N 2 , [160°] (Griess, B. 9,132), 

6. Potassic ferricyanide gives (C„H 4 N 2 ) 3 (H 3 FeCy 8 ) r 

7. Sodium nitroprussxde gives the compound 
CJI,N 2 HoFeCy s (N0)aq (Griess, B. 12, 2120).— 

8. Nitro-ienzyl cyanide and alcoholio KOH give 
a pp. of C 14 H 10 N 4 O 2 [202°] (Perkin, O. J. 43, 111). 

C hlorid e.—Ph.N a .Cl. Formed in solution 
D d 2 
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il2l,25sj. 

insiul »*tli. r . I Preparation. —A solution of 18 pts. of sodium 

' I’ei hrntn I’l). N .ttr r Formed by ! nitrite is added to u solution 50 pts. aniline, 

addin- hrmnim-' di:-iolv»d' in HClA-i to an j 15 pts. cone. JUS0 4 in about 1,500 pts. of water, 
a ,.i. ..Jniiun i,l n 4|iji/><b« ozone salt. liar .'ft tin* temperature of the mixture is kept for 15 
y.'llo-A ol. wubr and .-Lli-r, in. sol. cdd mins, between 25° and 30°, the pp. then filtered 

ilcohnl. G;v.i brouio Ih-h/ cm; when distilled ; off, washed, and dried; the yield is 98 p.o. of 
with N'» * ii. <>r win is healed with alcohol. j the theoretical (Staodel a. Hauer, If. 19, 19o2). 

Sulphate. Ph.N,.S»),I1. Ppd. by adding; J'ropnties. Golden plates (from alcohol), or 
nlnihol (ii \oh.) and *ether to a solution of ; large Hat prisms (from benzene). Explodes 
ilia/.olieii/* iif uiti.-.'e mixed v.ilh an equivalent bi '.veen 150’and 200 \ Insol. water, and dilute 
4|uanlitv "f i! so, pri .ms, v. e. ol. wah r, : a- ids, m. Rid. cold alcohol, v. sol. hot alcohol, V. 
V. hi. m» 1. alcohol, ii; .-I. ether. Explodes nl Ion '. | sol. ether and hen/.ene. 

Jhr i/ii n i <ie. C,lf N, nr < ! fi l I.. N _.CN, H < N. > Urartians. - 1. Hot cone. IIClAq splits it up 

T ,9 j. i-Veiii' I by the action of a diazo-beii/ono ! into jihenol, nitrogen, and aniline; cold IIClAq 
It on a solution «<f KCN. lbvidily decomposes gives aniline and diazobenzenc chloride, which, 
(Gabriel, Ii 12, 1637). if an excess (more than 1 mol.) of IIC1 is not 

Piertite. l’h.N'..O.C„H,(NO : ) J . Yellow present, recombine forming benzenc-azo-aniline 
needles, oMaineil by mixing solutions of diazo- ( 7 . t\). Unstable chlorides such as anilino 

benzene mtrat'* and sodium pierate. Very ex- hydroehloride or ZnCl 3 also effect the conver- 

plosive (Ihe yer a. t r, li. 8 , 981). sioii into berizene-azo-niiilino.—2. Bromine in 

S h Ip lute.- Tin- pot a ss i 11 in salt, 111 »r A«j gives diuznbenzeiio bromide and trihromo- 

CJI,.N ; .SO,K, called n\:.o fkilassium dinzobensnie aniline.- 3. The hydrogen atom of the NH-group 
sulphomit .■ is ppd. by adding KOIl to a mixture can bo readily replaced by alkyl radicles by 
of tliii/.nlu iizeiie nitrate and K._.St>,A«| (E. Fischer, treatment with aleoholic haloids, and sodium 
.1. 190. 73). It forms explosive yellow crystals, ethylate. The alkylated diazobonzene-anilules 
Hrmmtie in cone. IllJrAq pp.i. diazohen/.eim thus obtained are split up by acids into diazo- 
jierbroniide. Zinc-dud and acetic acid reduce b» uzene and the coney-pomling mono alkyl-ani- 
it t<» the corresponding hydra/.o- compound. line. A proof is thu> afford'd of the unsym- 
Silt its. Converted by Cu .0 into nitro-brn- metrical structure of the anilide, ami since tho 
zeiin (N.mdineyer, Ii 20 , l J07). only other possible formula CJI .A'.NIi.C,,!!, is 

I'ena-n »i - sulphinate l'h.N^.SiV.CJ I 1 N 

[76 V. From sodium benzene aulphinate and • excluded by tile fact thut the body is not reduced 
tlitizobeii/.eiie tiihate (Koiiig-i, Ii 10, 1532). i by alkaline reducing agents to hydrazobenzeno 
Oiun.;«* table t (from alcohol); in.sol. cold watt r, ami Nl!„ the formula 1’h.N .Nili'll is probably 
v. sol. alcohol ami offe r. com et (Friswell a. Given, ('. J. 19, 710; B. 

m-Totr azo bcuzmio U.llgN .Oil). [1:3|. 19, 2631). I. Ph.nol at 10() J gives benzene-;;- 

Forim «l bv the niimn of a large e\n ss of azo-pin 110 I. lio.-mein ami the naphthols act 
niirou.i uei 1 ui>o;i plti'iiyl. tie diamine in pro- | similarly (Heumann ft. Occonomides, B. 20, 
WIUV of a hllV.t 1 \et S!i of 111*1. It COlllbllie.i ; 372). 


b, di*ifitirinj uifline hydrochloride. Combina- 
twm. - (C.H.-.N X'I)>C1,: while plates, Mil, 
water, r. at. Mil. nlo.liol and ether fOriess, B. 18, 
m\. -(PliX i CI).l*tCI,: yeHow prisma, v. si. sol. 
water, insol. alcohol and ether. - I’hN^C-IAuCU; 
gold. ft nlatf 5 , in - **l. waf'-r, m. sol. warm alcohol. 

I,i "in i>lf. l'i;.N\.Ur. Formed by adding 
bromine t" :t:i eth-ivi! .ulutiwii "f dia/.o benzene 
ariilnl-, or by warning tin; pm bromide for ft long 
tin„ ; iv d li ether. J ’early plates, v. e. boI. water, 


The xbove diazo-benzenc-ftmido-benioio acid 
C H v N,.NH.C*H..CO a H ia identical with diazo- 
benzoic-ftcid-anilide, 0 # H 4 .NH.N 2 .C < H 4 .C0 8 H 
(Ori?s 3 , B. 7, 1619; cf. Meldola, C. J. 61, 

435). 

Diazo-benzene-anilide Ph.N 2 .NIIPh, Diazo• 

amiil‘benzene. Mol. W. 197. [96°]. 

Bonn itim. -tty passing nitrous ftcid gas 
into an alcoholic solution of aniline (Griess, ^1- 


with 2 mol t. *>t .in amine or phenol. i 

Saits. ril.iN.CD.PtC^; small yellow' 
platis; m arly it: . luhle in cold wafer mid » 
alcohol; huiti 1 with tlrv NaX.’O, it yields di- ; 
fh loro bet!/, nc. t:jl,(N i CI) Au .(•!„: pp. of! 
fellow imrre.'-opic needles, e.\plosi\c- piiiess, j 
ii. 19. 317). • i 

;> Totr-azo-lcnzeno C lS H l (X..OH) a [1:1'. J 
Formed by tlie action of an e\ct >>:; of nitimis | 
acnl up.-u p phenyhiie duiiuinc in piesitice of 
a large AC. ;.s of m ill. F,.1I^N (’ll 1'lCl,: u llow ! 


Salts. Ph.N.j.NAgPh: orange ncodlca.— 
(Pli.Jx^.NHPliHCli^PtGl,; unstable crystals. 
Bi-sul ph on a m i tie 

C 11 ,pS(> ,N 1 i.).N...N I l.C„l I ,.SO ,X M.„ [183°], 

Yellow needles. From C 11 ,(SO NlijNII,, UNO, 
ami nilmus acid gas (iiybbeneth, .1. 221, 206). 
Cone. MCI converts ii into C ft ll,Cl.S0 2 NHrt 
C„11 1 (N1I,)S0..NII. and N,,. 

Diazo-benzone-azo-lxnicne p sulphonic acid 
CJl.tSO.) X 2 -C tl ll ,-X. Small yellow needles. 


CijM.voini' e\p!i>.-ivti pp.; by heating witli dry 
Na t O. it viol.b; ; -di ch'Uuo benzene (Griess, 
B. 19. 3l9i. 

Diazo benzonc-r; amido benzeic acid 
C ft ll.,.N..NForim-tl by mixing so- 
lutioiiB »*f uis/.o benzene nitrate and amido- 
benzoic acid G‘ r icss, 137. i»2h Small yellow 
plates ^frem ether). Si. alcohol, v. e. sol. 
ether. l‘ , lt U ll N 1 0.1l.l'U'l., 

B thui e: <) t -». F.t A': yellow crystals, v. e. 
•ol. alcohol and ether. C l Jl„N J Odn , '.i.‘l i . 


Nearly ijisolnble in most solvents. Formed by 
long action of nitrous acid on amido-benzene- 
a/o-ben/eiie-sulphonic acid. Boiled with water 
| it gives oxy-benzene-azo-benzono-sulphonic acid; 

' with alcohol it gives benzene-azo benzcne-sul- 
phonic acnl \Gricss, B. 15, 2l8f»). 

Diazo-benzeue-bemyl-anilide 
CJI AVN^ U^C H,. Benzyl - diazo - amido- 
[benzene. :8l •’]. Yellow needles. V. sol. acetone, 
m. sol. alcohol, insol. water. 

| 1'reparation .—30 a. of sodium are dissolved 
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fa 800 c.c. of alcohol, a hot solution of 200 g. of 
diazo-bensene-anilidc in 500 o.o. of absol. alcohol 
added, and the mixture heated with 140 g. of 
benzyl chloride for 1 or 2 hours; the product is 
precipitated by water and recrystallised from 
alcohol; yield, 200 g. 

Reactions.— On heating it decomposes ex¬ 
plosively. 1 ty excess of HCi it is resolved into 
diazoben/cno and benzyl-aniline (Friswell a. 
Green, ]!. 10, 2000). 

Diazo-benzeno-bromo-anilide r. DiAZO-mmsm- 

BESZENK-AMLIDi:. 

Diazo - benzene-p-chloro- anilide. Formed 
from p-chloro-diazo-benzene and aniline. By 
warming with phenol it gives oxyuznda-nzene 
and p chlorauiliue (lieumann a. Oeconomides, 
if. 20, 00S). 

Diazo - benzene - ethylamide rh.N..NIlKt. 
From dia/.o benzene nitrate and cthvlamine. ' 
i'icrate (NO,) s UH. 

Diazo-benzcneethyl hydrazidoPli.N s .N J! : Et. ' 
From diazo-benzi no nitrate and ethyl hydrazino \ 
(K. Fisc 1 nr, .1. 100, 300). Very unstable oil. ; 
lteduced in alcoholic solution by zinc-dust and j 
acetic acid to ethyl-hydrazine and phenyl- j 
hydrazine. j 

Diazo-benzcne-imide CJI V N,. Triuzo-Un- 
gene. j 

Formation. 1. IHazobenzene perbromide is | 
treated with uqm ous Ml, and the product 1 
distilled with strain, dried over CaCL, and 1 
r< ctitxed under diminished pressure. (Grit Tr. 
IsOl, iii. 700). 2. By warming nitroso phrnyl- 
h)dnizinowith dilute KOIi (Fischer, .■1.100,02).'— 
»• ny adding Na.t’O, to a mixture of diazo- 
benzene sulphate ami hydroxylaminc. 

Properties. .A heavy oil; insol. water, m. 

Sid. alcohol and ether. Detonates when distilled 
under atmospheric pressure. Not attacked by 
KOI I. 

Reactions. - 1. lleduced in alcoholic solution 
by Zn and 11 SO, to aniline and MI,. 2. By 
heating with strong HCI it is converted into a 
mixture of o and /t-chloro-aniline: 

C.II...N, h 2HCI -= C„TI,.NH, + Cl, + N,- 
CJI.C1.NH.+J1C1+N,. 

8. By heating with II .SO, diluted with an equal 
volume of water it is converted into p-i.mido- 
plionol: C, II .N, -♦ 11,0 -- C„H V MI. * OtN,a 

C # H l (OII)NH, i N, (Griess, h. 10, 318). 

Diazo-benzene*-dimcthylamide l‘h.N' : .NMe.. 
From diazobenzene nitrate and aqueous di- 
methylamine (Baeyer a. .lager, Ji. 8, 803). 
Yellowish oil; explodes when large quantities 
are heated; vdatile with steam; insol. water 
and alkalis, v. e. wd. alcohol, ether, and acids. 
Decomposed by acids into diazoben/ene salts 
and dhncthj laminc. Aniline hydrochloride 
forms diazo-bt.nzene-anilide and NMeJl hydro¬ 
chloride. I'icrate I’h.Nj.NMe-jCJL (N0 2 ),(GH): 
yellow needles. 

Diazo-benzone-methyl-anilido 
CH s .N r NMeCJl v Methyl-diazo-amido-benzene. 
Heavy deep-yellow oil. Not volatile with steam. 
Miscible with alcohol, insol. water. 

Preparation.— 30 g. of sodium arc dissolved 
in 300 c.c. of absolute alcohol and mixed with 
a hot solution of 200 g. diazobe.nzene-aniiide in 
500 c.c. of absolute alcoltol; when nearly cold 
170 g. of methyl iodide are added; a vigorous 
reaction soon sets ia and is completed by 1 or 2 


hours’ cohobation; half the alcohol ia then 
distilled of! and the residue precipitated by 
water, the oil separated and dried over CaCl 5 ; 
the yield is 200 grins. 

Reactions. - On heating it decomposes ex¬ 
plosively. By excels of 1101 it is resolved into 
dia/.ol enzene chloride and nulhylumlino 
(Friswell a. Green, (’. 40, 718 ; /;. 10 , 2035). 

Diazo-benzciu* phosphonie acid nitrate ('?). 
XO s .N_.rjl,.PO(OHh3aii. JI8S ;. S. 58 at 18°; 
00 at N»°. Formed by passing nitrous acid gas 
into a boiling solution of amido-lu-nzi'iio phos- 
phonic acid in llN().,Aq (Mich* el is a. B*ii/.ingor, 
A. 188,28S). Hung white prisms (I'ltim HNO^Aq). 
Explodes above too’. V. sol. alcohol, si. sol. 
ether. Not nlYeeted by boiling water, even in 
presence of II ,SO,; slightly decomposed by 
boiling NaOlI Aq. 

Salts. Na A" 2aq. K.A"uq. IlaA"3aq.— 
Ag.A".- ri.A". ' 

Diazo-benzene-piperididePhN..NC l H l# . [43 : j 
(Buever a. «l rigor, li. 8,81)3; Wallaeii, .4. 235, 
211 ). 

Preparation. Aniline (lOOg.) is dissolved in 
aqueous HCI (210 c.c.) ami the solution at O’ ia 
dia/.otised with NaNlH (74 g.) and then poured 
into a dilute aqueous solution of piperidine 
(100 g.) containing, KOI! (00 g.) cooled with ice. 

Piiijiet(ies.-— Crystals (from ether or petro- 
lcum-i tlier). 

Relictions. 1. HCI pa rsed into an ethereal 
solution gives dia/.oheu/.em* chloride and piperi- 
dine hydrochloride. Aqueous IB-I arts simi- 
larly. 2. Warm HCI forms N., elilurolienzeno 
and pipeiidine hydroehloride ; phenol is a by¬ 
product. HBr and ill net similarly. - 3. Hot 
dilute 11.SO, forms plieiml. I. An ethereal 
solution of picric acid given diazo benzene 
pierate. 

o-Diazo-bcnzcno sulphonic acid 

Yellowish tables, obtained by pass* 

ing nitrous acid gas inio water containing n-umido* 
benzene Milphouie acid in suspension (Bermlsen 
I a. Himpriclit, A. 177, 101). 
j in Diazo benzene sulphonic acid 

j C 0 1I,<^^ 3 ^>. I Yepared by passing nitrons acid 

j gas into a concentrated solution of tu amido- 
; benzene sulphonic acid, containing the free acid 
'in suspension (Meyer a. Stub* r, A. 105, 105; 
i Bermlsen, A. 177, *8). Small lolnnms (from 
water). Very explosive when dry. V. tml. water 
ami decomposed by it at 00 '. Boiling HBr gives 
| m-brmno-benzeno Kulp* onic acid. Boiling aloo 1 
1ml has no action. 

m ■ diazo ■ benzene, su lj>h " mi <le « Hr ate 
NO r N,.C.,lI,.SO,.NJl... From C..H,1N11,)SO a NIT t 
by mixing with JINt), and passing in nitrous 
; acid gas (Hybbemitli, A. 221, 205). Minute 
i oiailge needles. 

p-Di azo-benzene sulphonic acid 

c,il. <*«*>. Formed by diazotining p-amido* 

benzene sul pi ionic, acid (Schmitt, A. 120,144; 
FiM’her, A. l'JW, 70). Small needles (from water). 

' Insol. cold watir, v. sol. water at 00 J . Boiling 
water forms phenol p-solphonie acid. An alka¬ 
line solution gives a red colour with aldehydes 
: (Petri, //. 8, 231; Zahn, li. 17, Bcf. 2U0H but 
this is not a characteristic test for aldehydes, as 
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it i« given also bj many other bodies (E. Fischer, 
0. Id. 057; 0. Ijoow, J. pr. (2; 31, 130). 

Hear turns. - i. Jhilinrj alcohol forms ben- 
gene Kulphonio acid. 2. PCI., ut 100^ has no 
action il.itnr, J. pr. , f 2. 20, 200/. 

Ethyl mrn'nftid e 

Feme d hyr.uinhmiii ;'/ediazo benzene.sulphonic 
net•! v.oli fin >ili-.;i!in«- .olution of ethyl meieapuii. 
Tin*-oOintii Hilt iA'.N' ji l forms yellow ^li toning 
-, v. ..ol. wafer. , It is very unstable, n-adily 
deeoiu|». in/with evlntion of nitnWhen 
boiled with ale.diol it yields ethylphenyl-sul¬ 
phide /> oilplmnio arid C.ll 1 .53.(J„ll,(SO i ll) 
(Studl. r, //. 17. 2075). 

M r t It //1 anilide. <’..11 ,< St),11 I. X XMc0„ 11 
Formed by combination of p dia/< -b m/ene- 
sulphonie iieid with inomi-tm-tliyl aniline in 
nearly neutral .olution. The.'odium sult(Na.V) 
forms large ifdoiirle .i j*liil<-v. wil. water, from 
whirh it is precipitated in white felted needles 
by alkali; m-.uly iri.xd. alcohol. Not affe.-ted ; 
by boiling with dilute ran-.tic soda. Acid ; j 
resolve it into if: eon litiient; /> dia/o-ben/ene* 
Mil|ihoiti<- and and ne thyl aniline, which when 
the acid i-i dilute recombine to form niethvl- 
amido ben/i>m- a/o iien/.eiio Ktilphonio arid : 
(',,!!,(SO,11 ).N\.<', H,.N HMe (15er.ithseii a.Gu>ke, ! 
It. 2u, 

rip.,,did,' cjr.tsn.if) n,.nc.h I(I (Will. 

bit'll, .1. 285, 2/1)}. l-'i.-m Hiilplmnilii; arid by 

dia/.olisation and treatment with piperidine. (1 

liiul.) and .iqn.is Nil* »II (1 mol.). Suit. — • 

NaA't satinv plated. AgA'. Stable in neutral or 
alkaline . elutions. 

Ini* <MI,iSo,H).NViJ ! 1:1‘ 
I'riti ‘, hen'ene p-sulpi'i'Hie Mid. Formed hv 

the action of phenyl hydrazine upon dia/oben- 
•/.eiie/••iUilphonic acid suspended in e?>ld water; 
dia/obeii/.cne imiite, sulphanilie, acid, and aui- 
lino, are formed simultaneously : 

✓N. 




;(i lri1UI.XU.Nlf.- 
'so. 


C.II.IN.ISO.II <’ II.N, • t’ ll.iNII.ISO.II , 

^’i.U a .NII.. While deh'pjeSCrilf. lit-edieS. V. g. 
sol. alcohol and water. Salts. UaA'.,2iiq: 
white siv -i*led plates, m. so|. hot water! 
Phenyl hyd ><!.!! N If ,A'«.|: long 
white •■.lisleiiin- plal.-s, m. s.d. hot water and 
nleohol, less in the cold, m arly insul. ether and , 
chloroform ; d.rm u.oMd by alkalis, hut not by ! 
lH'l * vcn when hoilim; (Grie: s, K 20, 1528). j 
Diiuo-beuzene disulphonic acid ! 

C,Jl t \SO.,H)v s *^ ‘N. Tile salts are formed by | 

imssinK nitrous acid ras at o’ into a solution of 
theuc: 1 salts of l-,.ll,(NII ) ( M>,li). [1:8:1 / . Tho 
tree acid is unstable (/.under. . 1 . 198 . 21).-- ; 

K\‘. 1’i.iA' 2rtij. 

Diiu.o-beur.enu disulphonic acid 
(• iFlSO.U uSO N.)'. Foriueil by dinzotising ! 
* 111:3:5;. blender needles; v. ! 

►ol. water nnil alcohol, decomposed by NuOII : 
or UnCOj,. 1 he rails are formed by diuzotising 
balt r of the amide benzene disulphonic acid 
(ttem/.clmr.on. t. Is8, 171 • pm *»•»;» - KA' 
lioA'. .Saip FnA' :i;m r 

Diaio-benzeuo disulphonic acid 

diazotisiiig 


l Salts. — NH.A'. - KA'. — CaA', 2aq, — 
1 BaA'- 2af].—PbA' a 3aq (Heinzelmann a. Zander* 
: A. 198, 5). 

Diazo-benzene ;>toluide is identical witH 

diazo-toluene anilide (q. v.). 

o Diazo benzoic acid. 

Nitrate N(),.N.,.C 0 II I .CO..H. By diazotisa- 
tioti of o-aruido-benzoic acid suspended in dilute 
Il.VOj (Griess, Jl. 9, ltiod). Colourless tables or 
prisms, v. e. sol. water, in. sol. alcohol. Fixplodes 
when heated. Boiling water converts it into 
salicylic acid. Repeated solutioti in water and 
ppn. with alcohol converts it into tho so-called 
semi-nitrate: 
i 

(C().II.C.H^ ^\cjI J .C(>JI)UNO,(?). This 

substance is also formed by passing nitrons acid 
gas into an alcoholic solution of o-uniido-henzoio 
acid (Griess, .'1. 117, 89; Hand, A. 281, 1 10). 

Per bromide C ; 11, N ..(XI > r s . 

Imide N , . l .(5, i II r CO..II. Triazo-benzoicacid, 
fUo j. From the perhromide and ammonia 
(Griess, [2J 3,105). Long needles. M. boI. 
boiling water. 

m-Diazo-benzoic acid. 

Sulphate SO,II.N,.CJI t .CO,ir. Formed 
l>y passing nitrous acid gas into a thin paste of 
the sulphate of wt-amido-benzoic acid ; ppd. by 
alcohol and ether. Long white lamime, v. e. 
K(d. water; detonates when heated. Treatment 
with dilute alcohol gives rises to a * basic 
sulphate’ .SO, (?), or moro pro- 

baldy j M,(0 K II a GO..Ifj.,{ i I .SO,. 

Nitrate NO J .N*.C„if,.(:O.H (Griess, A. 
120, 120). Its aqueous solution left in contact 
with BiGO, forms carhoxy-heii/ene-a/.o-oxy- 
heu/.oic acid. With aqueous Na X'() 3 it forms an 
acid (' . l U ll N , ,0.. 

Hydroxide 1I().N,.CJI,.C0,U. Unstable 
yellow oil. 

Chloride Cl.N..C.,If,.CO.II. Combina- 
turns .—(Cl N ..(!„]!,.(’{>JI)..l't ( ’1 4 : yellow prisms.— 

(('IN11,.CO u 11 /Au(1This salt suspended in 
alcohol ami treated with 1FS gives benzoic aeid, 
eh loro benzoic aeul, and sulphydro-benzoic acid, 
IIS.C^II ,.(J0^1 f (Griess, J. pr. L 2J 1, 102). 

Per bromide Br a N 2 .C 0 lf 4 .CO.U. Oily pp. 
Converted by boiling alcohol into wi-hromo* 
benzoic acid (Griess, A. 185, 121; Cunzc a 
Ue.hner, A. 185, 1(1(1). 

I! thy let her; nitrate. XO J .N,.C 1 » l .COF.t. 
I’oruu'd by diazotising wi-amido-benzoic ether 
dissolved in nitric acid (Griess, A. 120, 127).— 
A ur och lurid e (Cl.N,..C 0 II 1 .CO.Et)AuUl J : 
golden prisms (from alcohol). 

Amide; nitrate. NO 3 .N,.C li H,.C0XH 2 . 
Formed by tho action of nitrous acid gas on a 
solution of m amido-benzamido in alcohol mixed 
with ether (Griess, A. 120, 127). Needles. 
1‘lntinochlorido (Cl.N..C h H,.COXH.),,PtCl 4 . 

Imide N 3 .C ( ,H,.CO i H. Triazobenzoic acid , 
From the perbrotnido ami NH 3 (Griess, 

1 0'.7, lty). Thin lamina). V. sol. alcohol 
and ether, in. sol. boiling water. By heating 
w’ith 1IC1 it is converted into two isomeric 
chloro-amido-benzoic acids, (1, 3,1) and (2,3,1); 
N 3 .C t ,H 4 .C0.11t2IlCU 
H.X.C h H t .CO..H + Cl.. + X. a 
lI.X.CJl.Cl.COAi + lid + N, 

(Griess, if. 19, 315). S a 1L—N,.C,H 1 .C0 1 Ag. 
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Anilide v. Diazo-BEXZEKK-AA ni>o-iiKNzo;c 

ACID. 

Bromo-anilulc v. Diazo-bkomodenzene-ajiipo- 

BEN’ZOIC ACID. 

Nitrile. Nitrate NO,.N s .CJH r CN. From 
m-amido-beuzonitrilo (Griess, B. 2, 'MO). 
Explosive crystals; m. sol. coM water.— 
Perbromido Fr,X .C !f,.CX. Crystals. — 
tfliide Xj.C.H^CX, M J. X*.edits, v. si. sol. 
water. 

}> Dinzo-benzoic acid. 

Nitrate XO...N\.C H..COJI. Explosive 
white prisms (Grie-s, J. IniJJ. IFdll. 

.! m ide. Nit rate. XO ; .X..CJI 4 .CUXH, 
(Griess, lSC.Ci, 1\. 

I,aide Xj.CJIII. Tt iti;ol«'nw arid. 
[IS5 j. Thin lamina (Giicss, /. lsi',7, Ibl). 

w-Diazo-betizoic-m-araido-benzoic acid 
[3:1] CO,II.C ( H l .X..NII.CJl I .Co II • 

Formed by pa-mg nitrous m id * as into an 
alcoholic solution of nt-aiuido benzoic acid, or 
by mixing mpieous solutions of w-amido-ben/oii* 
acid and the nitrate of m-dia/o ben/oie arid 
(C.riess, J. 117, 2; Isbl, 353). Orange 
plains. Explodes at IMF. V. si. sol. water, 
alcohol, and ether. Sol. alkalis and reppd. by 
acids. Boiling IIC1 forms m atnido-ben/oic acid 
and ja-ebluro-beii/oic acid. Bromine wah r 
gives bromo-, and tri-brmno*, benzoic acid. 
Boiling water and iodine form iodo-oxy benzoic 
acid. Nitrous acid passed into a ladling uipionus 
solution foini.s nitro-oxv-bru/oic acid; nitrous 
acid passed into a boiling alcoholic solution 
forms ben/uic acid. Fuming ll.N'O, gives tri- 

nitro-ow-benzoie ju-id. 

Salts.- (XI 1,1 A". KAV Ag.A". 

Mi. tii : il it hr r Ik' A".. Iblt y Vellow needles. 

Ethyl rt In r Kt ; A". [Ill > (iolden needles. 

p-Diazo-benzoic-p-amido-benzoic acid 
[4:1] t’O lI.CJ 1 t .X...XII.( . 11OIi; I: I Orange 
powder, v. si. sol. boiling alcohol. Fonm-d by 
passing nitrous acid gas into an alcoholic solu¬ 
tion of /< amido-benzoic acid (IJeilstein a. Wil- 
brand, A. 128, 2b!>). 

m-Diazo-bcnzoic-p amido-benzoic acid 
[3:1. CO.H.C 1 .lI l .X,.Ml.C 1 ,Il l .CO.H [1:0. From 
the nitrate of w-diuzo-benzoic acid and p iimido- 
benzoieaeid tOiie^s, J. I.sn-l, o.i.'ij. An isono'iic 
(?) acid is ;. >t from the nit rale of p-diazo- 
beu/.uie acid and m -amido-benzoic aeid. 

m-Diazo-bromo-bcnzene. 

J'erbt <>iii ide CJIJSr.S.Br, (Wurstcr, A. 
17<*, 17:1). 

p-Diazo-bromo-benzenc. 

Nitratr CJIJIr.X^NO,. Formed by pass¬ 
ing nitrons acid gas into an /npuou.s snhilioii of 
p-broino-anilinc nitrate (Gi-ie-s, Tr. 18bI, iii. 
G'Jo). I’pd. by alcohol and r tin r. 

Hydroxide CJI,Fr.N .<>|J; bright yellow 
nee lies. Very explosive. - C,,H .I’r.Nj.OK. From the 
nilrateaml strung KOI I; gi.* - - the pm eding body 
when treat' d with acetic acid. - CJIJlr.N GAg. 

Bromide CJf,Br.N..Br: scales; v. sol. water, 
m. sol. alcohol,insol.ether. (C„ff ,Br.NJ»r)J'tBr 4 . 1 

Vcrbromide CJI,Br.N __.Br,: monoclone 
prisms (from alcohol), v. si. sol. ether, insol. 
water. 

Chloride CJi,J3r.N\Cl: from the bromide 
f.nd moist silver chloride.— (C 4 U t Br.N.,Cl)AuCl r — 
(CJi.Br.NCJiJHCl,. 

Sulphate C 4 H 4 Br.N,.SO,H: slender prism*. 


Tinide C # H,Br.N,. Truuo-bromo-ben?en4. 
[20°]. Insol. water, m. sol. alcohol, v. sol. other 
and benzene. Bedueed by Zn and H,S0 4 to 
bromo-aniline and XII,. 

Cya n ide CJ1 .Br.N^CNIICX. [J28 ]. From 
p-diuzo-bromo-benzeuo nitrate and n*jucous KCN 
(Gabriel, /»’. 12, IMS). 

Anilide C. II, Hr. X...Nil. C, If, or, alterna¬ 
tively CJI ..N ..Nil.CJI,l>r. Fi lmed either from 
diazo benz( ne nitrate and p bromo-aniline or 
from />• diazo-bromo-benz« h. nitrate and aniline 
(tiriiss, B. 7, JblS). Yellow plates; v. e. sol. 
etlu r, in. sol. alcohol. (C, H, tl lii N,11C!) IT(T,. 

/>• Iironto-a ?. Hide C„ll,IIr.N .NI I.C, H t Fr. 
[11 '* >. Obtain* d from p - bromo * undine.- - 
(C,. 11..! '■ r X.,)..H. I * t Cl h . 

Diazo di-brom »-benzcnc. 

Nitrate C 0 H,Bi\.N..N() t [2:1:1]. Obtained 
by parsing nitrous aeid into an a<|tieoiiH solution 
of tin* nitrate of di-brouio aniline (driesa, Tr. 
18(51, iii. 701). Needles or plaice. 

Clati uochloride (CJ 1,1 *»r 2 . N ,CI) J’tCI 4 : 

orange plates. 

J'rrbrom ideC llJlr.N Hr,: slender needles. 

Im ide CJI Jlr .N ,. i‘i;2J: needles. 

]) i - b ro mo - a n i 1 ide 

C 11 Fr...N .XHC HJlr . [IbH •]. From (2,1,1)- 
di lirmiio aniline. Golden needUr, v. si. sol. 
alcohol and«tlu-r. 

Diazo-tri bromo benzene. 

Nitrate C. M,l , »r,.N...NO, f2:4:b:!]. Formed 
when a rapid euricnt of nitrous acid gas is passed 
into alcohol containing tri-biomo-auilini! in kum- 
])«ii ion t"'.*< ibi-r with c\c«*ss of ll\t),. Am 
soon as e\i r\thing is dissolv* d, ctb> r is add«*d 
mid a blight yellow crystalline pp. of the dia/.o- 
iiilraie is formed (II. Silberstein, J. pr. [2J 27 r 
1021. 

Tr<i)<erjirs. Yellow trimetric plates. FxpluUeH 
; at So Sol. water ami lit'1. S', hi. sol. alcohol, 

' 4*1 In i, ami benzene. 

Iteaethfus. 1. Boiled with alenlml it gives 
tri-bromo-brn/.enc, N. ; , UNO., and aldehyde. - 

2. JJoib-d witli miter, gives off no nil logon but 
forms undclenuiiM'd compounds. - 3. Jlented 
with glacial acetic arid gives oil X, and nitrous 

; fumes and b-aves (ri-bromo-bcnzeiie. -I. Heated 
with be)i.ine( I pts.) it deeompo.es a I bY'forming 
1 a diazo di bron.o fdienol Of. r.), letra bromo- 
I bi-UZciie ;lts j.illid liitrobeil/.eiie. ~ b. ilealed with 
! ('ll (71 , it gives dia/o di-bionm-plienol and tetra- 
bmnio la n/i nc. b. Heated with <‘i>iie,eul,ratcd 
IICI it forms cryi tuls of tin* jH-ibioiiiide of diazo* 
tii bintiio-bi uzeiio cblorid<*, C,,H .Br ;l N\.(/lBr r 
Probably chlorite*, liberated in this reaction, 
tii.na onl bt'oUiim. from mhih: of the Iti biomo- 
cnaipouud, which bromine then unitCH with 
the dia/o chloride. The p< rbromide explodoa 
at 1(» O', foiming chioro-tri bronm-binzeuo.-- 
7. With Hl!r it give:- the bromide. Of. v.).- * 
n. With HI it gives lri-.aouio iodu-binzene. 

Sulphate C,,!! Br,N„S(> 4 II. 

/v.pc/ heii .—Colourless ]iri k ins. Hoi. water, 
si. sol. alcohol, insol. ether and benzene. 

J’mi:tion*. —1. lb iroiiipos ' d by alodial intotri* 
tromo-benzene, JJ. SO, and N v . 2. Foiled with 
aeid (dated v oter it forms no tri-bromo- phenol.—* 

3. Heated with glacial acetic a* id it forms tri* 
i bioiiio-btiizcnc.—4. Not affected by boiling 

zeue. 

Bromide C.JfJ3r a N»Br. .Small golden tri* 



*m & fey u hb r to i 

oMqh ol ttok by toa- 

CJJt, SI. sol water, fanoL 
alcohol and ether. Heated with glacial acetic 
acid it gives nnsymmetrical CJI*Br 4 . 

Perbromide CJf.»r # NjlJr r Formed by 
adding cone, fIHr to a solution of tho nitrate, 
C ; the liquid is filtered from 

C.ll.Hr,N.Hr and evaporated to crystallisation. 
It forms orange prisms and behaves very much 

Oh lorn -per bromide C.,I [ : Br,N^Cl.Br a . 
From tri-bromo diazo-benzeno nitrate ( 7 . v.) and 
UC1. It explodes at 100'* forming chloro-tri- 
brorao-beii/.ime. llcactions.- l. With Nil, gives 
tri-bromo-dia/.o -benzene imido (q.v.).—2. With 
alcoholic ditneihylaniline forms tri-bromo-ben- 
zeneazo-dimelhylanilino C 1 ,II a Br,.N r C B H l NMo. { . 
3. With alcoholic viethyl-di-phcnylamine it 
forms tri-hromo o(mzene-n/.o*methyl-di-phenyl- 
aminoC„II,Br 1 N ; ..C b !I l NM<l , h.—4.With»w;/cMnc 
diphenyl it forms chluro tri-bromo-bonzono and 
nitrogen (Silherstein, J. pr. (2J *27,117). 

lmidu C,ll..Br,.N,. fMf ]. Formed by adding 
dilute ammonia to C fc H : Br,N.ClBr.. Colour¬ 
less needles. May bo distilled with steam. 
Insol. water, sol. warm aleohol, ether,and Cl ICl,. 
Unlike dia/.o hun/.ene-imido, it is not reduced by 
Z 11 and If.SO, to Nil, and tri-bromo-amlino 
(Silbersteim J.pr. [2] 27, 11«). 

Anilide OJI.Br^NIIMi. [101°]. From 
alcoholic anilino (2 mols.) and C (i H : Br a N,NO :J 
(1 mol ). The pp. is crystallised from alcohol 
(Silberstein, ,J. pr. (2) 27, 121). Yellow, glitter¬ 
ing, trielinio prisms. Insol. water, sol. hot alco- 
hoi, ether, and benzene. Boiled with glacial acetic 
acid it gives nitrogen and tri-broino-ainline. I 

Tri-bromo.anilide 

C,HBr,.N ,,N I l.CJ I.Br,. Obtained by passing 
N,0, slowly into a cold alcoholic solution of tri- j 
bromanilino. Some 0*11 Br^NO* is formed at 
the same time. Tho product is washed with 
water and hot alcohol and crystallised from 
benzene. Tho yield is bad (Silberstein, J. pr. 
|3] 27,120). In sol. water and alcohol, v. si. sol. 
ether. V. sol. t’HCl, and benzene. Not attacked 
by cold acids, but decomposed by boiling with 
aoids with evolution of N,. 

Diaio-ji-bromo-ooniene-amido-bcnzoic acid 
CfcHjBr.N.j.NII.CJI,.COJI. Dio:o-be azoic acid 
P'bromo-anHide. From p-diuzo-bromo- benzene 
nitrate and m-atuido-benzoio acid (Griegs, J, 
IH 6 (), 453). Clusters of noodles. 

Diaao-bromo-bonzene sulphonic acid 

Frt.m tho corresponding 
bromo-nmido-sulphonic acid (Borns, A. 187, 
371). Small yellow needles, v. sol. water, m, 
JOl. alcohol; explodes when struck or when 
heated. Heated with alcohol, it gives w-bromo- 
benaeno sulphonic acid. Cone. IIBr gives 
C^r^iyi) [1:1:2], b 

Dlaio-bromo-beaieoe disulphonic acid 

C,H,l\r(S0 1 H)<^*>. 

ftwn 0 .n,(Nll ; )(SO i n)^r [ 1 : 1 : 0 : 31 . Minute 

*ol. water and aleohol. Hoes not 
M£tode when struck (Zander, A. 198, 15).- 


From C,H,(NIWBr,(SQ3) 

[1:2:6:4]. Yellowish scales; explodes afove 
100°. V. si. sol, cold water, v. sol. hoi water 
Boiling water gives di-bromo-phenol sulphonic 
acid. Heated with alcohol it gives di-bromo. 
benzene sulphonic acid. 

Diaio ■ ii - brom o-benzene-sulphonio-aoid- 41- 
bromo-salphanilide 

C,H B. ,(SO,H).N,NH.C„H,Br ! (S0 1 H). 
[70°-80’j. From C 11 H.,l)r J (NH J )SO,H [2:4:1:5] 
by warming with alcohol and KNO,. Needles 
((rom water). Insol. aloohol (Baessmann, A 
191, 229). 

Diaio-di-bromo-beniene-disulphonio acid 
O.IIBr^SOJlX^^. From tho nitro-ben. 

zeno disulphonic acid [1:3:5] ? whose chloride 
melts at 9G°, by reduction, bromination. &nd 
diazotisation (Heiuzelniann, A. 188, 183).* 
Diazo-tri-bromo-benzene sulphonic acid 
C u IIBr,<^*^>. From tri - bromo - aniline, 

CJI.(NII.,)Br, [1:3:4:53 by sulphonation and 
diazotisation (Spiegelberg, A. 197,291). Minute 
needles. 

Diazo-tetra-bromo-benzene jp-sulphonic acid 
Crystalline powder not decom- 
posed by boiling alcohol (Bcckurts, A. 131,225). 

Diazo-brorao-nitro-toluene sulphonic acid 
C u TIMeBr(NOJ<^|fQ Formed by projecting 

w-bromO'/i-amido-toluene o-sulphonic acid into 
fuming UNO* (Weckwarth, A. 172, 203). 

Diazo-di-bromo-nitro-toiuene sulphonio acid 

CJlr a Me(NO a )<^<^ ^>. Fonnod by projecting 

di-bromo-o-ainido-tolueno p-sulphonio acid into 
fuming I1NO, (Jlayduck, A. 174, 355). 
Diazo-di-bromo-phenol 

C.U.lIr^ [0:N 3 = 1:2]. 

Preparation. -Bromine water is added to 
an aqueous solution of o-diazo-phenol chloride 
and the pp. is dissolved in fuming HC1, filtered 
through asbestos and ppd. by water. 

Profrerties. - - Orange crystalline powder, much 
less stable than they?- compound. When heated 
it explodes at 128°. It is more soluble in cold 
water than tho p- compound; on warming the 
solution a resin is formed. The solution gives 
an amorphous grey pp. with silver nitrate. It 
iB almost insoluble in alcohol, ether and CS 2 , 
but readily dissolves in CHC1,, hot benzeue, and 
benzoline. It docs not reduce Fchling’s solu¬ 
tion, nor form a crystalline body with NaHSO* 
Cjr.Br^OIIJN.Brl^aq: decomposed by water. 

Et)u/l,cthcr, nitrate of. 

C # H JJr.(OEt).NjNO,. Got by passing N a Oj into 
alcohol containing HNO a and di-bromo-o-araido- 
phenetol in suspension, and pouring it into dry 
ether at O’. Properties. —Prisms. Explodes at 
102°. If ils alcoholic solution be diluted 
with water (10 vols.) and boiled as long as N # 
escapes, it is converted into di-bromo-phenetol, 
bromino being replaced by hydrogen, not by 
hydroxyl (Mdhlaa a. Oohmichen, J. pr. [23 21 
482). 
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?ormaiion.—J. Obtained by adding bra. 
nine water to an aqueous solution ot any salt 
ol p • diazo-phenol: C„H,(0H)N,C1 + 2Br,= 

CJMr,^ + HCl + 2IIBr.-2. From RBr and 

diazophenol nitrate ( q. v.). 

Properties. — A floceulent yellow pp. re- 
■enabling sulphide ot arsenic. Dissolves in 
boiling water, without decomposition, and 
crystallises in yellow prisms as the solution 
cools. Almost insoluble in cold water, ether, 
and CS„ Bomewhafc more soluble in CHOI,. 
Soluble in alcohol and in amyl alcohol. May 
be kopt for months in closed bottles in the dark, 
but, when exposed to air and light, it soon turns 
brown. Heated to 137° it explodos. 

«^alts. — Unstable, decomposed by water 
and tfy alcohol. C d H ,Br,(OH)NJ3r, aq. — 
{C,HHr 2 (OH)N 2 Br}..rtCl 4 : triclinic platos, 
decomposed by water. — C*IL < Br J (0H)N 2 S0 4 li 
(Bdhmer, J. pr. 132, 458). 

Reactions. —1. Boiled with water of which 
the boiling-point, by addition of calcic chloride, 
has been raised to 120°, it gives off nitrogen 
and forms di-bromo-hydroquinone: 

C„H 2 Br s <^ + H,0 - C.H.Br,^^ + N, 

(Bohmcr, J. pr. 132, 464).—2. Dissolves in a 
hot solution of NallHO,; and as the solution 
cools, yellow needles of C d H.Jlr a (0H)N i .80 J Na2aq 
are formed. These crystals dissolvo in ether, 
benzene and CS 2 ; do not explode when heated; 
show Liebermann’s reaction; do not reduce 
Fehling’s solution; and give with BaCL, golden 
scales of {CJl 8 Br.(OH)N 2 SO s | 2 Ba5aq.-3. Be- 
duccd by Sn and" HC1 to di-bromo- 2 )-amido- 
phenol. 

Diazo - di - bromo - phenol. (?) Identical with 
the preceding diazo-di-brorao-phenol just de¬ 
scribed may bo converted into this isomeride 
by first reducing it to dibromo-p-amido-phenol 
hydrochlorido and again diazotising. 

Properties .—Explodes at 145°, has a greyish- 
yellow colour, is insoluble in water. Crystallises 
from alcohol in much thinner needles than the 
preceding. With Nall SO, it forms oinall plates, 
whereas the sulphonato of its parent-isomeride 
crystallises in needles (Bohmer, J.pr. 132,471). 

Diaso-di-bromo-phenol 

O.H J Br s <Q*>. [Br:Br:N:0 = l:5:6:3]. Formed 

by heating tri-bromo-diazo-benzeno nitrate with 
benzene at 45^ (Silberstein, J.pr. [2j 27, 107). 

Properties .—Oblique prisma, from water. 
Crystallises from alcohol. Explodes at 142°. 
Soluble in hot alcohol Nearly insoluble, in 
ihloroform and ether. 

Salta.-These aro very unstable; they are 
Formed by wanning with rather strong solutions 
it acids, but are saponified by water. 

Reactions. —1. Not attacked by boiling water. 
I. Heated with strong IIBr forms., tri-bromo- 
ihenol and N,.—3. Reduced by Sn and HC1 to 
li-bromo-amido-phenol and NH r 

Constitution.—Ihe hydrochloride ol the di 
iromo-amido-phenol obtained by reduction, gives 
tehmiU’l reaction npon the gradual addition ol 
Shtia powder, viz.: a violet colour 


feBow»4 to "* wUto m. Al lUi Miotioa fa 
charactarlstia ot jr-amido-phenolz, UUi body 
moat be di-bromo-p-amido-phenol, and since it 
is formed from CJ^NHJBr, [1;2:4:0] its con¬ 
stitution is as given above. It appears to be 
different from Bdhmer's compound, oxploding 
at 137°. 

Diaio-tri-bromo-phenol. 

Ethyl ether, nitrate of. 
C fi HBr J (OEt)N J ,NO,[OEt:N 2 -1:2]. Triclinio 
platos, prepared by brommation of o-diazo* 
phonetol. Doos not explodo when struok. In 
melting-point tubes it explodes at 92°. It if 
decomposed by boiling water into tri-bromo* 
phenetol, the N 2 NO, being displaced by H, not 
by OH (Mdhlau a. Oehmichen, J. pr. 132, 484): 
20 o HBr,(0Et)N..N0 J + 211 0 » 
2C u HBr,(OEt)H + 2N. + 0, + 211NO,. 
Di&zo-bromo-toluene sulphonio acids 

CH,.O ll H. i Br<^y^ ^>. Five aro known: 

p-diazo-m- bromo -toluene o-aulphonio acid 
(Wcokwarth, A. 172,190). ltod crystals. Heated 
with alcohol undor pressure it gives bromo* 
toluene sulphonic acid. 

p-diaio - bromo - toluene m• salphonio told 
(Peohmann, A. 173, 211). Heated with aloohol 
under pressure it gives bromo-toluone m-sul* 
phonic acid. 

diaso-o-bromo-toluena m-sulphonie aoid 

(Schiifer, A. 174, 360). 

diaso-p-bromo-toluene m-inlphonio aoid (S.). 
diaso-p bromo-tolacne o-sulphoaie aoid (8.). 
o-Diazo-di-biomo-toluone p-aulphonio aoid 
(Hayduck, A. 174, 352). 

Diazo-camphor v. Camphor. 

Diazo-p-chloro-benzene [1:4] C,H 4 Cl.N t OH. 
Yellow explosive powder, ppd. from its salts by 
IIOAc. Salts.—C„11 4 C!.N„.N0,: white plates.— 
C„II 4 CI.N 2 Br,: yellow prisms.—C,H 4 Cl.N r — 
(C.H.CIN.ClJjPtCl, (GrieBS, Tr. 1864, iii. 706). 
Anilide v. Diazo-bonzeno p-chloro-anilidt. v 
p- Chloro-anilide C B H 4 Cl.N,.NH.0 g H 4 01 
[125°]. 

Diaso-di-chloro-benzene. 

Salt sC.H^.N.NO,. — C,H J Cl 2 .N. 1 Br,.— 
(C (j H a Cl 2 .N 2 Cl) 2 PtCl 4 (G.). 

TJi-chloro-anilulc ^11,01,.N r NlI.0,11,01* 
[127 J ]. Needles, v. si. sol. alcohol and ether. 
Diazo-chloro-nitro-phenol 

CJIaCIfNOJ^Q 2 ^. From chloro-nitro-amido* 

phenol (Gricss, A. 113, 216). Brownioh*red 
columns (from alcohol). 

Diazo-di-chloro-phsnol OJI^GI^q*^. Frdfe 

C ll II j (OH)Cl.,(NH ;: ) [1:3:5:2] (Schmitt a. Gluts, 
IS. 2, 62). Brown fiocculent powder. 

Diazo-tri-chloro-pbenol 0,1101^^*^. From 

tri-chloro*p-amido-phenol (Lamport, J. pr. [2] 
33,876). Golden needles, explodes at 187°. Bl. 
sol. hot alcohol or benzene, insol. ether. 

Reactions.— 1. Boiling alcohol gives a tart, 
chloro-phenol [54■'J (253').—2. Cone. NajSO*^ 
forms C,HCl,(ONa).N 2 SO,Na, of which thf 
acid G fc HCl,(0H).N 2 .80 1 H, explodes at 200°, and 
forms an orange crystalline barium salt.—6. HI 
forms O.HCl.I.OH. 

Diazo-chloro-thymol obloride 
0*BClMePrfOH).N.GL Bv the action of W-A- 
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a cold Alcoholic solution of hydrochloride of 
ehloro-arnido-thymoJ (Andreaen, J. pr. 181,180). 
Precipitated by ether. Colourless needles, often 
grouped in fans. 

o-Din 20 -cinnamic acid. From amido-cinna- 
mio ucid (10 ptn.), 1IC1 (9 pts. of B.O. 1*19), 
water (70 pts.), and NnNO r The chloride 
separates an a yellow powder (Fischer a. Kuzel, 
li. 11. 17 H; A. 221, 272). The nitrate 
C # M,(N,NO J ).<, , II:Oil.(^O.JI forms clear prisms. 
Doth salti may be boiled with potash without 
giving off nitrogen, but they are decomposed by 
boiling water, forming o-eoumaric acid. With 
Na. 4 SUj they form C„H l (N T ,SO J Na).CH:CH.C0.1I > 
whence, bv reducing with zinc and MCI, 
C % H,(Nli.N lI.H(),Na).CH:CM.CO,M. The latter 
forms slender needles. It reduces IlgO in 
the cold, and Fehling’s solution. MCI in the 
Cold converts it into hydrazido-cinnamic acid 
(•1- V')' 

ji Diazo-cinnaraio acid. The chloride 
C„II 1 (N:N’.n).( , ll:(;iI.C0 4 M is prepared by tho 
action of NaNOj on /eamido-cimmmic acid 
•uspemled in MCI (Gabriel, li. lo, 2900). Long 
nwidles (containing aq). M. sol. water. Can bo 
dried at a gentle heat w.thout decomposition. 

p-Dlazo-croiol Mc.0„H 3 <^>. Formed by 
dinzotiHiiiK C„II 3 Me(NH,)(()iJ) [1:3:4] (Wagner. 
li. 7, 1-70) (MuO„li 3 (OH).N 3 CI) 3 PtCl,: powder 
m. sol. water. 

Diazo ^-oumene-iulphite. 

Halt. U„i 1.(011,)j.N,.HO,Na [1:8:4:0J. Trans¬ 
parent prisms (cuntainirg 2>j). Not explosive 
(Muller, li. 18, 90). 

Diaso-i)-cumene.cumide, Diazoamulocumcne 
[1:8:1:I1J C u ll.Mo,.N:N.NlI.C,H.,lle, [0:1:3:!'. 
[131°J. l-nrmed by tho combination of diuzo- 
emueno with cumidino (Nailing a. Ditumami, li. 
1H, 1117). Yellow tables (from .■thor). V. sol 
benzono, otlior, and acetone, m. sol. alcohol 

Diazo-cuminic-nmido-cumink acid 
l'r.C.II,(a) ; ll).N,Nll.C.|| J |. r .c„. l( . Formed 
by passing nitrous acid into an aleoholic solution 
of amiito-eiinume acid at 0’. Minute prisms or 
leaflets (tineas, .1. 117,112). 

Diazo ethane aulphito 0,ir,.N..SO,II. Diaz,o- 
ethane sulfdiomr .u'id. 

Salt.- KA'. Fiiimed by the action of IJ.-O 

‘l!” bydra/.o- derivative 

(•,iI v .NM.MI.SO,K (iMschor, A. l;i|| ;w>) 

W i w# ,'." r 1 >'»->!• by alcohol. Explodes when 
heated. IVenmpoxed by boiling acids, N, and 
HO, coming off. ltedueed by zinc-dust and 
ffuetu) acid to C.If .NM.NH SO K 

V c,i£,.o-N,'-o.c.H, (?) 

V • 4 tu (cate. 108). Prepared by the action 

?1 8 ‘r.m ' Jl v' "'i’ , ArN0 ' ™ K« (Zom, 11. 

11, lb.tlll. Neutral liquid. Exceedingly ox- 

S"*'}?-, 1 " '■n omposed by water with production 
of ftldohvlo and alcohol: (C..M.) O N + HO 
- V cilCt>lt + ..UI,<„ I „ A 6. "id 

o-Diazo-hemipic acid* ‘ 

0«H(OMc) J (CO,H)<^>0. Diazo * di-methory - 

by ‘be action of nitrous 
““.“P® o-aniulo-heunpia acid. Yellow micro- 
•pataUme powder. SI. sol. ordinary solvents. 

■xplodea on percussion or when heated to 


I MOMW 0 . Converted into bemipio aoid bt 
! boiling with alcohol. 

Hydrochloride C 1 H(OMe),(CO^) r N,Claq: 
long colourless needles. 

Tho sulphate forms small prisms (Grilnc, 

B. 19, 2302). 

Diazo-hippuric acid. 

Tho nitra te C0J1.CII 1 .NH.C0.C S H,.N I .N0, 
is formed by diazotising tire nitrate of m-amido- 
hippurio acid (Griess, Z. 1807, 165).—Per- 
bromide C„H,NO,.N.J3r,: yellow prisms. 
Imidc C„H„NO,.N,: tables or needles. 

Diazo-leucaniline v. Hexa-azo-tri-phenyl- 
methane (infra). 

p-Diazo-iodo-benzene C.II.I.N.,OH: yellowpn. 
Halt s.-(C,II,I.N 2 Cl) ,1’tCl,.- C,II,I.N,NO,— 

C. HJ.NjSO,!!: small plates, v. sol. water, si. 
sol. alcohol.-- C a H l I.N„Br 1 .— Imidc CJl.I.N, 
(Griess, Tr. 1804, iii. 700). 

(a) Diazo-napbthalene (Griess, /. 18G(i<4«). 
Nitrate C ( ,H..N,.N0 3 : formed by diazotising 
o-nupbtliylamino nitrate. — Perbromidc 
C|,H,.N,Br, : orange crystals. — Platino- 
chloride (C lu II,.N. 2 Cl),PlCl,. - Imide C„H..N,: 
yellowish oil (cf. Fischer, A. 232, 242). 

A solution of tho chloride neutralised by 
Na,CO, gives a brown pp. Part of this dissolves 
in alkalis and appears to bo C„H.NO, the rest 
is ppd. as minute crystals by adding alcohol 
to its benzene solution. Analysis indicates 
lloth form crimson solutions in 
alcohol, ether, benzene, and glacial acetic acid 
(P. F. Frankland, C. J. 37, 730). 

(3)-Diazo-naphthalene. Obtained by diazo- 
tismg (S)-nnphtliyluniino (I.iebermunn a. Palm, 
A. 183, 207). The sulphate forms pale yellow 
nceuh’8, and tlio perbromidc orange needles. 

(C l0 H..N 2 .Cl)Cu 2 C!/ : very unstable yellow 
PP- which is formed on adding Cu.CI, to a cold 
solution of 0-diazo - naphthalene - chloride. 
(C|,lI r .N 3 .Br)Cu 2 Hr,: red pp.; on boiling with 
water it evolves nitrogen yielding (01-bromu- 
naphthalcne (Lellmann, li. lit, 810). 

(a) - Diazo - naphthalene - ( 0 ) - naphthylamide 
[100 ], Formed by action of nitrous aoid on 
W-naphthylamine, or by ppg. a solution of 
(n)-diazo-naphthnlcne chloride with (ot-naph- 
tliybimine. Brown laminm (from alcohol). 
Acids resolve it into naphthylamine and diazo- 
naphtlmjene (Martius, Z. [2J 2, 137). 
(a)-Diazo-naphthalene zulphonlc acid 

[ 1 : 4 ], Got by passing nitrous 
acid gas into (o)-naphthylamine sulphonic acid 
(formod by sulphonating (a)-naphthylamine) 
suspended in water (Clove, lit. (2] 20, 241; Novile 
“ inther, C. J. 37, 632). Powder, nearly in* 
soluble in cold water. Boiling water converts it 
m» a crimson dye, forming very little nnphthol 
sulphonic acid. Heated with dilute H.SO, (a). 
naphthol p-sulphonic aoid is formed. By heat¬ 
ing with strong H..SO,, or with water at 100’, 
(“l-naphthol is produced. Dilute HNO, (7 to 
16 P.O. HNOJ forms di-nitro-naphthol, (138°). 
Cone. HCF forms a chloro-naphthalene ial. 
phomo acid, whence PCI, forms diohloro- 
naphthalene [G8°j. 

Imid, C„H.(SO,H).N<| [1:4], 
Friazo-naphthalcne-p-sulphonicacid. Formed 

by the action of phenyl-hydraaine upon tba 



W-MphlhrUmto*. 

p-xolphonio Mid, andaniline are framed timul- 
ton»naly: 2C„H^J* +20,H,NaNH i - 

(IHsW-,* C ' H >> + O l .H,(NHJSO,H+ 
C,Hj.NHj. White needles. V. sol. water and 


vtAZ^-oc^yime. 


m 


alcohol. 

Salt. BaA' f : white silvery plates, v. si. sol. 
water ; Phenyl-hydrazine salt 
C-aHjNjH^A : long plates; v. sol. alcohol, nearly 
insol. ether and chloroform (Gricss, I). 20,1530). 

(а) -Diaro-naphthalene sulphonio acid 

C " H <so> [ 1: l , or4']. Similarly prepared 
from tho product of the reduction of (o)-nitro- 
(o)-naphthalene sulphonio acid formed by sul- 
phonating nitre-naphthalene (Clive, III [2] 24, 
512). Yellow crystalline powder. Boiling water 
give, (il-naphthoi (a).sulphonio acid. 

(б) -Diaio-naphthalene sulphouic acid 

q ^>- Microcrystalline powder. 

Formed by diazotising (0)-naphthylamine sill- 
phonic acid (formed by sulpiionating (fl)-napli- 
thyiamino). By boiling with JfCl, converting 
into the K salt and heating with PCI, it yields) 

ohloro-naphthalene-sulphonio chloride [122 ’] 
(Foraling, I). 19, 1715). 

(8)-Diaxo-naphthalene aalphonic acid 

Formod by diazotising (78,8,). 
naphthylatnino sulplionic acid, itself got by 
tho action of Nil, upon Schaffer's (fl) naphtliol 
eulphonic acid at 180 J . Minute crystals. Con- 
verted by treatment with cuprous chloride into 
(8) chloro naphthalene sulphonio acid, whoso 
chloride melts at 110°, and, by distillation with 
PCI, is converted into (<)-di-chIoro-naphthalcnc, 
[186°] (Foraling, B. 20, 80). 

Tetrazo-dinaphthyl UO.N 2 .C„H,.C 10 H,.N,OB. 
Formed by diazotising naphthidine. It gives 
violet dye-stuffs when combined with tho sul¬ 
phonio acids of (ff).naphthol. Ily boiling with 
alcohol it yields (oa)-dinaphthyl. 

Salts.—C a ,H„N,SO/ : yellowish plates.— 
(C,„H 1I N,CI I |PtCl,: sparingly soluble yellow 
needles (Nietzki a. Goll, B. 18, 3256). 

Diaxo-nitro-benialdoxim chloride 
C.H,(NO,)(N:.NC1)(CH:N01!) [3:4:1], Formed 
by tho action of amyl nitrite and HC1 on (3:4:1). 
nitro-amido phenyl-acetio acid (Gabriel, It. 15, 
837). Plates or needles. Explodes on healing. 
On heating with alcohol it gives m-nitro-beuz- 
aldoxim C,H 4 (SO,)(CU:.S’OH). 

n-Diaio-o-nitro-bennldoxim chloride 

C.H.(NO.)(S..CI)(CH:NOH) [2:4:1], Forptcd, 
with evolution of CO„ by tho action of amyl 
nitrite on a HC1 solution of o-nitra-p-amido- 
phenyl-acetic acid (Gabriel a. It. Meyer, b. 1 f, 
826; C. C. 1835, 516). Long red needles. Ex¬ 
plosive. By tlie action of HBr it gives o-nitro- 
p-bromo-benzaldoxim. By hot alcphol it gives 
o-nitro-bcnzaldoxim C,H,(N'OJ(CH:N'OU). On 
oxidation it gives o-nitro-benzaldehyde. Ammo¬ 
nium sulphide reduces it to o-amido-benzaldoxim 
OJH,(NHJ.CH:NOH [133"). 

-m-Diuc-nitro-benxcne. Formed by diazo- 
Uaing m-nitro-aniline. 


■Msesp*^ 

Tmidt C.H,(NOJ.N r (52'}. 
p Diaio-nitro-bcnacae. Formed by AW 
rising p-mlro-nnilino. 

Nitrate C.H,(N0J.N ! .N0 1 : .lender noodJci, 
Gives no pp. with PtCI,. 

Imide C,H,(NO..)..V,. [71 ’1. 
m-Diaio-nitro-bouiene.il tthyl-tcluide 
[3:1] C„H,(NO.) -N-- Nlrt.C„H,M« [1:4]. [55°], 
From m-diazo iutro-bimzi’iie- chloride and ethyl. 
P-tobnd'"e (Oastigor, lit. [2] 42,312). ltesolvod 
b) dilute HG1 into its generators. 

pDiaxo-nitro-beuiene-pethyl-toluide 

[J:J]C,H,(SOj -N g —NKt.C,H,Me [1:4], [105"]. 
lellow needles (Gur tiger, Jil. [2j 12, 312). lt 0 . 
solved by HC1 into H-diazo-uitro benzene chloride 
and ethyl-p-toluidino. 

m-Diaso-nitro-benzene-w-nitro-anilide 

[3:1] C H lI 4 (N(),).N,.Nll.C n II 1 (NOJ [1:3]. [195®]. 

Formed by tho action of nitrous add (1 mol.) on 
m-nitro-aniline (2 mols.). Small red prisms, v. 

; si. sol. alcohol (Griess, A. 121, 272; Meldola a. 
rSur 1 ^ 1 *’ P' Insol. hot aqueous 

A 01 I; but the potassium salt separates as brown 
crystals from a solution in uleoliolic KOH. Cold 
liClAq gives m-nitro-anilino and m-diazo-nitro- 
benzene chloride. 

p-Diazo-nitrobenzenop-nitro-anilide 
[Gl] C, 1 I1,(N’0,).N..NH.C„H,(N'0 1 ) [1:4). [228°}. 
Formed by the aeliun of nitrous acid (1 mol.) on 
p-nitro-aniliuc (2 mols.) (Griess, A. 121, 271; 
Meldola a. Streatfeild, C. J. 49, 624). Small 
yellow needles, m. sol. boiling alcohol. Possesses 
distinctly acid properties, decomposing Na-CO,. 
Cold alcoholic 1C01I or boiling aipicous KOH 
form a magenta-coloured solution of the potas- 
sium salt, ft forms p-nitre aniline when boated 
witli diluto II BO, or with water in sealed tube* 
at 230°. Cone. JIC1 at 20° gives p-diazo-nitro- 
benzene chloride and p-nitre-amlino. 

Salts.—C,H,(NOg).Ng.N.Va.C.II,NO,: forms 
steel-blue needles, solublo only in qxooh of 

alkali,-(C,H,(NOg).N,.(C,.H,,NOg)j,Cu.— 

{O s H,(N() a ).N„(C,It,NO,)|,Cd.— 

, (C.H,(NOg).N 1 .(C„H 1 N6,)|.Co. 

m-Diaxo-uitro-beaxeae-p-nitro-anilide 

fdoriaKyidNOJ.Ng.NHAH.fNOg, [1:4 or8J. 
i I"** J* rrom diazotised wi-nitro-anilino hydro- 
; chloride and ^-nitro-Unilinc ; or from diazotised 
^-nitro-aniline hydrochloride and m-nitro-anilint 
(Meldola a. Streatfeild, C. J. 51, 103, 430). Yel¬ 
low needles (from alcohol). Dissolves in NaOlIAq, 
forming a red solution. Cold aqucoiiB 'HOI 
gives rn- and p-diazo-nitro-benzeno chlorides 
and m- and p-nitro-ariiline. 

m - Diazo - nitro - benzene - m - nitro - beniyl. 

anilide [3:1] C 6 II 1 (NOj.N 2 .NC i H ; .C.H,(N0 2 )[li33. 
[142°]. From m-diaz i-nitro-beuzene-w-nitro- 
anilide, alcoholic KOH, and benzyl chlorid* 
(M. a. S.). IIClAq at 100' J gives m-chloro-nitro* 
benzene and m-nitro-benzyl-aniline. 

;)-Pia 2 o-nitro-benzene • pnitrobenzyl- anllhU 
[4:1] C,H j (N 0 2 ).NVNC,U,.C,H 1 (N0J [1:4].[190°). 
From ^-diazo-nitro*benzene-j?-nitro-benzyl-ani. 
lidc, alcoholio KOH, and C,H,C1 (Meldola a. 
Streatfeild, C. J. 51, 112). Minute yellow 
needles. Cone. HC1 decomposes it at 100° into 
p-nitro-benzyl-awline and j>-chloro-nitro*b«i. 
zene. 




Hit [4:t] WOAOAWil . 

S Piom m-diazo-mtro-benzene -p-mtro- 
alcoholio KOH, and benzyl chloride 
-(Meldola a. Streatfeild, C. J 61,114). 

w-Diazo-nitro-bentene-wi-nitro-ethyl-anilide 

J8:l] C l H < (NOj.N,.NKt.CJI 4 (NO,) [1:3]. [119°]. 

From m-diazo-nitro-benzene-ro-nitro-anilide by 
treatment with KOH and EtI. Also from 
m-diazo-p-nitrobenzene and m-nitro-ethyl- 
4 miline. Needles. Cdld cone. HC1 forms m- 
diuzo nitro benzeno chloride and rn-nitro-ethyl- 
aniline (Meldola a. Streatfeild, C. J. 51* 108, 
441). 

p-Diazo-nitrobenzene-p-nitro-ethyl-aniKde 

[4:1] C h lI,(NOJ.N...NEt.CJ1,(NO..) (1:4;. (192°]. 
Formed by the action of Ktl and KOll upon 
©-diazo-nitro - benzene -]>- nitro-ethyl - anilide 
(Meldola a. Klreatfeild, 0. J. 49, 631). Or from 
diuzotiml p-nitro aniline and p riitro-ethyl- 
•aniline (M. a. H., C. J. 51, 111, 412/. Yellow 
needles, v. si. sol. alcohol, insol. alkalis. De¬ 
composed bycold 11 Cl intop-diazo-nitro-benzene 
chloride ami p nitro -ethyl aniline. 

p-Diazo-nitro benzene-m-nitro-ethyi-anilide 
[4:1] C.II,(NO,).N..NKt.C.H^NO,) [1:3]. (187 a j. 
From diazotised p nitro-amlino and wt-uitro- 
cthyl-aniline (Meldola a. Streatfeild, C. J, 51, 
111, 442). Orange needles (from alcohol). V. 
tl. sol. alcohol. Cold cone. 11C1 gives ?u-nitro- 
ethyl-uuiliiicuud p-diazo-nitro-bcnzenc chloride. 

rn - Diazo - nitro - benzene -p - nitro - ethyl- 
anilide (?). 

13:1] C,ll 4 (NO,).N s .Et.C H H,(NO a ) [1:4]. [148°]. 
Prepared by digesting the potassium salt of in¬ 


benzene (Nietzld a. Benktor, S. 18, 501)^— 
C.(N 0 2 ) (N,OH) (OH )(0Na)0, aq: long yellow ex¬ 
plosive needles.-C,(N0 2 )(N a 0H)(0H)(0Ag)0 # : 
yellow explosive plates. 

Diazo-nitro-phenol CgH^NOJ^Q*^. From 

C li H s (OH)(NH v )(NOJ [1:2:4] by diazotisation 
(Griess, i. 113,212). Brownish-yellow granular 
mass; v. si. sol. hot water, v. sol. alcohol. Ex¬ 
plodes at 100°. 

Methyl ether. 

Nitrate C B H. l (NO z )(OMe).N a .NO l . Formed by 
diazotising nitro-anisidine (Griess, J. 18GG, 459). 
PI a t i noc hlo ri d e} C 8 II 3 (N0 2 )(0Me)N 8 Cl},PtCl 4 
Perbromidc G„H 3 (N0 2 )(0Me).N 2 Br l . 

Imide C tt H J (NO i )(OMc)N,: needles. 
Methoxy-nitranilido 

C 11 H a (N0J(0Me).N.,.NH.C a H l (N0 2 )(0Me). 
Formed by passing nitrous acid into ar^AJobol 
solution of nitro-anisidine (Griess, A. 121, 278). 

Diazo - di - nitro - phenol C 8 H 2 (NO ) 2 <^q*^* 

Formed by passing nitrouB acid into an alco¬ 
holic solution of di-nitro-amido-phenol (picra- 
mic acid (Griess, A. 113, 205). Yellow plates 
(from alcohol). 

Diazo-nitro-0-phenyl-propionic acid 

[3:4:1] C 8 H 3 (N0 2 )(N 2 .0H)C,,H 4 .C0JI. mtro - 
diazo - liydrocinnamic acid. The nitrate is 
formed by the action of ethyl nitrite and HNO, 
on (3:4:l)-nitro-amido-/8-phenyl-propionic acid. 
It forms short colourless needles which explode 
feebly on heating. Heated with alcohol it 


diazo - nitro-ben/enu-p-nitro-ttnilide dissolved in gives in- nitro -hydrocinnamio acid (Gabriel, B. 
alcohol with EtI (Meldola a. Streatfeild, V. J. 15, 815). 

51, 105). Small yellow needles. Heated with ! Diazo-nitroso-methyl-nitro-benzene v. Diazo- 
J1C1 at 100° it gives w-aml p-nitro-ethjjJ-nnilines nitro-uenzaldoxim. 
and in- and n-chloru uitro-bonzenes. By cold < p-Diazo-nitroso-oxindole chloride 
HOI it is resolved into m- and p-dinzo-nitro-bm- ! p H vnru.rTi /n-m rn/^N.OHW rn 
acne chlorides and m- andp- nitro ethyl-anilines. I WACl or c > n A*- N - cl K Nil > C0 * 
m-Diazo-nitro benzene-;>-nitro-ethyl-anilide I p-Diazo-dioxindolc-oj'im chloride. Small 
[8:1] C B H,(NO.).N „NKt.O B H ( (NO. ; ) [1:4]. [175°]. ' yellow needles. Prepared by the action of amyl 
From diazotisi'd m-nitro aniline and p-nitro- nitrite on a solution of amido-oxindole in HC1. 
Othyl-anilino (Meldola a. Streatfeild, C. J. 51, Is only slightly attacked by boiling alcohol 
110). Yellow needles (from alcohol). V. si. sol. ! (Gabriel a. 11. Meyor, B. 14, 832; C. C. 1885, 
Alcohol. With cone. UClAq it forms p-nitro- ; 616). 

1 ' * o-Diazo-p-nitro-toluene-piperidide 

C^H.^O, i.c. [1:4:2] C fi H 3 Me(NO.).N 2 .NC J H 14 . 
[51°]. Fromp-nitro-o-toluidine [107°] by diazo¬ 
tisation of its hydrochloride and subsequent 
addition of piperidine (Wallach, A. 235, 2-48). 
o Diazo-nitro-toluene p-iulphonio acid 

C 8 H 2 Me(N0 3 )<^j?J ) 3 )>. Formed by dissolving 
o-toluidine p-sulphonic acid in fuming HNO, 


aniline and wi-diazumtro-benzcne chloride. 

p-Dia*o-nitro-benzcne-piperidide 
|4:1] G 8 H,(NOj).N,.NC 1 H, fl . • [97°] (Wallach, A. 

m-Diazo-nitro-benzcne sulphonie acid 

(3) >N, (1) 

| , Formed by diazotisation 

of m-nitro-aniline sulphonie acid (1.3.G). White _ _ x __. s ._ 

microscopic tables. By heating with absoluto and ppg. with ice-water (Hayduck, A. 172,117). 
alcohol under an extra pressure of 400 min. it j Boiljng alcohol under 11G0 mm. pressure does 
is converted into p-mtro-benzeuo sulphonio acid j not attack it. 

(Limpricht, i>. 18, 218U). j p - Diaso - nitro - toluene o- sulphonie acid. 

Formed by dissolving p-toluidino o-sulphonio 
acid in cold fuming HNO, (Weckwarth, A. 172, 
202). Large dark-red prisms. Alcohol heated 
with it under 1,000 mm. pressure gives nitro- 
toluone sulphonie acid (Pagel, A . 176, 304). 

P-Diaso-nitro-toluene m -sulphonie acid 
C r U,Me(NO ! )N,80 t [1:2:4:5]. Formed by diz- 
solving p-toluidine m-sulphonio acid in fuming 
j HNO, (Pechmann, A. 173, 214), and also from 
i C,H,Me(N0,)(NEyS0,H [1:2:4:6] and 


Diaso-nitro-benzene disulphonio acid 
0«H 1 (8O,H)(NO 3 )<^^*^. Formed by diazo- 
lising m-nitro unilinc disulphonio acid (Lira- 
prioht, B, 8, 289). Boiling alcohol forms w- 
rutro-henicne disulphonio acid. 

Diaao-nitro-benzoic acid 

^>. Explosive yellow lamina 
(Balkowski, A. 173, 63). 
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OBfr f of tha theoretical quantity of nil 


epmes off; when boiled with FejCl, all oomes off. 
Boiling aloohol does not affect it, but in a 
sealed tube at 100° it is converted into o-nitro- 
toluene ro-sulphonio acid. 

p-Dia*o-di*nitro-toluene o-sulpbonlo acid 

C t HMe(NOJ, Jq ^>- From p-toluidine o- 
sulphonic acid and fuming HNO, (Pagel, A. 
176, 806). Yellowish needles. Not affected by 
alcohol boiling under 1,000 nun. pressure. 

Diaxo-oxy-acrylic ether (?) 

CjH.N.O, i.e. CN,:C(0H).C0 2 Et (?). (112 ) at 
717 mm. V.D.« 6 0 (obs.). Yellow oil of strong 
peculiar odour. Volatile with stcum. 

Formation.— Gelatine, swollen with water, 
ii warmed with absolute alcohol whilst HC1 gas 
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adding ether (Schmitt, B, 1, 67; Bdhmer, J.pr. 
182,460). Hhonibohcdra. Bromine-water added 
to its aqueous aolution forms a yellow pp. of 
diazo-dibromo-phenol (q. v.f. 

Sulphite C ll lI l (011).N i ..SO s K aq. Golden 
scales, got by adding KilSt), to G.H^OHJ.N/U 
(Schmitz a. Glut/., B. 2, 51; Beisonegger, A* 
221,814). 

Vlatinochloride (C ll Il l (OII)N,Cl),Pt01 4 . 

m-Diazo-phenol. Ethyl derivative (Vfia* 
ner, J. pr. [2J 82, 70). 

p-Diazo-phenol. Nitrate O a H,(OH).N,NO«. 
Formed by passing nitrous acid gas into a cold 


is passed in, it soon dissolves and after dis- j 
off the alcohol a tliick brown syrup is j 
left; ill* latter, which appears to bo the 
hydrochloride of amido-oxy-acrylio ether 
CH(NH,):C(OII).CO,Et yields the diozo-ether 
when its concentrated aqueous solution is treated 
with NaNO,; it is purified by distillation with 
Bteam; the yield is 150 grms. from 400 grms. 
of gelatine. 

Reactions. ~Acids eliminate its nitrogen, but 
it is very stablo towards alkalis, with tho ex¬ 
ception of NH„ which even in the cold soon 
splits off CO, and alcohol. By zino-dust and 
acetic acid it is reduced first to a hydrazine and 
finally to an amido-acid. An ethereal solution 
of iodine converts it into di-iodo-oxy-acrylio 
ether CI,:C(OII).CO,Et which on treatment with 
cold aqueous Nil, loses CO, and alcohol and 
yields di-iodo-vinyl-amino CI,:CH(NH 2 ). It 
reduces AgNO, in the cold (Buchner a. Curtius, 
B. 19,850). 

Diazo-o-oxy-benzoic acid 
C,H,(CO i H)<£ j [CO,II:0:N -1:0:3]. 

Diato-salicylic acid. Formed by passing N v O, 
into an aqueous or alcoholic solution of hydro¬ 
chloride of amido-saticylic acid and concentrating. 
Crystallised from water (Hchmitt, J. 1804, 384 ; 
Goldberg, J. pr. [2J 19, 302; P. F. Frankland, 
O. J. 37, 749). Slender needles. 

Reactions.—1. Boiled with cone III it gives 
iodo-salicylic acid [19G 5 ] (< 7 . v.). 2 . Mercajdan 
at 170° gives salicylic acid (Schmitt a. Milten- 
«wey,/.pr. [2] 18, 193). * 

Chlorido. — 0.11,(00,11) (OH)N,Cl. - Pla- 
tino-c hloride{C a H,(CO,H)(OH)N,Ci},PtCl 4 . 

Diazopoxy-beazoic-amido-oxy-benzoie acid. 
Dimethyl derivative. 

Diazo-amido-anisic acid 
C g H a (O.Me)(COJl).N,.NH.C a H l (OMe)(CO,H). 
Formed by passing nitrous acid gas into a $old j 
alcoholic solution of amido-anisic acid (Gricss, 
A. 113, 337; 117, 45). Amorphous powder, 
insol. water, alcohol, and ether. Warm cone. 
HC1 converts it into a red acid O la H, 4 0,.— 
Na^'l^aq.—KjA'^aq. -ELA": narrow leaflets. 

Diazo-oxy-cinnamic acid. 3/ etleyl deriva¬ 
tive C < H 1 (N,OH)fOM e ).CH:CH.CO,H [6:2:1). 
Formed by diazotisingmethoxy-amido-cinnamio 
acid. The chloride forms yellow crystals, 
Which decompose at about 102°. The nitrate , 

u|(JSoiTneedle* whkL^lo^atYea 0 , nearly 1 


ethereal solution of phenol (Weselsky, Site. B. 
1875, 9; B. 8, 895), or of p-nitroso-phenol 
(Jiiger, B. 8,894). 

Prt'inration.—By passing N.,0, into alcoholic* 
solution of hydrochloride of p-amido-phenol* 
adding strong HNO, and cooling strongly (Boh- 
mer, J.pr. 132, 450). 

Reactions.-1. By warming with dilute 
HBr (16 per cent, solution) it does not give off 
nitrogen, as diazo-benzeno nitrato would do, 
but forms di-azo-di-bromo-bonzono in accordance 
with tho equation: 

6C.U.< N °" 0 .+9HBr- 

8C.H.Br,<§ +3C.H.<,; )1 1 I Jr +3NO,+JN<>+»n > a. 

Chloride C f H,(OH).N,CI. Portnoi bjr 
diazotising p-amido-phenol hydrochloride. 
Converted into hvdroquinono by boiling oono. 
11C1 or dilute H’SO, (Schuler, B. 9, 1100). 
Heated with mercaptan it gives phenol and 
(C.1IJ..S,.^Schmitt a. Mittenzwey, J. pr. (2) 18, 
194). -(<XH ,(011).N,Cl),PtCl 4 . 

Bromide C„H,(Oil)N,Br. Formed by fuss¬ 
ing N,0, into an alcoholic solution of the hydro¬ 
bromide of p-amido-phonol (C. Bolmicr, J.pr* 
132, 451). Precipitated by ether. 

Platinobromide (C a Il,(OH) N ,13r),PtBr 4 * 
Needles grouped in sphericul segments. Got by 
adding an aqueous solution of PtUr, (prepared 
like PtCl 4 by dissolving spongy platinum in HBr 
mixed with HNO, and evaporating) to one of 
diazo-phenol hydrobromide. If left for several 
days in contact witf/ their mother liquor, the 
crystals absorb eight molecules of water of 
crystallisation changing to blood-rod twin 
crystals resembling gypsum. These are in¬ 
soluble in ether, CS, ajjd CIIC1,, difficultly soluble 
in water. The salt heated with 10 pts. ot 
Na.CO, does not yitdd bromoplienol. 

Sulphate C M H 4 (0lI)N,.h0 4 H. Obtained 
by adding dilute H,SO, to an alcoholio solution 
of tho hydrochloride of p-amido-phenol, passing 
in N,0, and adding ether. Needles. Does ttofc 
explode when heated. Converted by boiling 
HBr into the bromo-pbcnyl ether of hydro* 
quin one (a. v.). 'x? 

Sulphite HO.G l H l .N r SO,K. Frorap-amida. 
phenol, HC1, NaNO,, and K,SO, (Heiseneggor, A# 
221, 316). Yellowish plates. 

Ethyl derivative ,, C i H 4 (OEt)N J OH. Salts.-* 
C,H 4 (OEt)N 2 Cl. From p-amido-phenetol hydro* 
chloride by solution in alcohol and treatment 
with N t O,. Precipitated by ether as an oik 
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Cry»talliM§ when cooled to - 18°. Bat if H,S0 4 
be added to the Alcoholic eolation of the chloride, 
avoiding ri»« of temperature, crystal® of the 
sulphate 0 # H l (0Et)N r S0 < H B**parate. Boiled 
with water this forms C,,11,(0 Kt)(OH), hydro- 
<juinone mono ctlivlic ether (q. v.) (iiantzsch, 
J.pr. 1 30, 4 01). 

Mr. thyl derivative. The salts are formed 
by dfazotisiug /Mini.siilino (Salkmvski, 7i. 7 , 
100!)): f!.Ji 1 (OMo).N,NO r CJl,(OMe).N,.SO,H. 

Diazo.phenol-carbamicether. Ethyl deri¬ 
vative 

/N -CO Kt. 

C.II,(«Kl)/ \ ' 

\V./ 

, Prf/xinition.- Hy passing N.O, into a snlu- 
tion of the hydrochloride of othoxv-amido- 
plienyl-urethane, CJf,fOKt)(NJI..).NJl.CO..Et > 
II01 (Kohler,,/. pr. f 2 ) 21), 273). 

Properties. - Slender, silvery-whito matted 
needles. Insol. water, sol. alcohol, ether, and 
glacial acetic acid. Decomposes below 100°. 

Itcnetions. 1 , Does not explode. -2. Not 
affected by bailing alcohol. -3. Boiled with soda, 
it is decomposed with evolution of nitrogen. 

Diaso-phenol sulphonio acids 
O.IIdNdJIllfOIDfSOJD f 1 : 1 : 3 ] and [3:4:1] aro 
uiistahle crystalline acids obtained hy diazo- 

tising the correspondingamido-phenol sulphonio 

acids (Beiiuowitz, J. pr. {2J 8 , 52). 

Diaao phonol disulphonic’acid 

CJiglSOjII),^^. From ;>-amido-phenol di- 

sulphonie acid ( 7 .t>.) (Wilsing, J. 215, 238). 

Halt. Jv^^nq. Small sulphur - yellow 
needles. Warmed with water it forms bydro- 
qumnne disulphome acid. J 

p p l etra-azo-diphenyl 
Kitrutc NO,N : .C: i ll l .C, 1 lI 1 .N.,N(f. Formal 
l>y passing nitrous acid mis into nil alcoholic 
Bolution of nitrate of benzidine, and ppg. with 
ether ((moss, lr. lrtf.l, iii. 71tt,. Whit?needles, 
v. sot water, sol. alcohol, insol. ether I 


rosanfline hydrochloride (H. ». 0. FSsohar. A 

194,274).—0, JH^N.OIjSAaOl,. ’ 

Hexa-axo-tri-pbenyl-earbiayl cyanide 

Chloride {C,H,(N,CI)|,0.CN 2aq. From 
hydrocyano-p-rosaniline hydrochloride by diazo- 
tisation. Slender needleR, t. sol. water. Gives 
ill' 1 “ in « (C.H,0H).C.CN (Fischer, A. 

Hexa-azo-tri.phenyl-methane chloride 

(CJi.NjClj ,CH. Diazo-p-lencaniline. Formed 
hy diazotising tri-amido-tri-phcnyl-methane. 
hydrochloride (E. a. O. Fischer, A. 194 , 269), 
Gives p-rosolic acid (anrin) when boiled with 
water. 

Di-azo-phenyl methyl ketone sulphite of 
sodium CII J .CO.C.H 4 .N 2 .SO,K. Formed by di- 
azotising o- amido-acetophenone and treating 
i * ho f^uct with KjSOj. On reduction it gives 
1 ‘*1° hydrazine salt: CH i .CO.C.H,.NH.NHSO.K 
whence IlCl forms methyl-indazol 

,<JMc ' - 


^”^ \n—N il ^ I>IDiX0L )- ^hc aqueous solu- 
tion of the hydrazine salt changes to 

yO.UO 

C,H,< |\ 


\ 


•N 


w- S 4 * Na mcth >’ 1 - i ndazol sulphonate 


Pcrhrom .,/Hr 1 N‘„C, 11.(1 II M n r 
^W'*™**.* 3' c Ci>w plates. 

£idh^ : white 

..0 H..N-.NC H i 

dii'ie '’•'.'’'"“tisatio" aiid treatment with pijwr!-’ 

£.M.”i(«‘r ,, "" diphenyl »• Witt, 

Diaio.phenyl-carb&mic ethor 

o.n^ N, )> 


of sodium (l'jscher a. Tafel, A. 227, 305). 

Hexa-azo-di-phenyl-tolyl-carbinol 

Chloride (C H,N 2 Cl) I C(OIl).C.H.MeN..a 

Diazo-rosantlmc Formed hy diazotising rosani- 
i'J 10 hydrochloride (Caro a. Wanklyn, Z. 1866 
oil; E. a. 0. Fischer, A. 194 , 279). Gives 
!r,;° r ??, oHo aoid whcn hoiled with water.— 
<<WUWMJ tCl.fiaq.- C ! „H li N,Ci 1 3AuCl J . 
Hexa-aio-dl.pheuyl.tolyl - carbinyl cyauide. 
C h loride (C.H,N ! Cl) 1 :C(CN).C.H I M e N,Cl. 
Duuohydrocyan - rosanilinc. — Gold salt — 
G,„1I 11 (CN)N„C1 1 3 AuCI v 8aU ’ 

methyl ether 
GJI.tOLtJjN.CI. From tlio amido- compound 
(1 ukall, D. 20 , 1136). Unstable crystals ** 
Diazo-roaaniline ( v. supra ) 

Acm DU,0 ‘ ,aUOyUO 1Cid V ' ^o-oxY-tmuzoio 
Diazo-succinamio acid 

CO,II.CII.,.CN,.CONH r 
Methyl ether A'Me: [84°]; long yellow 
prisms (from alcohol). Formed by the action 
Of aqueous NH, npon methyl diazo-sucoinate. 
Uy decomposition with cold slightly aoidified 
'Water it yields methyl fumaramatc and methyl 
f>S a ^' Heated with benzoic acid at 140“- 
160 it gives mothyl bonzoyl-malamatc. Iodine 
m ethereal solution con-erts it into methyl 
di - lodo - auccmamate — CO .Me.CH,.CL.CONIT 
(Curtius a. Koch, B. 19, 2460). 0NH * 

n,aJ' ,y < 1 et ,’- er C.'H ; N 1 (CONHA(CO,Et 
[H? y lo "8 tlun yellow prisms; easily solnble 
n hot water and alcohol, sparingly in oold 
vatcr aad other. It is not altered by boiling 
P, uro "*ler, but by acids and alkalis is at 
once decomposed with ovolution of nitrogen 
It educed to aspartic ether by zinc-dust ITd 
beetle aeidJCurtiua a. Koch, D18 ?293) 
® i **‘>-»uccinlc acid CjIFNiCOJl),. The 
d ' o me ‘ , 7 1 “" a di-ethyl ethers of this acid 

tlm f’, t i’ n6 n ^ muing i06d solutions of 

the hydrochlorides of the .imrtl. 

ar?/an*' N! S C ^' < s H '' C0 ' R “ na •odium nitrite, 
and adding a fow drops of dilute H£ 0 „ after 
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m 


wumm w* jnpaaot t* ihtteP oat withflthw. 
Ths ethers form dark-yeUow oils whioh h»w 
cot yet been obtained in a pore state. Bv boil* 
ing with water or aqueous adds they are decom¬ 
posed with evolution of nitrogen and formation 
of the corresponding fumaric ether. They 
decompose spontaneously on keeping, evolving 
nitrogen and forming azinsueeinic ethers 
(CO.K) a C < H J :N.N:C..H i{ (CO ; jB)« Strong aqueous 
NH, converts them intodiuzo-succinamic ethers. 

p-Diazo-toluene. 

Salts.—The preparation and properties of 
these Balts resemble those of the corresponding 
diazo-benzeno salts (Griess, C. J. 20, 80).— 
C - H,Mc.N t .NO J : long slender white needles.— 
(CJIjMe.N.Cl) J’tCl 4 : yellow prismatic crystals. 
C 6 H 4 Me.N*S0 4 H.~ C h H 4 Me.N 2 Br r 


tofuidine and an exoeta of add, or upon 
subsequent addition of a little ether. On 
heating with water or aloohol it decomposes, 
evolving nitrogen like ordinary diaio-corapounds. 
By SnCl, or SO, it is not reduced to a hvdratine 
but gives a stable compound C U H I4 N. whiob 
/N-NH 

probably has the constitution C.TL^ I | , 

\n : no,h t 

by bromine this body is reconverted into the 
diuzo-perbromide. By zipe-dtist and aloohol it 
is converted into m-toluene-p-azo-toluenc [68°) 
with evolution of nitrogen. The diazo-imide 
loses nitrogen on heating and yields tolyl- 
,N X 


azimido toluene C 


K 


n) 


N.C.U,identical with 


Dicyanide ( , V H„N 4 or C„H 4 Me.N,,.CN,IJCN. j that obtained by oxidation of toluene a/.o-o-tolui* 
[78°j. Needles or leaflets. Formed by the action ; dine. o-Piuzo-toluene-azo-tolueno reacts with 
of a diazo-tolueno salt on a solution of KCN ! amines and phenols like an ordinary dia/.o- 
. 1038). ! compound ; the products, however, reduce to a 

A nil id c C, ( II|Me.Nj.NIlPh or, alternatively, ! diamino or amido-phenol and tolyl nzimido- 
Ph.N 2 .NII.C b II 4 Me. From p toluidiric and di- | toluene. All the salts have a deep orange-yellow 
azobenzeno nitrate or from aniline und p-diazo- | colour and are tolerably stable. - (',,H n N 4 .Cl“ : 
toluene nitrate. (Griess, A. 137, (50; B. 7, 10111). . red granular crystals. ((J l ,H„N l .(' , lj.l , lGl 4 : yol- 
Narrow yellow leaflets. By warming with phenol low acicular crystals. - C,,H M N ,..%’<)* * : slender 
it gives a mixture of aniline,p-toluidinc, benzene- j red pointed crystals.- (', 4 H„N 4 .S(> 4 II" : red in- 
azo-phenol and p-tolueiio-azo-pheno); similarly j terwoven needles.—C J4 ]I,,N 4 .Br a : (125 '], long 
with resorcin (lleumann a. Occonomides, B. 20, j glistening red needles or compact crystals. 

007). I Itnide C,,II n N,: [85 J, thick yellowish red 

p-Chloro-ctnilide. Formed from p- i crystals; formed by the action of alcoholic NH, 
chloro-diazo-benzene and p-toluidine. By heat- ! upon the perbroinido (Zincko a. Iaiwson, li. 
ing with phenol it gives p-toluene-azo-phcnol j 10, 1152). 

and p-chloraniline (lleumann a. Occonomides,! Product of Reduction C I4 II M N 4 probably 
J). 20, 000). /N -Nil 

Piperidide i.e. 0,11,^0,11,, C 7 Tl£ | | [108°]. Long colourless 

[41°]. From CH r C i> ll 4 .N a Cl and piperidine. ! 'N —N.C,II T 

Prisms (from alcohol or ether). Insol. water, needles. V. sol. hot alcohol, si. sol. ether 
Dry HCl passed into its solution in petroleum- | and chloroform, insol. water. It has no 
ether appears to form an unstable hydrochloride, • basic properties. It is not nffected by 
quickly decomposing into diazotolueno chloride reducing agents. Bromine in alcoholic or acetic 
and piperidine hydrochloride (Wallach, A. 235, j acid solution readily converts it into o diazo- 
244). j toluene-azo-tolueno perbroinido. On addition of 

p-Toluide CJI,Me.N 2 .NH.C 6 H ( Mo. [116°]. ! Ag,0 to its alcoholic solution nitrogen is evolved 
Formed by passing nitrous acid gas into a solu- j and m-p-azotoluenc [58°J is formed, 
tion of p-toluidine in alcohol and ether (Griess, j Acetyl derivative C, i H„N l Ac [134°1: 
A. 121, 277; when pure (by digestion with glistening white plates (Zincko a. Lawson, B, 
alcoholic (NH,);S) it forms nearly colourless 10, 1457). 
large thin prisms (Bernthsen a. Goske, B. 20, ' p-Dia*o-toluene-a*o-toluene 
028). i [2:1J 0,11,(011,) —N,—OJl^CHJ.NjjGlI [1:8:4]. 

p-Ethyl-toluidc CJI 4 Mo.N ;( .NEt.C 8 H l Me. j Prepared by dissolving toluene-azo-p-toluidina 
Decomposed by acids into ethyl-p-toluidine and. in alcohol, adding an excess of HCl, diazotising 
p-diazo-toiueno chloride (Gastigcr, Bl. [2] 42, : by passing N..O, into the well-cooled solution, 


342). 

o-Diaso-tolnene-o-toluide 
[2:1] C,H 4 Me.N I .NH.C,H 4 Me [1:2]. [61°]. 

Orange-yellow powder of microscopic needles. 
Prepared by adding sodium nitrite (1 mol.) to 
an aqueous solution of o-toluidine (2 mols.) and 
HCl (3 mols.) and then neutralising the HCl 
with sodium acetate, the temperature being 
kept below - 5° during the whole reaction. It 
is crystallised by dissolving in cold alcohol and 
adding ice (Fischer a. Wimmcr, B. 20,1582). 
o-Diaso-toluene-aao-telusne C M H„N 4 .OH i.e. 
.N-N.OH 

| • (?) Obtained by diazotising 

toluene-azo-o-toluidine; the salts crystallise out 
when a stream of nitrous acid gas is passed 
into an alcoholio solution of toluene-o-azo- 


and precipitating the diazo-salt with ether. By 
reduction with SnCl, or zinc-dust and acgtjo 
acid in cold dilute aqueous solution it is Split 
up (without formation of a hydrazine) ints 
o-toluidine and tolylcne-p-diamine. 

Salts.—"Cull,,N 4 .NO,: slender brownish- 
yellow needles, m. sol. water and alcohol.— 
C„H„N 4 .Br,: yellow crystalline pp. which 
changes on standing to small violet neodlos.— 
O l4 H„N 4 .SO J Na: glistening scales (from alcohol), 
v. sol. hot. alcohol, si. sol. water. 

Imide C I4 JI„N,: [00°]; long plates; soL 
alcohol and acetic acid (Zincke a. Lawson, B* 
20, 1181). 

o-Diaso-toluene m-iulphonic acid 

[» J]. Precipitated as I 
white powder when nitrous gas is passed into a 
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Bralodw feebly &t 100° {tfevife ». WiaUfet, 0. J. gjwi OAMe(NHAaJOL-. 

J 1 ,« 28 ). DUio-m-xyleae-nUphoufe uil 

o-Btaie-toVuene p-ralpbonie &cld. 0,H^fe,<^[£> [1:3:4:6]. White pp. Sparingly 

Uiniite ,,T", m™ 0 ,. soluble in water. Decomposes at G0°-70°. 

n'fiS 0 ! 1 8 F Combines with phenols and amines. Formed 

Me.C.HdObtj.bU.u [i. . > ,, by diazotisation of ro-xylidine-sulpbonio acid 

p-Diaio-toIuons o-sulpbomc acid. Yellow , N3 | lin „. KoI ._ a 19 138 i 


0,H,Me,<^^p> [1:3:4:6]. White pp. Sparingly 


p.Diaio toIuoae o-sulpbomc acid. Yellow (Nalting a . Kohn, B. 19,138). 
or brown needles (Ascher, A. 101, 8; Jensen, A. Diazo-o-zylene-sulphonic acid 

172,335). Heated with alcohol under pressure Jw . r m . , 

it gives MoC,H I (OKt)(S0 4 H) ltausen a. Palmer, CAMe^gJ >[t< Yellowish white plates. 


Am. 8, 243). 

p-Diazo-toluene m-sulphonic acid 


Stable at ordinary temperature, decomposes on 
heating with water at 60°-70°. Formed by 


TtTin Mm-fl RoUihlo than tho diazotisation of p-xylidine-sulphonic acid 

M ° c - U <w,> L l 3j* More 8olubl ° than CoHjMMNILi)(SO|H) (i : / :2:5] (mi [ Dg a . Kohn, 

the corresponding o compound (Nevilo a. Win- xil). 

ther, C. J. 37, 031). Prepared by passing --- ~ 


DI8AZO- COMPOUNDS. Secondary azo-com- 


nitrous acid gas into p-toluidinc sulphonic acid pourufs. Compounds containing two azo- groups 
suspended in alcohol. Hot alcohol gives tolueno 0 f the form C—N 3 —C. The general meth ods by 
m-sulphonic acid (I’etermann, A. 173, 201). which they may be prepared are giv^j^fTTHB 
p-Diazo-toluene exo-aulphouie acid article on azo- colouring matter* (p"^5G8). The 

OM.Cnt >80, Heated with alcohol under nomenclature here used is like that; used tor 
H ‘XCtl../ 1 azo- compounds. To lind the name of a disazo- 

1,100 mm. pressure itgives C B II,(OEt).CII,.SU a H compound, write down the formula, strike out 


(Mohr, A. 221, 210), 


everything between the two N„ groups, remove 


v -Diazo- toluene - lulphonio-amido - toluene one of tho N a groups, and join tho remaining 

* , _.4.. 4V.. t __ 4_*1__1 „-_tb. 


sulphonic acid. Amide 

[1:4:2] O 4 H,MfiSi) 4 Nll,)N t .Nir.0,ir,M<\S0,Nir, [2:1:1]. 
From C a H 3 Mo(NlI 3 )N0 3 NlI, [1:2:1], alcohol, and 
nitrous acid gas (l’aysun, A. 221, 211). Decom- 


parts of tho formula together and name the 
, [ 2 : 1 : 1 ], resulting azo- compound as directed on p. 369. 
ml, and Then insert after tho word ‘ azo ’ the name of 
Decom- tho central hydrocarbon, preceded by prefixes 


posed by JIC1 into N 3I OjIIjClMe.HO^Nli^ and representing its substituents and followed by 
CgH.mH.lMe.SOjNH.,. ‘azo.’ 

o-Diazo-toluone disulphonic acid Di-amido- benzene -azo-benzene-azo-benzene 


Diazo-toluone disnlphonio aoid 
.r „ _ 


Di- amido - benzene - azo-benzene-azo-benzene 
snlphonic acid 


< Wj BUipjlUUlU UU 1 U 

| [1:8:?]. From N 3 O s and | [-1:1] C a H,(SO a lI)-N a -C B II, -N.-CJI^NH,), 

SO* . ] [1:2:4]. Formed by tho combination of diazo- 

aqueous o-toluidino disulphonio acid at 0° (him- ; benzene-azo-bcnzeno-p-sulphonic acid with m- 
pricht, If. 18, 2176; llasse, A. 230,291). Micro- phenyleno diamine, lied microscopic needles, 
scopio needles. Explosive. Heated with alcohol j V. si. sol. alcoliol and ether. In H.SO, it dis- 
umior pressure it gives C B H..Mo(OEt)(SO*U) J . ! solves with a violet-bluo colour.—KA'2uq:red 

Will, in t .II \r..T/wn in ! ..i_r_ .l.i.. ..i_i l_ 4 „ _i ..n 


With HI it forms C„ll. : MeI(HO a H). r 
Salta. — KA*.—1 hiA' a Imp - l*bA' r 
p-Diaso-tolueno di-sulphonio acid 
N 

O.H,M.)(SO.It)/l ’ . Formed by din 


glistening plates, si. sol. hot, v. si. sol. cold, 
water, dyes silk, wool, and cotton a brownish- 
red (Griess, D. 16, 20351. 

Amido-sulpho-naphthalene-azo-diphenyl-axs- 


/‘’i Amiao-suipno-napninaiene-azo-aipnenyi 

1,11^10(80,11)^ | . Formed by diazotisation naphthylamine sulphonic acid 

. N |?°* . VI1 [1:4:2] C, 0 II i (NH a )(SO,Il) --N 3 —C a H s . 


of p-toluidino* di -sulphonic acid. Yellowish 
crystals, liy heating with HI it yields p-iodo- 


[1:4:2] C 10 H ? (NH 3 )(SOJI)-N 3 -C # H y 


tolueno-di-sulphonio acid; witli IllJr it yields Formed by combining diazotised benzidine with 


p-bromo-tolueno-di sulpk .tic acid. 


(a)-naphthylamine p-sulphonic acid. 


Salts. .VK: large yellow prisms. -A’Jla:« cotton from an alkaline bath scarlet, turned 
yellowish white needles. — A',l*b: small rod j blue by a trace of acid. Tho aqueous solution 

vwimnu (I .tiniivii'lif II 1)4 0I7M1 ..... 1M.. ....1.1... xrir .1...4 


prisms (hinqiricht, If. .18, 2178). 
«^.Qi*^>-toluic.amido-toluic acid 
0,lI,Me(C().,}l).N ,.N H.O*H,Me.COJI. From 
amido-toluio acid and nitrous ether (Grioss, 
A. 117, 59). Minute yollow [irisms (containing 
l»3): insol. water, alcohol, and ether. 
o-Diaio-p toluidine bromide. 

Acetyl derivative 

C„H,Mo(NH Acl .N,Br [1:4:2]. 


is readily reduced by Nil, and zinc-dust, giving 
benzidine and naphthylene-o-di-amine sulphonic 

From acid (Witt, B. 19, 1719). 

rrioss, Benzene-azo-m-diamido-benzene-azo-beaMM 

lining 0 # II 1 --N 3 -C s H 2 (NH)..-r-N 5 -C,H v [250°]. 

Farmed by the combination of diazobenzena 
with chrysoidine. Dark red needles or six- 
sided plates. Sol. hot chloroform and benzene, 
v. si. sol.alcohol and ether, insol. water. Weak 


From C B H,MtqNHAc)(NH..) [1:1:2], cone. lUJr base. Salts.—B'HCl: violet-brown amorphou* 
and cone. NaNO* at O’ (Wallach, A. 235, 249). solid.-B'.U.Cl^PtCl,: violet-brown amorphous 
Heart ion*. -1. Hot AcX) converts it into pp. (Griesa, B. 16, 2028). 

C,H,Me(NHAc)(OAo) fl32f»°].- 2. Nitro ethano Benzenc-azo-m-diamido-benxeno-azo-hsnsens 

and NaOKt give C,ll,Mt“(NHAc).N r CHMe(NO.,). p-sulphonio acid 

HNEi 2 «ivesC.H,Me(NHAc)N t .NKt r C^HJSOjH) —N a - G*H,(NH,),—N t —0 4 B^, 

^ i *t* r idine gives the piperidido: Formed by the action of p-diazo-beniena-sul- 
C,H,Me(>;HAe).N t .NC.lf lu . [154°]. HC1 passed phonio acid on ohrysoldine. Dark-brown mi-" 
into an alcoholic solution of this base gives a eroscopio crystals. Y. si. «ol- i—J 
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4 tr 


•tttf. A'K: reddish-brown plate*, «ol. hot,«]. 

■ft arid, wnler (Qtbu, B. 16?8035), 

Junt.cn* - no - di - unldo - beH««n»-»zo-b»nzoic 

MU a,H.(0O,H)-N 1 -C,H,(NH l ) ] —N,-0,H,. 

Formed by combining m-diazobenzoio acid 
with ohrysoldine (Grieas, B. 16,2032). Brownish- 
red powder. Insoluble or nearly insoluble in 
*11 ordinary solvents. Soluble in alkalis with a 
brownish-red colour. 

(a)-Benzene-azo-m-di-amido-benz9ne-azo-tolu- 

•ne C,H s -N,-C,H 2 (NiyN a —C.H r . fl92°j. 

Formed together with a small quantity of t^e 
(8)-isomeride by the combination of p-diazo* 
benzene with p-toluene-azo-phenylone-diamine. 

Dark-red glistening needles. Sol. ether, chloro¬ 
form and hot benzene, insol. water and alcohol. 

(3) - Benzene - azo-m - di - amido - bonzen e - azo- 
tolnene C 6 H,-N,—CJI.fNHJ, N,.-C,H } . 

1225% Slender yellow needles. Sol. alcohol and 
ether,*.. - 5 sol. chloroform, sol. in water (GrieBS, 

B. 16, 202!*). 

Benzene - azo - w - di - amido -benzeno - p - azo - 

toluene C 7 II. -N, -CJI,(NFI,)., ~N.. CJI V . 

[214°]. Formed by the combination of p-dinzo- 
toluene with ehrysoidino (Griess, B. 16, 2030). 

Dark-red glistening needles. SI. sol. chloroform, 1 
ether, and benzeno. j 

Benzene-azobenzene-azop-cresol 

(4) iI ) (M (2) 

C«H S —N, - C„H, N a - C # II s (CII 3 )(OI1). 1160%! 

Obtained by the action of diazo-benzene-azo- ; 
benzeno chloride (by diazotising benzeno-uzo- ; 
aniline) on an alkalinn solution of p-crosol ; 

(Ndlting a. Kohn, B. 17, 354). Small brown 
needles. SI. sol. alcohol, m. sol. chloroform, ’ 
bonzono, and acetic acid. Dissolves in 1I 3 S0, i 
with a reddish violot colour. i 

Benzeno-azo-benzene-azo-ethyl-(3)-naphthyl- ! NaOTI. Dissolves in H a S0 4 with an indigo-blue 
amine CJl,—N 2 - C r .H,—N.,~C, 0 TI„.NllEt. I colour, anuin alcoholic NaOII with a rod colour 
[142°]. Small red needles. Formed by heating ; (Wallach, B. 15, 2816). 

•thyl-(3)-naphthyl-nitrosamine with an acetic (y)-Compound [222 ]. Large red noodloB 
acid solution o! benzenc-azo-aniline (llcnrhjues, Sol. chloroform, v. si. sol. alcohol. It dissolves 
B 17 2670) : ln strong alkalis with a brownish-yellow colour; 

' Benzene azo-benzene-azo- (8) -naphthol j wit J Ul « f m0 ?» ,our - , tin ?“ d 

C, H S — N,—C„H,—N„— 0,.H..OU. From diaz.o-I 1101 “ 19 reduced to » ni,mB and d,lunido - 


<ya,(oS)-Si-OA. Bmstn** 

disa$ 0 ‘phenol. Phenol-bi-diazo-bcnzcne. [181°]. 
Formed, together with benzene-azo-phenol, by 
treating diazo-benzene nitrate with BaOO, in 
the cold, or by the action of diazo-benzene 
nitrate upon a solution of benzono-azo-phenol 
in KOHAq (Griess, A. 137, 86; if. 9, 628). 
Brown lustrous needles or plates (from alcohol). 
V. si. sol. water, v. sol. KOliAq, v.sl. sol. NU,Aq, 
insol, Na^COjAq. 

Methyl ether 0 M H, t N 4 (OMc) [110°], small 
yellow crystals, v. sol. ether, bonzeno, aoetone, 
and hot alcohol. 

Acetyl derivative O u II ia N 4 (OAc) [116®], 
small yellow needles, sol. alcohol, ether, and 
benzene. 

Benzoyl derivative C,JI„N 4 fOBz) 
[139% small yellow needles, si. sol. cola alcohol 
(NSiting a. Kohn, B. 17, 86N). 

Benzene-azo-di-oxy-benzene-azo-bonzene 
OJij—N s —C a Hj(OII),—N j—CJIj. By the 

action of diazo-benzene ohlorido on an alkaline 
solution of benzcno-azo-resorcin two isomeridoa 
aro formed which are separated by their solu¬ 
bility in aqueous alkalis. A third isomerido (y). 
is formed, together with benzene-azo-resorcin, 
by the action of diazo-henzeno ohlorido on res¬ 
orcin treated with KOH (1 mol.) in dilute 
aqueous solution. 

[a) Compound [216°]. Brown felted noodles. 
Dissolves easily with a red colour in aqueoua 
NaOII and in ILS0 4 . HI. sol. alcohol and ether, 
m. sol. chloroform. Its di-acetyl derivative 
forms brown glistoning needles, [184°] (Wallach). 

(^•Compound [220°). Microsoopionoedlei. 
HI. sol. alcohol and chloroform, insol. aqueoua 


tised benzene-azo-aniline and (3)-naplitbol 
(Nietzki, B. 13,1838). Brick-red powder. 

Benzene-azo-benzone-azo-resorcin 

N 3 —C„11N a —CJI-, (OH) r By the action 
of diazotised benzenc-azo-aniline on resorcinol 
two isomorides are formed which are separated 


resorcin. 

Di-a cetyl-derivative 
C I( ,II„N 4 {OAc) a [ 138°], orange needlca (Lieber- 
mann a. Kostanccki, B. 17, 880). 

Benzene-azo-trioxpfcenzene-azo-benzene 
C ? H ? -N a ~C # H(OH),-:r v -C,H J . Phloroglucin* 
bi-diazo-benzene. Yellowish-brown leaflets. Pre- 


by their different solubilities m aqueous alkalis. p , lred by , he ftclion of diazobenzeno nitrate on 
{a)-Compnund [184 ). Brownish r"d , phioroRlucin (Wwcleky a. Jh-nwlikt, B. '•> 830, 
powder consisting of microscope tables. 1>.«- ! Ben.ene.azo-dioxy-uenzeno-azo.napbthale'n, 
aol™ with a camune rod colour m aqueous c H N C 4 H,(OH) J -N,-C„H,.[166''j. From 
NaOH and m H a SO.. Sol. alcohol, ether, and diazo-benzem clilor.de and an alkaline solution 
eWoroform. , of m-di-oxy-benzene-azo naphthalene (Wallach, 

(^-Compound [215°]. Brown powder. J>!s- y ^ 2 2) 


solves in alcoholic NaOH with a violet-blue 
colour and in H.SO, with a pure blue colour, 
▼. si. sol. alcohol, ether, and chloroform, insol. 
aqueous NaOH (Wallach, B, 15, 2817). 

Benzene-axo-methyl-pyrrol-azo-benzene 
C # Hj—N t —C 4 H ,N Me-—N,—C,II, 
C,H i .N r CJ^CH 

probably $Me| [196°]. Formed by 

C,H i N J .C=xCH 

the methylation of benzene-azo-pyrrol-benzene. 
Bedplates(O. Fischer a. Hepp, B. 19, 2253). 
Vox* t 


Benzene-axo-di-oxy-bonzene-azo-tolusne 

C„1I # --N 2 —C.jH^OII),—Nj— C a H 4 (CH,) [1:4]. 
Prepared by the action of diazo-benzene chloride 
on an alkaline solution of wi-dioxy-bonzene-azo* 
toluene, or of diazo-toluene chloride on an alka¬ 
line solution of benzene-azo-resorcin ; in either 
case the same three isomerides are simultane¬ 
ously produced and are separated by mean* oi 
their different solubilities. 

(a)-Comj>outid [196°]. Golden brown needle#. 
Dissolves with a red colour in BLSCLand NaOH* 

£ 8 



Bel. eteohel tod ohlorolgnn. .1- 
jolntln lot mi yellow needle., [176*}. 

(^■Compound f941®]. Diuolvee with » r«d 
tolour in H.80, and in aqueous NaOH. Its 
dl-acetyl-derivative forms yellow needles, 
[ 106 °]. 

(&)-Oompound {206°). Brownish - black 
microscopic crystals. Insol. aqueous NaOH, dis¬ 
solves in ll 2 SO, to a blue solution. SI. sol. alco¬ 
hol, m. sol. chloroform (Wallach, D. 15, 2821). 

Benzene-azo-oxy-'cymeneazo-benzene 
(a) (l)(4) (3) (6) 

O f H,-N r C 4 HMoPr(OH)-N 3 - C b H.. Thymol- 
bi-diato-benzene.. [1G8°J. Formed, together with 
benzcne-azo-thymol, by tho action of diazo¬ 
benzene on thymol (Mazzara, G. 15, 52, 228). 
Silky needles, sol. ohloroform. By reduction 
with tin and HC1, and subsequent treatment with 
Fe,Cl 4 , it is converted into oxy-thymoquinone. 

Bensene-azo-o-oxy-toluene-azo-bcnzene 

(I) (3> (1) {li) 

0,11,—N,—C„H..Me(OI f) ~N,~C # II S . (115°]. Ob- 
tained by tho action of (2 mols. of) diazo- 
bonzeno chloride on nil alkaline solution of 
o-crosol (Nulling, If. 17, 301). JU-ddish-brown 
plates. V. si. sol. cold alcohol. Dissolves in 
alkalis with a yellowish red colour. 

Acetyl derivative [12l°J, yellow needles, 
V. sol. alcohol, other, and benzene. 

Benzene-azo-w-oxy-toluene-azo-bonzene 
(i) (•.’) M> (3) 

0,H l -N t -0,lI..Me(0II) N a —C B II 4 . [149°]. Ob¬ 
tained by the action of (2 mols. of) diazo¬ 
benzene chloride on an alkaline solution of 
m-crcsol. Boddish-brown plates. Sol. ether, 
benzene, and hot alcohol, si. sol. cold alcohol. 

Acetyl derivative [157°], small yellow, 
lih-brown noodles (Netting a. ICohn, it. 17, 307). 

Benzene-azo-di-phenyl-urea azo-benzene 
0,H s ~N, - C„H ,.N 11 .CON II .C d H, ^,.-0,^. 
[270°J. Formed by tho action of carbonyl 
ehlorido on benzene-azo-nnilinn (Drrju, li. 17, 
U04; C. C. 1884, 871). Small plates. Sol. 
ohloroform and benzene, si. sol. alcohol. 

Benzone-azo-di-phenylthio-urea-azo-benzone 
O i H 1 -N 3 ~C,lI 4 .NH.CS.Nn.C H II r NV-C„H, 
[109°]. Formed as a by-product of tho action 
of phenyl-mustard oil on bctizcnc-azo-anilino ■ 
(Borju, li. 17, nor.). HI. s,»I. hot chloroform, 
tjme, ami aeclio aoid, v. si. sol. alcohol ben- 
lene, and CS.,. ^ 

Benaeaeazo-pyrrol-eto benzene 
O.H. N,-C,H,N-N.-C.lt,, 

C.Hj.N.j.0-. CH 

‘ „ I . [131°]. Obtained 
C.n,.N r 0-CH I 

by combining (2 mols. of) diazo-benzene chloride : 
with (1 mol. of) pyrrol in alkaline solution, i 
Bod crystallmo solid. Sublimable. M. aol. ! 
other and benzene, si. sol. alcohol, nearly insol. 
water. Possesses basic properties. Dissolves 
tu dilute ltd with a reddish-yellow colour; in 
oono. H.SO, with a splendid blue colour. Its 
Jlooholio solution is turned magenta-red by 
tiaOH, reddish-violet by oono. HC1 (0. Fischer 
k. Hepp, B. 19, 9951). ' 

BMuens.aso-nyrrol.iSl-Mo.n.phthalene ! 

0,H,-S,-C < H.N-N,-0„1£, j 

_ G.H.N,.c-cn 

JH I ■ [151-]. Formed ! 



<* 6 * 1 , . 

iloride with pyrrol-uo-beauao, 
in alkaline alooholio solution. Bed platea, with; 
bluish reflection. 81. sol. aleohol (0. Fischer a. 
Hepp, B. 19, 2356). 

Tri - bromo - bensene ■ aso - di. phenyl ■ < 1 . 
Ueisdole-aio-tri-hromo-bensene 

O.H.—N,—C,H^r, 

N 

C.H..G— 

C 10 n !4 N,Br, or | | 

HC-CC.H, 

Y 

[150°]. Orange yellow prisms. Solubleij "— t 
ordinary solvents except water. ^piffTScTby the 
action of tri-bromo-diazo-benflffne chloride on 
di - phenyl - di - iso - indole. — B"H 3 C1 3 : slender 
yellowish-brown needles (MOhlau, B. 15, 2490). 

Di - bromo - oxy - benzene - azo • di - phenyl - di- 
isoindole-azo-di-bromo-phenol. 

0 # H 1 _N 3 -C.H 3 Br 3 (OH) 

if 

O.H.C^CH 
0,„Hj,N,Br < 0 ! or | | 

HC-CO,H, 


Y 


i 

C„H 4 —N 3 —C # H 3 Br 3 (OH) 
[198°]. Yellowish-green prisms. Soluble in 
alcohol, dyes wool orange and silk yellow. 
Formed by tho action of di-bromo-diazo-phenol 
on di-phenyl-di-isoindole. — B"H 3 C1 3 : short 
metallic glistening prisms, insol. water (Mdhlau. 

B. 15, 2192). 

ik-Cumene -azo-?n-di - oxy -benzene-aio- 
cumene 

C, H,.Me t -N 3 -C s H 3 (On) 3 -N J -O.H 3 Me I . 

Formed, together with cumcneazo-resoroin, 
by combining diazo-cumene chloride (from 
amido-pscudo-cumene [02°]) with resoroin 
(Liobermann a. Kostanccki, B. 17, 882). Small 
red needles. Dissolves in H i S0 1 with a red 
colour. Insoluble in alkalis. 

p-Di-methyl - amide - benzene -p-azo - benzene- 
azo-(fl)-naphthol 

HO.C l0 H 4 —N a —0 4 H 4 —N a —CjHj.NMe,. [210°]. 
Got by pouring a diazotised solution ofp-amido- 
bonznno-azo-dimethylaniline hydrochloride into 
a, solution of (/3)-naphthol in NaOH (Meldola, 
C. J. 45, 109) Bronzy green needles. 81. sol. 
alcoholpv. sol. hot 0 a H 4 0 3 , benzene, and ohloro* 
form. Solutions in the above solvents are red; . 
in alcoholic NaOH, red ; in oono. H u S0 4 green* 
turned blue by dilution. An alcoholic solution 
is turned folue by HC1. 

p - Di-methyl - amido-bensene - p • mo -benM&e- 
aio-(a)-naphthol 

HO.0 18 H 4 .N,.C.H 4 .N r C 4 H 4 NMe r Prepared lilt 
its (0) isomeride (M.j. Its properties aft simlUy, 
except that the solution in alooholio KOSt if 
violet. It decomposes below 900°. 




-N,—0,H,—N,—<^H,.NM«,. Bmwq 
wompoaod before melting. SI. aol. 


' , r-;-OI, BUI 

- D iloohol, the solution being reddish- 

oreoge and turned first violet, then blue by 
>*dding HCI. SI. sol. glacial aoetio aoid, the 
eolation being rod when hot, violet when cold. 
Insoluble in toluene. Solution in alooholio 
;,r°“ !’ reddish-violet. Solution in cono. H,SO, 
is violet, becoming blue on dilution (Meldola, 
C./. 46,110). 

Di-methyl-amldo-bonsene-n-aso-bensene-aio- 

phenol 

HO.C.H,—N,—C,H,—N,—C,H,NMej. Brown I 

powder, forming a brown solution in aqueous 
KOH, and a red solution in alcoholic KOH. ! 
Resembles the analogous di-methylamido- ! 
benzene -p - azo ♦ beuzeno - azo - resorcin (a. t\) ! 
-'IfcMola, C. J. 45, 111 ). ' I 

amido-benzene-axo-toluene-azo- 
(^)-naphthol ( 2 ) fi) ( 4 ) 

C,H l (NMe,)-N a -C 6 II J Me-N,-C Io n i .OH. 
From diazotised di-methyl-ainido-bonzeno-azo- 
p-tolnidino and (fi)-naphthol (Wallach, A. 234, 
868). Red neodies (from chlorolonn), insol. 

water. 

Di-methyl-ami do - bensene -aso - toluene - aso - 
phenol 1 3) (i) i 4 > i 

ti.H ) (NMeJ-N,-C,H,M<—N,-C,H,OII.[ino»]. 
From diazotised C„H,(NMe,)—N,—C.II.McNII, ! 
and phenol (Wallach, A. '234, 357). Orange 
needles. 

(«) - naphthalene . aso - pyrrol - (a) . aso - 
naphthalene C„II, -N a -0,H,NH-N,-C„H„ 
o lt n,.N,c=co 

probably NII | . 

C lt H,.N,.C=CH 

Formed by adding (a)-diazo-naphthaleno chloride 
(2 mols.) to an alkaline solution of pyrrol (1 mol.). 
Metallic-glistening needles. Sol. alcohol with a 
dark yellowish-red colour. Dissolves in cone. 
H 2 SO, with a blue oolour (0. Fischer a. Hepp, 

B. 19. 2255). 

(fi)-Naphthalene-azo-pyrrol-(£)-aio-naphthal- 
sne C| 0 H,—Nj—C,H 3 N II-N J -0„H,. 
C„H,.N..O=--CH 

probably bill | . (288°). Formed by 

• C„n,.N ) .C-=OH 

adding (S)-diazo-naphthalone chloride (2 mols.) 
to an alkaline solution oI pyrrol (1 mol.). 
Glistening coppery plates. SI. sol. alcohoL 
The alcoholic solution is turned reddiBh-vioiet 
by oonc. HOI. Dissolves in oono. H,SO, with a 
blue colour (O. Fischer a. Hepp, B. 19,2255). 

m-Nitro-beniene.p-aio-benzene - (a)-aso-(fl). 
uphthol NO a O,H,-N^-C.H.-N,—0„H,.OI1. 
[c.218 0 ]. From diazotised NO,.C,H,.N,.C,H,.NU, 

- and (fi)-naphthol. Small yield (Meldola, C.'J. 

48,113). Orange crystals with green lustre. 

V Solutions in CH.O, and in toluene are orange; 
in alooholio NaOH,violet; in cono. H,HO,grocn, 
turned blue on dilution. 

m-Hltro-beniene-(a)-an>-naphthalene-(a)-ato- 
to)-naphthol 

NO r O-H,—N,—C,,H,—N,—C,.H # .OH. A dark 
amorphous powder. Solutions in toluene, chloro- 
iocm and glacial acetic aoid are red; in cono. 

'0! dark indigo violet, becoming blue on 
““1 in alooholio potash, greenish-blue 
.. , a. J. 46. U8). 

-V • tjk*. 




.. 

HO I -4K l -N,-0 l A_N I -0 1 ,Bt0H. 

From m-nitro. bensene-(«) - aso.(e).nsphthyl. 
amine by diazotising and treating with (8). 
naphthol (Meldola, C. J. 45, 115). Minute 
bronzy needles (from toluene). Blackens at 
245°. Insol. alooliol or glacial aoetio aoid. Solu¬ 
tions in ohloroform and in hot aniline are violsti 
m toluene red when hot, reddish-violet when 
! 111 boiling alcoholic* KoU, blue; in oono. 
ll,SO„ ohvo colour, on dilution, blno and then 
violet. 

m-ni t ro - benzene- (a). azo - naphthalene - see - 
resorcin NO, 0 , 11 , N,-C,.I1„~N,-C,H,(OHl„ 

Bronzy powder, not very soluble. Solutions in 
boiling alcohol arc reddish ; in glacial acctio 
acid, toluene and chloroform, orange; inaqneons 
or alooholio KOH, bluo; in cono. H .SO„ green, 
tdmjiging^tobluish-groon on dilution (Moldola, 

ti- Nitro. benzene-aio-m-xylene-a«o- («).nanh- 
thol NOj.C.II.—N, C.lL.Mc,—N,~ C, X-OH. 

I reparation and properties are similar to those 
of the preceding (0)-compound. 

Sulphnnic acid 

N°,C,H t -N,_0,H I Mo 1 -N 1 - 0„n,{S0,H)(OH) 
Similar to tho corresponding (fij-ooinpouiid, but 
dyes reddish-brown. 

p - N itro - benzene - aso - in . xylene - aio - B. 
naphthol p 

NO a .O,II,--N,—C,H,Me a —N,—0,,H,.0H. [378°], 
1'rom NO..C.H, -N,—O.H a Mo.,N ll a by diaso- 
lisnig and treating with sodium (fl).naphthol 
(Meldola, C. J. 43, 434). Green scales (from 
toluene). Scarcely soluble in alcohol or glacial 
acctio acid. Forms a crimson solution in boil- 
ing aniline or nitrobenzeno, and a green solution 
in oono. I4,S0 ( , turned violet by dilution. 
Sulphoiiic acid 

NO r O,H,.N,.C,H,Me ! .N.,.0 10 H 1 (OH)SO.H, Gotby 
using 0, g H,(OH)SO,H. Dyes olarct-rcd. 

p-Nitro-benzene-azo-m-xylene-azo-phenol 
NO,.C,H,—N a —C,H a Me a —N a —C,H,.OH. Orange 
powder. SI. sol. alcohol and benzene, v. sol. 
hot aniline. Solutions are orange. Solution in 
alcoholio NaOIi is reddish-violot. Solution in 
cone. K.S0 4 is blue (Meldola, 0. J. 43, 480). 
^•Nitro-benzene.&zo-m-xylene-azo-reioreiA 
NO,.C a H 4 —N a —CJI 2 Me 2 —N a —0,11,(011)., • 
[231°]. Brown powuef. Forms orango solution# 
in boiling alcohol, tolueno, and glacial acetic 
acid. Solution in alcoholio NaOH is red, turned 
violet by excess of NaOH. Cone. H t SO. form# 
a blue solution (Meldqia, C. J. 43, 480 f ,V fA* 

p-Oxy-benzene .;^a*o-benzene.(a).ato•(a).lUDlu■ 

thol C,H (OH)- N a —C,H 4 —N 2 -~C le H | .OFI. 

From diazotised p amido-bonzene-azo-(a)^ 
naphthol and an alkaline solution of phenol/ 
(Meldola, C. J. 47, C<*5). Dark amorphoo# 
powder. Its solution in cone. HjSO« is indigo* 
blue; in boiling toluene, orango; in aloohoL 
red; in KOIIAq, dull red; and in tlooboU# i 
NaOH, deep claret colour. 


j. aiuiu ^/-aijiiuu-uwiiieas-azo (p;-nanOram;; 
by diazotising and mixing with an »lV«IW. 
solntion of phenol (Meldola, C. J. 47,686), Bid 
warty concretions. Its solution in cone. HJJO, 
to blnish-green, and become, violet on dilution- 

»al 
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U> toiatfon in boiling tolorae, or boiling alcohol, 
li red. lti relationin KOHAq it reddish-violet 
m-Di-ox, -beniene .p.MO-bmiene-(«)-MO-(«)- 
otphthol 

[4:2:1] C,H 1 (OH) > -N,-C u H ) -N t -C,A(OH). 
Formed by mixing diazotised ^p-amido-benzcne- 
azo-(a)-naphthol with a solution of resorcin in 
dilute NaOH (Meldola, C. J. 47, 065). Bronzy- 
green powder; b 1. sol. toluene and acetic acid, 
forming a red solution. Its solution in KOHAq 
is blue; its solution*in NH,Aq is violet. It is 
decomposed by heat without fusion. 

m-Di-oxy-benzene-p-azo-benzene.(a)-azo-(0)- 

naphthol 

14:2:1] C ( ,H : (0lI) 1 -N,-C,H l --N..-C lu H u .01I. 

From diazotised p-amido-bcnzenc-azo-(0)-naph- 
thol and an alkaline solution of resorcin (Meldola, 
C. J. 47, 060). Bronzy-green powder. Its solu¬ 
tion in cone. 11*80, is deep bluish-green; in 
dilute aqueous alkalis, violet. SI. sol. toluene 
forming a red solution. 

w-Oxy-bonzene-azo-benzene-p-axo-phenol 
[8:1] U().C (1 ll 4 -Np-C.il r • N^-C.11,.011 [1:4]. 
Dark powder. Easily soluble in alkalis. Formed 
by diazolising ainido benzene-m azo-phen<»l ! 
(C,II 4 (01I)~N,—C rt lI,.NH.) and combining it 
with phenol (Wallach a. Schulze, Ji. 15, 8021). 

p-Oxy-benzene-azo-benzcne-p-azo phenol 
[4:1 J IIO.C.H,—N,-- C # II, N, CJ1..0H [1:4'. 
[o. 207°J. From diazotised umido-benzene-p- 
azo phenol and a solution of phenol in dilute 
alkali (Meldola, C. J. 47, 660). Amorphous 
brown powder. Its solution in cone. ILSO, is 
violet, unchanged on considerable dilution; v. 
•ol. NU,Aq and KOHAq forming a rod solution; 
insol. boiling toluene; forms an orange solution 
in hot phenol or aniline. 

m - bl • oxy - benzoue - p ■ axo - benzene - azo - re¬ 
sorcin • 

[4:9:1] 0.11,(011), -N, C\H. N. -€\11,<0II), [1 
From diazotised p-amido-benziuie nzo resorcin 
and an alkaline solution of resorcin (Meldola, 
0. J. 47, 661). Bull bronze-like powder, v. si. 
sol. alcohol, insol. toluene. Its solutions in 
cono. II,SO, and in alkalis are violet. 

Oxy - carboxy - benzene - azo - bonxene-(a)-azo- 
(0)-naphthol 

(4) (3) (I) (»>(n> ( P > 

C B II a (C(UI)(Otl) - NY 0..1I, N:N C,*11,(011). 


alkalln# solution ol (a)-naphthol (Mddob, 0< 

47, 664). Grew Wroni powder; v. al sol 
glacial HOAo, alcohol, ana toluene, m. sol 
boiling aniline, forming a red solution. Its 
solution in NaOHAq is blue, in cone. 11,80. 
blue, turned violet on dilution. With Ao,0 ana 
NaOAc it forms on heating a di - acetyl 
derivative. 

(/ 3 )- 0 xy-(a)-naphthalene-p - azo - benxene-(a). 
axo-(/3)-naphthol 

(3) (a)(1) (4)(a) (§} 

C 10 H 4 (OH)-N:N-C fl H,-N:N-C 10 H 6 (OH). 
[over 275°]. From diazotised p-amido-benzene- 
azo-(0)-naphtholand an alkalino solution of (0)- 
naphthol (Meldola, C. J. 47, 664). Dull bronzy 
powder, or green needles (from hot aniline). 
Insol. boiling alcohol, or NaOHAq; sol. cold 
alcoholic NaOH, forming a violet solution. . SI. 
sol. hot toluene forming a magenta solution. 
Cone. H,S0 4 forms a blue solution, tuna^> 
violet on dilution. 

(a) - Oxy-naphthalene-p-axo*flenzene-azo- (0)- 
naphthol 

(a) (a)(1) (0(a) ^ „ (?) 

C,„H # (0I1) - N :N—C„H 4 —N :N—C,„H u (OH). 
[286'- , J. From diazotised p-amido-benzene-azo* 
(a)-naphthol and an alkaline solution of (0)- 
nnphthol (Meldola, C. J . 47, 665). Dull bronzy 
powder, v. si. sol. boiling alcohol; m. sol. boil¬ 
ing toluene and glacial acetio acid forming 
violet solutions; cono. H*S0 4 forms a blue solu¬ 
tion, becoming violet on dilution. 

(a) -Oxy-naphthalene-p-azo - benzene - axo-(0)« 
napnthol-di-iulphonic acid 

(«) (a)(1) (4) 03) 

C„U.(OH)-N:.V-C.TV-N:N-C 1 .TI 4 (SO.n),(0H). 
From diazotised p - amido - benzeno - azo - fa)- 
naphthol and an alkaline solution of (0)-naphtnol 
di-sulphonio acid. Its sodium salt is violet and 
gelatinous; it is an indigo-blue dye {Meldola, 
C. 47, 665). 

(j8). Oxy - naphthalene - azo - benzene - azo (0)- 
naphthol di-sulphonic acid. Is similar to the 
last body, but of greater stability (M.). 

Oxy-di-snlpho-naphthalene-aro-benzene-aio* 
(0)-naphthol di-sulphonic acid 
C 1 .H t (S0,H).(0H)-.\,-0.H.~N t -C, o lI 4 (S0,H),(0H). 
Glistening greenish needles. Dyes wool and 
silk a deep indigo-blue, which, however, is very 
unstable to light. Is prepared by diazotising 



[above 25 » ]. I'nun diazotised /• amido-beuz- j inono-acetvl derivative of p-phenylene-di- 

cno azo-saheyhe aei ' >— 1 - - *. • - ..... 

of (0)-imphthol ( 
brown needles 
sol. boiling toluene, 

solution in cone. JI .SO, is greenish- j diazotised, and again combined with (0)-naph- 
" j thol-di-sulphonic acid(Nictzki, 13.17,344; 1350). 
| Phenyl - amido - benzene p-axo-benzene-aao- 
| (0) naphthol 

• HO.C, 0 H # -N,-C a H 4 -N,-C B n,NHC,H 1 . 

[ [204°]. From p-amido-benzeno-azo-di-phenyl 
| amine Hy diazotising and adding sodium (0)- 


blue, chnnging to vio!ot*on dilution. Its solu¬ 
tion in KOHAq is reddish-violet. 

Oxy - cymene - axo - tri - phenyl - methane - azo- 
thjraol 

trt'3.4.m\ll,M.’ri(,Om -N t —IVW nimi, 

i«:3 H:(!.M,Mol , nOH) ■ 2f t -11.^ 1,111 “* 
[170% Formed by mixing diazotised diamido- 
Iri-phenyl-mcthano hydrochloride with an alka¬ 
line solution of thymol (Muzzara, o'. 15, 44). 
Amorphous black powder. After reduction and 
oxidation it gives thymoqmnone. 

(«) - Oxy - naphthalene - p - axo - benzene - (a) - 
naphthol 

„ <•) («)(4) GXn) (a) 

(UMOH)~N:N-C,H 4 -N:N~C lfl H.(OH). 
Formed by diazotising p-amido-benzene-azo- 

fa)-naphthol and mixing the product with an 


naphthol (Meldola, C. J. 43,442). Warty scalea 
with bronze lustre. SI. boI. boiling alcohol, ▼. 
sol. benzene. The solutions aro red. In glacial 
acetic acid»the solution is red when hot, violet 
when cold. Solution in cone. 11,80, is greenish- 
blue, solution in alcoholic KOH ia red bat 
turned blue by HCl (characteristic). 

Phenyl - ethyl - amido • benzene • axo-benzene- 
aio-(0)-naphthol 

HO.C.pH,—N,—G,H 4 —N,— C l H r NEt,O l H r 



01SA^OOMK)UNl)a 




from w-diuo-nltro-benaene by combining with 
eihy 1-dr-phenrl-amine t reducing with ammo¬ 
nium sulphide, diaiotising the product and 
treating with (3) - naphthol. Bronzy powder. 
Solutions in alcoholic KOH, alcohol, and ben¬ 
zene are red ; in cone. H..S0 4 indigo-blue, turned 
bright blue on diluting. iiCl turns the alcoholic 
lolution blue (Meldola, C. J. 45, 111). 

p - 8ulpho - benzene - azo - benzene - azo - (ft)- 
aaphthol-(d)-sulphonic acid 

(4) OKI) (<)(«) on (ft) 

O.H 4 (S0.H)-N :N-0.fT 4 -h': N-C,.IT t (SO,HHOll >. 
From diazotised p-amido-benzene-ozo-benzene 
■ulphonio acid and an ammoniacal solution of 
sodium (jS)-naphthol ' a '-sulphonio acid (Buyer 
a. Co., B. 15,1351). The sodium salt is a scarlet 1 
dve (croceine scarlet). Cone. H,SO, forms a 
blue solution. The absorption spectrum 1ms i 
been studied by Hartley (C. J. 51,195). 

p-Bulpho - benzene-azo-benzene - azo - tolylene 
di a mi n e 

C,H,(SO,H)^ VN,-C,n,(NH s ).. lh'cl- . 
dish-brown microscopio needles. Formed by 
combining diazo-benzeiie-azo-bonzenC'p-sul- 
pbonio acid with tolylcno-diamiuo (Oriess, B. 
16, 2036). 

gnlpho -bcniens-aio-di.phe&yl-di iioiudole- 
HO-bensens sulphonio scid 

C.II.-N, - C.H,(SO„Hj 


C^Hj.N.B^O, or 


/ N \ 

C.11,0 - C1I 

IIC - CC.H, 

N/ 


C.H 4 -N a -0,H 4 (S0,H) 
Formed by the action of diazo-bcnzenc-sulphonio 
acid on di-phenyl-di-isoindole. Metallic glisten¬ 
ing brown scales. Very slightly soluble in all 
solvents. Byes silk and wool nearly the same 
shade as chrysoidino. On reduction it gives 
sulphanilic acid and di-amido-di-plu-nyl-di-iso¬ 
indole. 

Salts.—A"Na,aq : yellow plates.—A"Ag a : 
red priBms fMohlau, B. 15,24951. 

Sulpho - oenzene-azo-sulpho-Denzene-(a)-azo- 
(0)-naphthol 

O t H 4 (SO I H)-N,-C,H l (SO,H)-N 3 -C 10 H,.OII. 
From diazo-sulpho-benzene-azo-bcnzeno sul¬ 
phonio acid and an alkaline solution of (£)- 
naphthol (Nietzki, B. 13, 800). The sodium salt 
is a red dye (Biebrich scarlet). Cone. H.S0 4 
forms a green solution. Its absorption spectrum 
has been studied by Hartley (6’. J. 51,194). 

Sulpho • bentene - azo-sulpho - benzene - (0) - 
azo-aaphthyl-p-tolyl-amine (‘ Wool-black ') 
C 4 H 4 (SO J H).N-.C 4 H,(SO,H).Nj.C, # H..NHC 7 Hf. 
The coml. product is a bronzy powder. V. sol. 
hot water with a violet-blue colour. Dissolves 
in ©one. H,S0 4 with a deep indigo-blue colour. 
Formed by combination of diazotised amido- 
sulpho-benzene-azo-benzene-sulpbonic acid with 
p-tolyl - (0) - naphthylamine. By bitting with 
moderately dilute H,S0 4 it is decomposed into 
toln-(a0)-naphthazine [1G9 5 ] and amidoazo-benz- 
ene-di-snlphonic acid: 


The 0» »od Ba nit* hr* innluMe bl*ak ppt, 

(Witt, B. JO, 679). 

p-Toluue ■ aio-m - lUmido ■ bcmanc -a«o-(fl). 
naphthalan. 0^r,-N,-C,H t (NH.) J -N I - 0,,^ 
Formed by the combination of p-diazo-tolu«na 
with (flj-naphlhaleno-ano-wi-phgtiyhmo-di&mm. 
(Grit-39, B. 16, 2031). Small red glistening 
plates. V. sol. chloroform. 

p-Tolaene.ato-othyl-pyrrol-p-aio-toluen* 
C,H, - N,—C.ILNEt—N,—C H„ 
G„U,Mo.N,.(J».Cl£ 

probably $F.t| [180°]. 

C.lI,Me.N-.C~CU 

Formed by ethylation of tolumie-azo-pyrrol azo* 
tolueno; or by combining dia/.o -p - toluene 
chloride (2 mol.) with ethyl-pyrrol (l mol.) in 
alkaline solution. Steel-blue needles. SI. sol. 
alcohol (O. Fischer a. llepp, li. 19, 2254). 

Toluene-azo-dioxy-benzene-azc-tolueno 
C,H,—N; - 0.11,(011),—N, - C,1I 7 . By the action 
of p-diazoiolueno chloride on an alkaline solu¬ 
tion of p-toluene-azo-rcsorcin two isomoridoa 
are formed which are separated by their dif¬ 
ferent solubilities in alkalis. 

(aj-Contpound (250°). Yollowfeltod needles. 
Sparingly soluble in alcohol ami cold chloroform. 

(0) - Compound [203°]. Brownish - black 
microscopic needles (Wallach, li. 16, 2825). 

Toluene-azo-trioxybenzeneazo-toluene 
G.H.Me—N a — C.!I(0n) a -N.-0.1I l Mc. Bong 
red needles. Prepared by tho action of diazo¬ 
toluene nitrate on phlorogluoin (Wesolaky a. 
Bcucdikt, B. 12, 227). 

Toluene-azo-pyrrol-azo-toluene 
C,H J -~-X,«-C 4 II,NH n 3 -c,ii„ 
C,H 4 Me.N r C»CJl 

probably IjHll . [179°J. 

CJI 4 Mr.N 3 .C—Cll 

Formed h/hdding (2 mols.) diazo-p-tolmno chlo¬ 
ride to an alkaline solution of pyrrol (1 mol.). 
Bed prisms with steel-blue reflex. HI. sol. 
alcohol. Its alcoholic solution is turned reddish- 
violet by cone. HC1. Dissolves in cone. Ji..S0 4 
with a blue colour (0. Fischer a. Uepp, li. 19, 
2254). 

Toluene-o-azo-toluene-azo-(a)-naphthol 

(4) (I) (6) 00 (<*) 

0 # H 4 (CH,)-N a -CJI,(CH,)-N 3 -C IB IJ.(0H) l 

N _N~C„li # (OH) 

or C.II a (CU 4 )< | L . [210°]. 

\n-ST- 0 . 11 ,( 011 ,) 

Formed by combination of o-diazo-azo toluens 
with (a)-naphthol. Brownish-red needles (from 
aniline). Hi. sol. ordinary solvents. Insol. 
aqueous NaOH, sol. \lcoholio NaOlt' '$i\a a 
violet-red colour. By HnCl, it is slowly reduced 
to amido-(a)-naphthol and tolyl-azimido-toluene 
C ; H,:N r C,H I , together v -th small quantities of 

i j-toluidino and tolyleno-o-diamine (Zincite a. 
jftwsnii, B. 20, 1178). 

Toluene-o-axo-toluene-axo-(0)*naphthol 
(4) (i) ffi) (2) (ft) 

C.H 4 (CH l )-N ;{ -0 4 II,(CH J )-N J -0 lu H B (OH),or 
y-N—N—C lg II,(OH) 

\< I | . [177°]. Formed 

•N—N—C,H 4 (CH,) 
by combination of o-diazo-azo-toluene with 
(0)-napbthol. Long dark-red four-eided prisms, 
with green reflex. V. sol. benzene', and chloro¬ 
form, si. sol. alcohol, acetone, and petroleum- 
spirit. Dissolves in alcoholic NaOH only slightly. 


C.«,(CU,)^ , 




? H bredMad & (*).amIdo-{i8, ___ 

l-azlmido-tolneno <H.:H,.oJLtegatt« 
Wtih small quantities of p-tolniaine and tolylene- 
p-diamine (Zincite a. Lawson, B. 20,1179). 

Toluene-p-aio-tol u en e as o-0-naph thol 
__ (V (1) 1 3 ) (•»> (B ) 

E C.H ) (CH,)-N 1 -C,H,(C[{ 1 )-N 1 -C 1 „n„(OH). 

86 Formed by combination of ;;-diazo-azo- 
luene with (flj-nuphtliol. Deep-red needles. 
V. sol. hot alcohol and benzeno. By SnCl. 
It is easily reduced, giving (a)-anudo.(£)-naph- 
Jf?. an<1 . - P * diamino 

(Zincke a. Lawson, B. 20, 

1182 ). 

Toluene- 0 -szo - toluene -azo-f/3) -naphthyl- 

1,1 <■) |. 1 | ( 2 ) ' , s / 
»mlneCJI,(aiIJ.N,CJI ) |CIIJ.N'’.C 1 „H,.(Nll. , ) 1 or 

the corresponding hyilrazmiido- formulu. [20a 0 ] 
Formed by combination of odiuzo-tolucneazo- 
toluene with (fli - nnphtliylniiiino. Dccp-red 
gliaterniiK plates. V. sol. benzene and cl.loro- 
form. Jly MnCl. ; it is reduced to tolyl-azimido- 
tolueno CJi.iN.C.If, and (probably) naphthyl, 
•ne-o-diumme (Zinclie a. Lawson, B. 20 1180) 
A20- COMPOUNDS, TERTIARY. 

Oxy-benienep.azo-benzenejaJ.azo-naphthal- 

eneazo-phenol F 

ltmi.il. .V. n.jj.- -n. o, n _n _n n nrr 

f„T VW «y d'iazottoing 

»nd adding: sodic phniato (Meldola, C. /. da, 

orange soluttons'pth Kg aniltcor totocne! 

violet; iu cone. 

th»^ne^«"o-rMorc < in lt0 " i>e!ll<>!le ^^" aZO " ,la ^* 1 " 

(HO) i n.ir i -N.-(j.ir 4 -N,-o 10 Tr,-v-c h torn 
1 rown powder. Its solutions are dull rod* in 

“:j v t‘so,. m ttlt ' ohulic Kon ' 

, b y dutzotismg umido-bcnzene-azo-(iS)- 

S5S‘!^ ,n " *WJW*£T «n<i 




ind adding sodium (R)-naphthof (Meldola, T/ 


^.tu.Ktvitbanalbah^ffi;-;^^,;- 

' . The pp. may he 


(Meldola, C. w . •».» . 4 «., 
separated by erystaUi^Klin™ 
ton Urn 0110 rcm sining in solu- 

lustre! ° hM s, 'l'“ r “ lin 8 ™ needles with green 

iubnZ':!"," 1 ;’ /r °. rm t°- 2!r '°!- Insoluble 

hardly 2l.tb h 'Ti et0, ; 0 ' or K ' Hciul acid, 
n aruiy m,h, | ,|° in eh or.,form or benzene. Forme 

Rototln„• 1 with anilino or nitrobenzene 

cono H sir' . 't’t. blno "hen cold. Solution in 

^SWiSSsf-"-.. 

uahth??/' I,R|,llt h» ll ' n «-p-az o . benzene - (a) .»zo. 

■2SSSS1? '“'■.““•(•' “Phthol. Similar' to the 

jfen in aLlioTtoKOH'^'j ,on ? i ;« » hlueeolu- 
fen with cone. H^scf!’ a ” d “ mdig0 ' blu ' s ° :u ' 


BOA. 

From 

43 ,^ 439).”Small green^needtoe '(“roT^ 
Its solution in aniline is reddish-violet: in 
xylene, violet; in hot alcoholio KOH, bluish, 
violet; moono.HjSO, greeniah-blue, becoming 
blue on dilution. It is insoluble in alcohol anf 
m gfacia 1 acetic acid. Its sulphonio acid dyes 
silk and wool dull violot, ™ 

Tri-oiy-tri-naphthalene-heia-azo-tri-phenyl. 
earbinol HO.C(C„H.-N I -C, ( H,OH),«. P I>om 
dmzotised para-rosamlme and (a), or IB), naD h. 

‘ ln alkaline solution (Meldola, O. 7 47 
bb 8 ). Orange amorphous powders. Similar 

IV? dvn . 8 ’f g0t , from ordinar y rosanilZ 
Uiey dye silk and wool orange. 

j AZO- COHON DYES. |he azo- dye-stutt*. 
obtamed from benzidine and its.iereologues 
(Congo-red, benzopurpurine, uoTKpiTrpurlne, 
° hr I’ 8am ! BC ' benzazurine, A-ch have 
e special charaotenstio of dyeing ootton with- 

the r a nn m ) 0 r , d r tl T hi , B P r °P ert y depends upon 
the constitution of the diphenyl molecule, tor 

rl"n dm8 l i t . 3e f ( and otller diphenyl bases) 
readily combines with the cotton fibre/ This is 
easily shown by allowing cotton to soak tor 24 
hours m a cold solution of benzidine hydro- 
nerntm. 6 ’ wri ! 1 8 in 8 ' drying at the ordinary tern- 
Lid wH' and *“ slnn B thoroughly with hot and 
old water ; if the ootton thus mordanted with 
touizidtne is now passed through a dilute sola- 
tion of nitrous acid, and finally treated with a 

solution of (a)-naphthylamine-sulphonic acid it 
becomes dyed with Congo-red (Miihlau, B 19, 

Tetrazo-diphcnyl (diazotised benzidine) 

ar 3 Zl dye - St , U / S by oombination w ‘th («)- 

and (F)-mono-sulplionio acids of (fl)-nanhthol 
or with the G di-sulphonio acid. The' it di- 
sulphonio acid (Na salt insoluble in spirit) 
however exhibits a very peculiar reaction. One 
mol of tetrazo-diphenyl combines with one mol. ’ 
? f / b ,“ R > '•sulphonateforming adye-stufl which 
is red. It two mols. of the sulphonate are taken 
0110 mol remains m solution unused. If now the 
ppd. red colouring matter is boated with the 
mother liquor, the second mol. of di-sulphonate ■ 
is taken up and a blue oolouring matter is pro- 
ducod. A similar reaction has been observed 
17 4ox) aUy 0th ° r dl ' amid °- bodies (Sohultz, B. 

In general, the tetrazo- derivatives of dinhe. 
nyl, ditolyl, it-o. (obtained by diazotising benz- 
idme and its homologues) can oombiue with 
either one or two mol5. of a phenol, . ml.. 
or <heir sulphonio and carboxylic acids. Tht 

compounds with one mol., viz., K"<n’ r< H . er* 

tolerably stabto, and sparingly soluble! by 
boiling with water or with alcohol the unoom- 
bine I diazo-group iz replaced by OH or bv 

onn, 1 . 0 /" 1 ’ */, he8e balf-eonjugated diazo- 00 m- 
lKiuiids readily combine with a second moL 
of phenol or amine, so thatmixed azo- eompounda 
can be thus obtained. The latter bodies art 
colounng-matt«r 8 of variou* shades, and d 
cotton direct without a mordant (Lang*. A j 
1*37; Marlius, B. 19, 1736). 



two mob. of a phenol, amine or respective 
snlphonie acid, or one mol. of one amine or 
phenol and one mol. of another, with the tetraio* 
Oomnonnd derived from di-/>-amido-di-phenyl* 
ethylen eor its sulphonic acids, have the property 
of dyeing unmordanted cotton from a soap-bath. 
The compound from (a)-naphthol-Bu]phonic acid 
dyjw cotton a bluish-violet, (fl)-naphthol-R-di. 
Inlphonio acid a blue, (a)-naphthylanune-sul- 
phonio acid a red salicylic acid a yellow, Ac. 
(Bender a. Schultz, B. 19, 3234). The di-amido- 
denvativos of lluorcne also give colouring 
matters which dye cotton. To the class of 
cotton colours also belongs the compound which 
has recently been introduced under the name 
of ‘Primuliue.’ This body dyes unmordanted 
cotton from an alkaline bath a greenish yellow. 
It is an amido- compound and may be diazo- 
tised upo.., the fibre. By treatment of the 
cotton thus prepared with solutions of amines 
or phenols, fast colours (red, orange, and brown) 
may be produced (Qreen, priv. com.). 

TRIAZOL. A name given to the hypo* 
HN-IS 


I 

Ihetical C 2 H,N, or HC CH 

W 

(Bladin, B. 19, 2598) ( v. Phknyl-stethyl-triazol 
and Cyano-fiienyl uetiiyl-tuiazol). 

AZO-MECONIC-ACETIC ACID v. Dioxy. 
tarboxy - methyl-phthalide - az o-dioxy - phi halide - 
acetic acid. 

AZO-DI-METHYL-HYDROQUINONE v. 2>i- 
9xy-benzc7ic-k7.Q-hydnqitinone. 

AZO-NAPHTHALENE v. Naphthalcnc-kzo - 
naphthalene. 

TETBAZONES. Compounds of the form 
Bj:N.N:N.N;R a obtained by oxidising unsym- 
metrical di-alkylated hydrazines ( q. v.). 

AZONIUM BASES. Compounds of the form 
NH,.NItitlt"(OH) (Fischer). The name has been 
also applied by Witt (B. 20, 1183) to compounds 
/NR'(Oll) 
of the form X"<^ | 

AZO-OPIANIC ACID is amido-hemipio anhy¬ 
dride, v. Hemivic acid. 

AZOPHENINE C„H.,N V [237°]. Is formed 
by the action of a variety of azo- and nitroso- 
jompounds ( e.g. benzeuo-azo-aniliue, tolucne- 
izo-toluidine, phenyl-amido-benzcno-azo-benz 
me, chrysoidine, diphenyl-nitrosamine, nitroso 
li-methyi-aniline, Ac.) upon aniline (Kimich, B 
1,1026). The best method of preparation con 
lists in warming an acetic acid solution of ani 
ine with a nitroso- compound ( e.g. nitrosc-di 
nethjrl-aniline) filtering off the crystals of azo 
>henine, washing them with alcohol and re 
irystallising from aniline or nitro benzene. If 
he aniline is replaced by its homologues, the 
lomologues of azophenine are obtained. It 
owns unstable salts of violet colon-. It cannot 
* acetylated. Cone. H ? SO, at 100° yields a 
ulphonic acid crystallising in violet needles, 
rhich form brown crystalline salts. By heat- 
Pg with aniline hydrochloride it is converted 
Bfti? indoline (a .«.). By heating alone at 360° 
fc b eonvsrted into aniline, a violet inter- 


■ & uMihi* 

[MwiU Wo. mWUM oolooriof-flutbr, tht 
sol utions ofwhloh have a beautiful red fluorscoenae 
and a characteristic absorption spectrum. By 
reduction with SnCI^ azophenine yields aniline 
and a sparingly soluble hydrochloride of an 
unstable base. The latter, when set free by 
alkalis, rapidly absorbs oxygen from the air, ana 
changes into a new colouring-matt^r, the salts 
of which are indigo-blue (Witt, B. 20, 1588 1 
Witt a. Thomas, C. J. 43, 112). 

AZO-PHENYL ACETIC ACID v. Exo car. 
boxy • tolucnc-kzo-jdienyl-acetic acid. 
AZO-DIPHENYL BLUE v . Inio ukk. 
AZ0-PHENYLENE, now called PinwAxntu 
(q. v.). 

AZ0-PHTHALIC ACID t», Di-carboxy • 
benzene-kio-phthalic acid. 

AZ0-PYR0K ELLITIC ACID O a N v (CO a H) 4 . 
Tetra-ethylether A”Et 4 [134°J ; glis¬ 
tening red trimetrio tables; easily soluble in 
, alcohol, ether, and acetic acid, insoluble in 
| water; sublimable. Formed by reduction of 
di nitro-mellitio ether with zinc-dust and acetic 
acid. It forms an unstable colourless hydro¬ 
chloride (Nef, B. 18, 2805). 

AZO-RESORCIN v. liKsoncnc. 

AZO-RESORUFIN v. Resorcin. 

AZO-TOLUENE v. Toluene-ki.o-toluene . 
AZO-TOLUIDINE v. Amido-toluene-kto* 
toluidine. f 

AZ0XIM8. Amidoxiras, R.C(NOH).NH„ at* 
produced by the union of hydroxylamine with 
nitriles; these react with acid chlorides, 
1V.CO.C1, or anhydrides, (Il'CO) a O, with formation 
of alkoyl derivatives, lt.C(NO.CO.IV).NH„ whioh 
under suitable conditions (application of heat, 
or boiling t with water) split off water and change 

into 8zaiim8 R.C<f^°^C.n'. The azoiim, 

are very volatile in the vapour of other liquids 
or in air; many of those boiling above 200° are 
| volatile oven in vapour of ether. They sub lim e 
at the ordinary temperature of the air (Tiemann. 

B. 18, 1000; 10, 1475). 

Chloroformio ether acting upon bonzamtiU 
oxim produces an azoxim which bus the 
character of a lactam, 0.11*. C<^jj^>CO. 

Phenyl-acot-anftCoxim, 

Ph CH 2 .C(NOH).Nir a , 

does not produce azoxims so readily as benz-amid< 

, oxirri, I’h.C(NOH).NlL,, but phenyl- aeryl-amkb 
i oxim (oinnamidoxim), Fh.CHrCH.CfNOJll.NHi, 
j produces them with great ease. 

m- Amido-benzenyl-ac oxim-benreny 1 

C. H.(NH J ).C< N jf^,C.C H.. [143°]. Form.Hj 

reduction of w-nitro-bcnzenyl-azoxim-bentenyl 
with alcoholic ammonium sulphide. OrystM» 
lisea from alcohol or Bublimes in long needles* 

I V. sol. alcohol, ether, benzene, and chloroforOL 
i insol. ligroin and water. By nitrous aoid i t if 
j diazotised. 

Salts. -B'HCl: very sparingly soluMe*-* 
B'jH.CljPtCl.: sparingly soluble pp. 

, Benzoyl derivative C l 4 H,ON f (NHBitt 
i [218°J ; needles ; sol. boiling alcohol, ethsr, Sfl4 
: benzene, insol. water and ligroin (SehMff. & 

! 18 . 3478 ). ^ 
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3*wttyl-UNd»'1>raMB7i C„B„H,0 U. 

OJB..O< i y 3 >O.C l H,. [108°]. (290°). Vol.Ule 

with iteam. Sublime, in long white needles. 
V.D. (II -1) 113-3. V. sol. alcohol, ether, and 
benzene; v. si. sol. water. 

Formation.— 1. By heating the benzoyl <len- 
vative ot benz-amidoxim - C,H v C(NH.j):N.OBz. 
8. By heating bonz-amidoxim with benzoic acid, 
or with benzotrichloride. 

Reactions.— It is .an extremely stable sub¬ 
stance, being unattackod even by strong HNO, 
or H a H() r Long boiling with tin and HC1 
reduces it to benzonitrile (Tiemann a. Kriiger, 
b. 17, m\). 

Benxenyl-azoxlm-ben*enyl-o-carboxylic acid 
0 . 11 ,.C'<^°>C.C,II,COJI. [151°]. Formed 

by melting together bonz-amidoxim and phthalic 
anhydrido. Whito glistening needles. V. sol. 
alcohol, ether, and benzene, v. si. sol. water 
and ligroin. 

Halts.-A'Ag: whito crystalline pp.— 
A'.,Ba4aq: plates or microscopic needles.— 
A',Cu: bluish-green pp. — A'PbOII: white 
gronulur pp. 

Ethyl ether.—MEt: heavy yellow oil. 
Amide.— C H lI,0N...C0Nil 2 : [IG0°J, micro¬ 
scopic needles (Schulz, b. 18, 21(13). 

Benzonyl-azoxim*benzenyl-?n-carboxylicacid 
C.B,.C< N ^C.C.H 1 ,C0 ! H. (218°]. Formed 

by heating benzamidoxiiu wi-carboxylio acid 
with BzCl (G. Muller, If. 19, 1497). White 
crystalline powder; sol. alcohol, insol. water. 

Benzenyl-azoxim-but enyl 
C,II > .0< N t f>C.0,lI,. (255°). Oily fluid. Volu- 

tile with Bteam. Formed by the action*)! butyric 
anhydrido upon benz-amidoxim, or by elimi¬ 
nating 11,0 from the hutyryl derivative oi the 
latter (Schulz, Li. 18, 1085). 
Bensenyi-imidoximcarbonyl 
C.H.Np, i.e. C„lI v C<;^jJ>CO and 

CJI,.C^^^C(Oil). Bcnzenyl-azoxim-carbi- 

not. [198 ). Carbonises at about 300°. Solu¬ 
ble in alcohol, other, chloroform, benzene, and 
hot water, sparingly in cohUvuter. The aqueous 
solution reacts strongly acid to litmus. It de¬ 
composes carbonates. Not attacked by PCl s or 
by HC1. Formod by climidation of alcohol 
from borysenyl-amidoxiui-carbonio ether or, 
directlv, by heating benaanyl-amidoxiiu with 
chlorororimo ether. 

Salts.—A'Ag: white pp.—A'.Cu: green pp. 
Ethyl derivative CJljEtN.,0., [36’j; 
soluble in alce hol, ether, dc., nearly insoluble 
In water ; indifferent body (Falck, D . 18, 2408; 
19, 1481). 

Bensenyl-azoxim-ethenyl C,II*N s O i.e. 
OA.C^°^O.CII., [41°]. (211°). Formed by 

boiling benxeuyl-amidoxim with acetic anhy¬ 
dride {Tiemann a. Kriiger, D. 17, 1090; 18, 
1059; Sohulz, B. 18,1084). Flat prisms. Easily 
yolatile with Btcaiu. Sublimes at the ordinary 
temperature in white needles. V. sol. alcohol, 
•ther, end benzene, si. sol. water. 


Beaisnyl-MMhn-pwpenyl ^ 

(258°). Colourlew ofl. 

Volatile with steam. Formed by the aotion ol 
propionic anhydride upon benz - amidoxim 
(Schulz, B. 18, 1085). 

Ben<enyl-azoxim-propenyl-«-oarbozyUe acid 
C.H,C<^ a >C.CH,CIL,.CO ) ri. [120°]. Formed 

by fusing benz-amidoxim with succinic anhy- 
dride. White trimetrio plates or prismB. V. 
sol. alcohol, ether, hot water and benzene, insol. 
ligroin. It is not decomposed by warming with 
11,80,. 

Salts. — A'Ag: white crystalline pp. — 
A',Ca3.\aq: long glistening solublo needles.— 
A'.Jia aq : short prisms, or monoclinic crystals. 
— A',Cu: bluish-green granular powder. — 
ATbOH: granular pp. 

Ethyl ether A'Kt: (255°), yellowish oil. „ 
Amide O lo H,ON,.CONII 2 : [lfigj], slender 
needles (Schulz, 1). 18, 2459). «•* ^ 
raCarboxy-benzenyl-azoxim-benzenyl 

C,iI,(CO J H).O^ i y ) >C.C.H 1 . [218°]. Formed 

by heating benzamidoxim-w-carboxylic acid with 
benzoyl chloride. Whito crystalline powder. 
Solublo in acetic acid, alcohol, and ether, insolu¬ 
ble in water and benzene. The aqueous solution 
of the ammonium salt gives pps. with AgNO, and 
CuSO, (Muller, D. 19, 1497). 

?H-Carboxy-benzenyl-azoxim-ethenyl 

O.H,(CO,H).C^ N n 0 ^C.CH,. [217°]. Formed 

by heating benzamidoxim -in -carboxylic acid 
with acetic anhydride. White crystalline pow¬ 
der. Sol. uleohol and ether, si. sol. water and 
benzene. Tho aqueous solution of the ammo¬ 
nium salt gives pps. with AgNO,, CuS0 4 , 
l , b(OAc)„ and ZuS0 4 (Muller, B. 19,1496). 
p-Carboxy-benzenyl-azoxim-ethenyl 
C 1 .H,N s O J i.e. C.U,(CO,II).C< N ^°>O.OH 1 . 

[218’J. Formed by boiling benzamidoxim-p* 
carboxylic acid with acetic anhydride. Crystal¬ 
line solid. Solublo in hot water and alcohol, 
more sparingly in ether and chloroform. The 
dilute solution of the ammonium salt gives 
pps. with AgNO,, Pb(OAc), and CuSO. (Muller, 

B. 19,1492). 

m - Carboxy - benzenyl - azoxim - propenyl • «• 
Carboxylic acid 

C„]I,(CoAl).C^ N ^ 0 ^>C.CH ; .CH..CO I II. [213°]. 

Formed by heating bonzamidoxim-WM arboxylio 
acid with succinic anhydride. Needles. Sol. 
hot water, v. sol. alcohol and ether, si. soL 
chloroform, insol. benzeno. The aqueous solu- 
tioit of tho ammonium salt gives sparingly 
solublo pps. with AgNO,, CuSO,, and Pb(OAc), 
(Mtiller, B. 19,1496). 

p - Carboxy - benienyl • azoxim - propenyl - 
carboxylic acid 

C. H,(CO, ) H).C< N N 0 ^.O.Cn t .CH,.CO j n. Formed 
by heating benzamidoxim-p-carboxylio acid 
with an excess of sucoinio anhydride. Sol. 
alcohol, si. sol. water, v. si. sol. ether, insol. 
benzene and chloroform. Carbonises at a high 
temperature without melting. The dilute aqueous 
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Kriutkm of the ammonium nit gives insoluble 
Ops. with CuS0 4 and Pb(OAc)-, pps. soluble in 
hot water with ZnS0 4 and AgNO, (Muller, B. 19, 

1498 ). 

Ethenyl-azoxim-benzenyl 

CHjX^^^^C.CjHj. [57 J ]. Long white 

needles. Begins to sublime at 70°-80 3 . Easily 
volatile with steam. V. sol. alcohol, ether, and 
benzene, si. sol. hot water, insol. cold water and 
ligroin. Formed by heating ethenyl-amidoxim 
hydrochloride with benzoyl chloride (Xurdmann, 
B. 17, 2754). 

TU-Nitro-benzenyl-azoxim-benzenyl 

0,H,(N0J.0^°^C.C,H 4 . (100°). Formed by 

the action of benzoyl chloride upon w-nitro- 
benz-amidoxim C ft H 4 (NOJ.C(NH.,):N()H(SchoptT, 

B. 18,1007). White needles. Sublimable. Sol. alco¬ 
hol, ether, and benzene, insol. water and ligroin. 

wi-Nitro-VvM enyl -azoxim-ethenyl 

C, H,(NO ! ).C<J N n 0 >C.CH s . [lO'J 0 ]. White 

needlos. Sublimable. Formed by the action of 
acetic anhydride upon m-nitro-benz-amidoxim 
O c H l (NO a ).C(N 11,.):NOH (Schopff, B. 18, 1000). 

ro-Oxy-benzenyl-azoxim-benzenyl 
O.H,(OH).C^°>C.C.H 1 . [ICS 0 ]. Formed by 

diazotising m-amido-benzenyl-azoxim-benzenyl 
and heating the aqueous solution. Yellow 
needles. Sublimable. Sol. alcohol, ether, and 
benzene, scarcely sol. water, insol. ligroin. 

Ethyl ether C M H,ON,(OEt): [71°); fine 
felted crystals; soluble in alcohol (Schopff, B. 
18, 2475). 

Phenyi-allenyl-azoxim-benzenyl 
C,H,.CH:CH.C<^°>C.C < ,H S . [102°]. China- 

tnenyl-azoxim-lcnzcni/l. Formed by elimination 
of H s O from the benzoyl derivative of phenyl- 
acryl-amidoxiin by heating it above its melting- 
point or by boiling it with water (Wolff, B. 19, 
1509). Very slender white needles. V. sol. 
alcohol, ether, chloroform, and benzene, v. si. 
sol. cold water. Sparingly volatilo with steam. 

Phenyl-allenyl-azoxim-etbenyl 
C,H i .CH:CII.C< N jf >C.C1I.. [78°]. Sublimable. 

Colourless crystals. Formed by heating phenyl, 
acryl-amidoxim with acetio anhydride (Wolff, ff. 
19,1509). 

Phenyl - allenyl - atoiim - propenyl • * - car- 
boxylic acid 

0,H 1 .CH:CH.C< N N °>P.C1I 8 .CH ! .C0 ! H. [114]. 
Formed by heating phenyl-acryl-amidoxim yith 
suocinio anhydride (Wolff, B. 19, 1511). Long 
white glistening prisms. Sol. alcohol, ether, 
benzene, and hot water, si. sol. ligroin.—A'Ag; 
white powder. 

Phenyl-ethenyl-axoxim-benrenyl 
O t H,.CH t .C<^^°^C.C,H,. [82°]. ' Formed by 

boiling the benzoyl derivative of phenyl acet- 
amidoxim with water for a long time (Knudsen, 
B. 18, 1070). White needles. Volatile with 
•Man. V. tot alcohol, ether, and benzene, 
ineoh water. 


Phuyl-cthenyl^rexim^thenyl 

0,H,.CH r O< N 1 ^»C.CH,. (209°). Oil. Volatile 

with steam. Formed by boiling the acetyl 
derivative of phenyl-acet-ainidoxim with water 
for a long time (Knudsen, B. 18,1070). 

Phenyl - ethenyl - azoxira • propenyl - w- 
carboxylic acid # 

c„u,cn ; .c< N N 0 >c.cn..cK a .co^i. j;oo o j. 

Formed by fusing togethcr^honyl-aoct amidoxim 
CJ} Jk .ClL.C(Nl!..):N01i and succinic anhydride. 
Prismatic plates. V. sol. alcohol and ether, si. 
sol. cold, Mater, m. sol. hot. It is a strong acid. 

Salts.- A'Ag : white pp. - A' a Cu: bluish 
green pp. (Knudsen, B. 18, 2488). 

Pheuyl-oxy-ethonyl-azoxim-ethenyl 

C u H j .CII( 011).C< N ^°>C.CH j . [05°]. Formed 

by heating the acetyl derivative of phenyl-oxy- 
acet-amidoxim CJI,.CJIt()II).C(Nll.);NOAo with 
water for some time. Transparent needle*. 
Distils nndecomposed, and is volatile with 
steam. V. sol. alcohol, ether, and benzene, si. 
sol. cold water. 

Acetyl derivative 

C,H,.CH(OAc).C^ f ^°^-C.Cir,. (52°J; fine whit. 

needles; volatilo with steam; sol. alcohol, 
ether, and hot water, nearly insol. cold water 
((.truss, B. 18,1070). 

p-Toluenyl-nzoxim-benzenyl C,»II|,N/) «.«. 
C,H,Mc.C< N ^ 0 >C.C,1I,. [10:t'>). Formed by 

Imating the benzoyl derivative of p-tolu- 
amidoxim, 1L,0 being split off (Scbubart, B. 
19,1490). Long slender white needles. V. sol. 
other, benzene, and chloroform, si. sol. hot 
water, inaol. cold. 

AZ0XIN£8. - Compounds whoso molecular 
formulas may be written X"<^j ^J>Y", such Of 

Phcnazoxine CJI t <^Q*]>C u li 4 and 

Naphthazoxine C, B H # <^^^C, 8 If a . 

They may be formed:—(1) By heating aro¬ 
matic imido-sulphidos with copper oxide I 

C„1I.<‘ S h U >0,.H.1 CuO- 

Ci.«.< !i o t >Ci.II. + CnS i 
(2) By heating o-araido-phcnols with o-di-oxy* 
compounds: C*H 4 <^'L* 
C.H ( < N “>0,U )t 211,0 

(Bernthsen, B. 20,942). 

AZOXY- COMPOUNDS, compounds who* 
molecular formula may be represented by 


X 


X— N-N— X. They are formed by treating 
nitro- compounds with alcoholic potash or 
sodium amalgam. They may be reduced to 
hydrazo- compounds, X— Nil—NH— X, and 
finally to two molecules of an amine, X— NIL. 
The products of nitration of azoxy- compound! 

O 


are often unsymmetrical, X- 


-Y. 
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deadd 

O l H,(CHO)(C0 1 H).N < ! ) N.O,H.(0 < ^0)(CO J k). 

V* t . 

prmod by reduction of nitro-p-aldehydo-bcnzoic 

*iid with aqueous KCN. Colourless needles. 
V. sol. ether, uloohol, and chloroform, si. sol. 
ligroin, nearly insol. water. Decomposes at 
about 280°. It gives,the ordinary reactions of 
an aldehyde. 

Phenyl hydratide : small golden yellow 
prisms (Homolxa a. L6w, B. 19,1090). 
o-Amido-beaxene-o-axoxy-aniline 
Di-benzoyl derivative 
(0 4 H 4 NUBz) s N s 0. [195°]. Prepared by acting 
on bonzoyl-o-nitranilido diBSolvod in alcohol 
with zinc-dust and adding ammonia and pla- 
tinio chloride. Bright yellow mass, insol. water, 
•1. sol. boiling alcohol (Mixter, Am. G, 2G). 
rn-Araido-benxene-wj-azoxy-aniline [c. 272°]. 
Di-benzoyl derivative. - Prepared by 
dissolving M-nitro-bcnzanilide in boiling alcohol 
and adding alcoholic ammonia and powdered 
eino together with a trace of platinum. Very 
light powder with palo yellow colour. Insol. 
alcohol, other, and bonzono (Mixter, Am. 5, 5). 

w-Amido-benxene-p-azoxy-aniline 
(C„H 4 NH a )N a O. [182°-184% Prepared by the 
action of potassio ethylate on its diacetyl de¬ 
rivative. Hoi. alcohol, giving a red solution. 
HI. sol. boiliug water, from which it separates on 
cooling as a fibrous yellow mass (Mixter, Am. 6,4). 

Di-acetyl derivative (C«H 4 NHAc) s N/) 
r276°-278°J. Prepared by tho action of pow¬ 
dered zinc and ammonia on 2 >-nitro-acetanilido 
in alcoholic solution. liair-liko particles with 
light goldon-yollow colour. SI. sol. boiling 
alcohol. • 

Di-benzoyl derivative 
(0 i lI,.NHB/.) a N.,O. [310°]. Prepared by the 
action of zino and ammonia on p-nitro-benz- 
anilido. Light yellow colour. Insol. alcohol 
and water (Mixter, Am. 6,284). 

o-Amido-toluone-axoxy-o-toluidlne 
[1:2:4] 0,U,Me(NII t ).N l O.Q a U a Me(MHJ [4:1:2] 
Atoxy-o-toluidinc. [108% From nitro-o-toluidine 
In alcoholic solution by sodium amalgam (Lira* 
prioht, B. 18,1405; Oraeff, A. 229,344). Long 
oranue silky needles (fronrtilcohol), or yellow 
needles (from water). V. sol. alcohol, si. sol. 
water. Converted by cono. II.,S0 4 , by molecular 
ohango, into amido-toluene-azo-amido-crosol. 
Salt s*- B"i J,SO, iaq: needles.—B"2HCL— 

p-Araido-toluene-axoxy-p.toluidine 
[1:4:2] 0 B II 1 Mo(NH i ).N a O.C.H J Me(NH i ) [2:1:4]. 
[148°), Yellow needles. Sol. alcohol and hot 
water. Prepared by tho action of sodium 
amalgam on an alcohoHo solution of nitro- 
p • toluidiue. — B"(HCl),: si. sol. water. — 
B"H,Gl,PtCl. (Buckney, B. 11, 1461). 

Be»#o»/l derivative 

CjH < Me(NHBz).N < O.C,H 1 Me(NHBz). [290°]. 
From CJl,Me(KHBz)(NO x ) [1:4:2] uy treatment 
with tine and ammonia (Mixter, Am. 6, 285). 
Light yellow substanoe, insol, water and aloohoL 
mats q e-n-asoxy • aniline 
CJH 4 (NH%N t O.C,H,. [189% 8. 4-27 at 21°. 
Formed, together with bensene-aso-aniline, by 


fot Miliojt ^.flr iBDWWUtt 
alcoholic solution of benzene ■aioxy-nitro-beJaii 
ana (G. Schmidt, A. 122, 174; Z. [2] 5, 41ft 
Large pale-yellow tables (from dilute aloohoi), 
81. sol. hot water, v. sol. alcohol and ether. 
Reduced by tin and HC1 to aniline and jp- 
phenylene-diamine. *■ 

Salts.—B'HCl: silvery lamince, saponified 
by water.—B',H 2 PtCl 4 . 

Benzene-asoxy-ben sene CJIj.N.jO.G.H,. MoL 
w. 198. [86°]. S. (alcohol) 17-5 at 16°. 

Formation. —1. From nitro-bonzene by the 
action of alcoholic KOH (Zinin, J. pr. 86, 98; 
ltasenack, B. 5, 3G4; Schmidt a. Schultz, At 
207,828; Wilsing, A. 216,228), or sodium-amal¬ 
gam (Alexejeff, J. 1864, 525; Moltchanoffsky, 
J. It. 1882, 350).—2. From aniline by oxidising 
with KMn0 4 (Glaser, Z. [2] 2, 808).-8. From 
benzeno-azo-benzeno by oxidising with CrO, 
(Petrieff, B. 6, 577). 

Preparation .—1. By reducin gni tro-benzene in 
alcoholic solution by means of sccuum-amalgam. 
The yield is 87 p.c. of the theoretical (Mol- 
tchanoffsky, J. R. 1882, 224; Bl. [2] 38, 551).— 
2. By boiling nitro-benzene with sodium methyl¬ 
ate, prepared from methyl alcohol (250g.) and 
sodium (10 g.), the reaction being as follows: 

4PhNO a + 3CII,ONa =* 

2Rh a N a 0 + 3HC0 a Na + 3H 2 0 
(Klinger, B. 15, 805). 

Properties.— Pale yellow trimetrio needles; 
inBol. water, sol. alcohol, and ether. Small 
quantities may be volatilised with steam. 

Reactions.— 1. When mixed with neutral 
substances ( e.g. NaCl) and distilled it gives 
aniline, azo-benzeno, and other products.— 
2. Ammonium sulphide has hardly any action 
upon it in the cold, but on warming it reduces it 
to hydrazo-benzeno.—8. BnCl, and 1IC1 reduce 
it to aniline, vory little bonzidine being formed 
(Schmidt a. Schultz, B. 12, 484).—4. Warm 
cone. H..SO, converts it into benzene-p-azo* 
phenol (Wallacha. Belli, B. 13,525).—6. Aniline 
hydrochloride at 230° gives violaniline (v. 
Dcchend a.Wichclhaus, B. 8,1014).— ^.Diphenyl- 
amine hydrochloride heated with it gives tri- 
phenyl-violanilino (Girard a. Caventou, B. 12, 
290).—7. Cone. ILBr at 260° gives di-bromo- 
aniline (Sendzink, Z. [2] 6, 206); HI gives 
benzidino.—8. PBr, gives yellow crystals of 
CuHnNgBr, whioh are converted by aqueous 
AgNO, into benzeno-azo-benzene (Werigo, Z. [2] 
6, 387).—9. PClj added to an ethereal solution 
gives benzene-azo-benzene (Werigo, A. 165,202). 

10. Sodium amalgam gives hydrazo-benzene,— 

11. Sulphurous acid forms benzidine sulphate.— 

12. Nitric acid forms three benzene-azoxy-nitro* 
ben/.encs (q. v.) and also a tri-nitro- derivative 
C, .H,(NO a ),N,0, [162°] (G. Schmidt, Z. [2] 5, 
421). This is converted by CrO, mixed with 
cono. HND, at 200° into C.^NO^N-O* [102% 
and C 18 H 7 (N0,),N 3 0„ [62*] (Petrieff, B. 6, 658). 

Beniene-axoxy-bensene-m-sulphonie add 
C i E y N t O.O,H 4 (SO,H). [60°-70% Very deli* 
quescent reddish-brown tables. Formed as a bj« 
product in the oxidation of m-amido-benzen** 
sulphonio acid by KMn0 4 .—KA'aq: long soluble 
tables (Limpricht, B. 18, 1420). 

Beniene-asoxy-bensene-p-snlphoiiio add 
C«H,.N,O.C,H 4 (SO t H). [below 100% Bed eceim, 
V. sol. water. Formed as a by-prodoot 




p^—KA'2tq : small yellow 
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crystals (Limprichi, iBL 16,1420), 

Btasene-asoxy-bromo-bensene sulphonie add 


0 < H..N 1 0.0 f H,B r (S0 1 H). Formed as a by- 
product of the oxidation of bromo-amido-benz- 
ene-aulpbonio acid C (J H J Br(NHJ(SO i H) [4:3:11 
with KMn0 4 .—KA'2aq: small red six-sided 
tables (Limpricbt, B. 18, 1423). V. sol. water 
and alcohol. 

Benzene-p-asoxy-nitro-benzene 

C,H v N.,O.C tt H 4 NO* [1:4]. [153°]. Formed together 
with the following body by the action of UNO, 
(S.G. 145) on benzene-azoxy-benzene (Zinin, A. 
114, 218). Hair-liko yellow needles. It educed 
by alcoholic ammonium sulphide to benzeue-p- 
azoxy-aniline. 

Benzene-azoxy-nitro-benzene 

C 4 Hs.NaO.CJI 4 .NO,. (10■’]. Needles or prisms; 
prepared as above. Alcoholic ammonium sul¬ 
phide forms u compound C,.Jl a N a O(?) [85°]. 

Benzene-aio-.y-nitro-benzene 
C 4 H 4 .N 3 O.C 4 H ,(NO 4 ) (1:2J. [127°]. Formed by 
adding fuming UNO, (25 30 c.c.) to a solution 
of benzene-azo benzene (20 g.) in glacial acetic ; 
acid (100 c.c.) at 75°. lied rhombic plates. Sol. j 
alcohol, ether, and acetone. Alcoholic KOH 
gives an emerald-green colouration; by long 
boiling or by treatment with sodium-amalgam 
it is reduced to a compound C„ 4 H w N,0 (Janovsky 
a. Erb, B. 20, 301). 

Benzoic oazoxy-benzoic acid 
[2:1] C,H,(C0.H)-N,0-C.H 4 (C0,H). [1:2]. 

Mol. w. 280. [237 

Formation. — 1. By the action of KCN on 0 - 
nitro-benzaldchyde (liomolka, B. 17, 1902).— 
2. From o-nitro-benzoic acid by treatment with 
sodium-amalgam or alcoholic KOJl(Griegs, B. 7, 
1011).—3. Together with o-nitro-tolueno by boil¬ 
ing o-nitro-benzyl alcohol with aqueous KOH 
(Jaff 6 , 1L 2,57). 

Properties.— Small colourless prisms; m. 
sol. hot alcohol, si. sol. ether and boiling water. 
Reducod by sodium-amalgam to carboxy-bonz- 
ene-azo-bcnzoic acid, and linally to liydruzo- 
benzoic acid. 

Salt.—BaA" laq. 

Benzoic m-azoxy-benzoic acid 
[8:1] CJ1 4 (C0,1I).N,0.C,H 4 (C0,TI) [1:8]. Formed 
by boiling m-nitro-benzoic acid with alcoholic 
KOH (Griegs, A. 131, 92). Minute needles or 
plates. Insol. water, si. sol. alcohol and ether.' 
Reduced by tin and UC1 to di-amido-diphenic 

Mid. 

Diaxoxy-benzoic acid 

C,H,N,0, ot <30,11.0.11,[ I *] (?). 

Formed bjr reducing di-nitro-ljeuzoio acid dis- 
iolved in NftOHAq with sodium-amalgam (V. 
Meyer a. Michicr, B. fl, 740; MicWler, B. 7, 
4S0; A.175,150). An amorphous black powder, 
Jnsol. alcohol, etlicr, benzene, chloroform, and 

5 facial acetic acid. Bcduced by tin and HC1 to 
iamido-benzoio acid. HNO.givea an amorphona 
Citro- derivative. 

Salts.- AgA': black pp. sol. NH,Aq.— 
BaA',: black pp.—ZnA'.: brownish-black pp. 

in i.omsrio acid, resembling the above, is 
taset bom (1, 2, 4)-di.nitro-benzoic acid. It 
tosotattMlnd by tin and HOI. 
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m - bromo ■ nitro - benzene and alooholio KOB 
(Gabriel, B. 9, |405). Bright yellow prisms ; f, 
si. sol. alcohol. 

p-Bromo-benzene-p-axoxy-bromo-benxint 

[4:1] C.H < Br.N 1 ( O.C,H 4 Br [1:4]. [172°] (Hof¬ 

mann a. Geyger, B. 5, 919); [175°] (Werigo, 
A. 165, 198). From p-bromo-nitro-bengene by 
treatment with alcoholic KOH or sodium-amal¬ 
gam. Yellow leaflets, v. atd. hot alcohol. Nitrio 
acid forms a tri-nitro- derivative [174*]. 

Bromo - beniene • asoxy • bromo - benzeno sol* 
phonic aoid 

C.H,Br.N,O.CJI^r(SO,n). Formed as a by- 
product of the oxidation of di-bromo-amido* 
benzene-sulphonia acid C 6 H 8 Br,(NH..)(SO a H) 
[1:3:0:4] by KMn0 4 .—KA'2aq: very small yellow 
scales (Limpricbt, B. 18,1425). 

wi-Chloro-benzene-m-azoxy-chloro-benzeno 
[3:11 C.H.Cl.NJXC^Cl [1:3]. [97°]. Formed 
by boiling m-ch I oro-nitro-benzene with alooholio 
KOH (Laubcnheimor a. Winther, B. 8,1023). 
Yellowish-brown flat needles. V. si. sol. alcohol. 
Treated with fuming IIjS0 4 it is chiefly con¬ 
verted into m-chloro-benzcne-azo-ohloro-phenol, 
only a very small quantity of m-ohloro-bonzene- 
azo-chloro-benzene being formed (Schultz, B. 
17, 404). 

p-Chloro-benzene-azoxy-chloro-benzene 

[ 4 : 1 ] C i H l CI.N a O.O ( 1 H 4 Cl {1:4]. [165°]. From 

p-clxloro-nitro benzeno by treatment with aloo- 
liolic KOH (lleumann, 21.5,910; cf. WilJgorodt, 

Ji 15, 1002), sodium-amalgam (AlexejefI, Z. 
1800,2G9), or (in ethereal solution) with sodium 
(Hofmann a. Geyger, B. 5, 910). Palo yellow 
needles, si. sol. cold alcohol. Treated with 
fuming 1L80 4 it is chiefly converted into p-chloro- 
benzene-^o-chloro-benzeno only forming traces 
of a chlorinated benzene-azo-phenol (Schultz, B. 
17, 404). 

Di-chloro-benzens-azoxy-di-chloro-benxens 

[3:5:1]C„H a Cl,.N i O.C a H,Cl 2 [1:3:5]. [172°]. From 
(3,5,1) - di - chloro - nitro-benzone and alcoholic 
KHH (Beilstein a. Kurbatow, A. 197, 84). 

Di-ohlojo-bonzene-azoxy-di-chloro-benssns 
[2:5:1] C # H > Cl r N,O.CJl a Cl, i (l:2:5J. [H2°J. From 
p-di-chloro-nitro-benzene and alcoholic KOH 
(Laubonheimer, B. 7, 1000; 8 , 1023). Small 
bright yellow needles. 

p-Chloro-benzeA-azoxy-chloro-nitro-bensss* 
[4:1] C,H 4 C1.N,O.C,11,CJ(NO*) [1:4:?). [184% 

From p-chloro-benzene-p-azoxy-chloro-benzsiia 
and HNO, (Heumann, B. 6 , 912; 18, 1185). 
Bright yellow floccujent substance. % V. si. sot 1 ' 
boiling alcohol; reduced by alcoholic ammo¬ 
nium sulphide to p-chloro-benzenc-azo-ohioWk ? 
nitro-beuzene. ; ■* '■} 

Chloro-toluene-aioxy-chloro-tolaena 
[6:3:1] C.lI a MeCl.N s O.C fi H J MeCl [1:6:8]. [128*1 v 
Formed by the action of Na on an ethereal <1 
solution of chloro-nitro-tolnene (Hofmann i*/' 
Geyger, B. 5, 919). Small needles. 

w-Iodo-bcnssns-m-azoxy-iodo-benffns ^ 

[8:1) C.H 4 I.N J O.C 1 H.I [1:8]. From m-iodo-nitl* 
benzeno and alcoholic KOH (Gabriel, B. 9,1408)*? 
Flat yellow needles; si. sol. cold alcohol. " : t' 

p-Iodo-benzene-p-azoxy-iodo-benzens 
[4:1] C 4 HJ.N 3 O.C 4 HJ [1:4]. [200*]. From*! 
iodo • nitro • benzene and alooholio KOH (CEL >\ 
Light yellow plates or scales, fll. «nl- w ! 
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W • mrtfcyl • UBiao-bruM»-u«T-41-n«»yl-, 
uUlM [4:1] 0,H,KMe,N,O.C,G,NM«i M. 
Freon p-nitroso-di-methyl-amline ana alcoholic 
KOH (Sohraube, B. 8, 619). Glittering brown 
crystals; si. sol. water, m. sol. hot alcohol and 
benzene. The salts are decomposed by water. 
—B"H*PtCl,ftq. 

ro-Kitro-beazene-m-azoxy-nitrobenzene 

[8:1] C 4 H 4 (N0 2 ).N 2 0.C.H,(N0 2 ). [1:3] [142°]. 

Preparation.—A. solution of 2 or 3 pta. of 
a-di-nitrobenzeno in* about 16 pts. of methyl 
Jcohol is mixed with a solution of sodium 
uethylatc prepared by dissolving 1 pt. of sodium 
in 20 pts. of methyl alcohol. A vigorous reac¬ 
tion seta in, which is completed by 48 hrs. 
oohobation; largo yield. Long needles. V. sol. 
benzene, m. sol. ether and CS a , v. si. sol. cold 
alcohol. By heating to about 140° with strong 
Hj 80 4 it is converted into the isoraerio di-nitro- 
oxy - azo - bonzono C a II 1 (NO,).N.,C # II J (NOJ(OH) 
(Klinger a. Pitsohke, B. 18, 2561). 

n-Nitro-diphenyl-p-azoxy-nitro-diphenyl 
C fc H 4 (NO. (f ).C # H 4 .N z O.C,H 1 .C a ]i < NO... [225°]. From 
jMli-nitro-diphenyl by acting on* its alcoholic 
solution with sodium-amalgam (Wald, B. 10, 
137). Brick-red crystalline powder; forms a 
red solution in cone. ll.SO,. Insol. most 
solvents, ltoduced by alcoholic ammonium 
sulphide to benzidine. 

Nitro-oxy-benzene-azoxy-di-nitro-phenol 
Diethyl ether 

O a H j (NO J (()F t). N 2 0. CJL (N 0 2 ) .,0 K t. [168°]. 

From IINO, and tho diethyl ether of jj-oxy-ben- 
zcno-p-azo-phcnol: the product is exhausted 
with water, and then treated with alcohol. On 
cooling, the alcohol doposits the body in long 
yellow noodles grouped in stars. Sol. ether, 
CIIC1,, C„H 4 and glacial acetic acid (Andreae. 
J.pr. 129, 337). t 

An isomeric body. [187°]. This forms the 

S reater part of the product of the nitration, and 
i left undissolved when tho former body is 
extracted with alcohol. It is crystallised from 
•ootio other, in which it is very soluble. 
o-Oxy-benzeno-o-azoxy-phenol 
C,,H 4 (011).N 2 <).C ( ,H 4 .0H. 

. Xthfl ether |C,H,(0Et)j.N,0. Atory. 
phenetol. [102°]. By reduoing a cold (0°) solu¬ 
tion of o-nitro-phenetol (1 pt.) in ulcolml (7 pts.) 
by adding sodium amalgam ; on adding water a 
pp. is got; this is freed frtfin azo-phenetol by 
washing with »trong HOI as long as tho latter 
ife coloured (Schmitt a. Mi'ffilau, J.pr. 12G, 201). 

Proi^erties.- Colourless triclinic plates. In 
•olublo ii. waior, but melts in boiling water. 
Slightly solublo in cold alcohol, insolublo in hot 
alcohol. Not volatile with steam. 

Diphenyl-azoxy-diphonyl 
G*H 1 G t II,.N.O.O fl lI 1 .C (i lI J . [205°). Small 
yellow plates. Insol. water and alcohol, gl. gol. 
acetic acid. Prepared by the action of alcoholic 
lGDHonp-nitro di-phenyl (Zimmennann, B. 13, 

Phenyl - glycollic - o- azoxy - phenyl - glycollic 
Held ONj(C*H 4 O.CHj.CO i H) J . [187°]. 

iVeparafion.—o-Nitro-phonyl glycollic acid 
(18-6 g), water (140 g.) and Na,CO, (5 g.) are 
treated at 86 ° with sodium-amalgam (165 g. of 
4 per cent, sodium), added in small portions. 
On cooling, crystals separate. These are 
dissolved in water and decomposed by HCL 


The precipitated adds are reuystaUiaed from 
alcohol. If the mixed acids now melt above 
162°, they are etherified by alcohol and HCL 
The ether of the azoxy- acid is less soluble 
in alcohol than that of the azo- acid, it is 
crystallised from alcohol and then saponified 
(A. Thato, <7. pr. [2J 29,162). 

Crystallises, from aqueous or 
dilute alcoholic solutions, with aq as short 
prisms or as scalenohedra; but if left in con¬ 
tact with the mother liquor these change to 
rhombohedra, taking up $aq. Both these forms 
are sulphur-yellow. At 130° they becomo white 
| and anhydrous. Dissolves in alkalis, HC1 and 
glacial acetio acid. Tho solutions are yellow. 
Forms red solutions with HNO, and H 2 S0 4 . 
Insoluble in ether and in benzene. 

Reactions.— 1. Lead acetate , a yellowish- 
white flocculcnt pp.—2. AgNO s and BaCl 2 , no 
pp. in hot solutions, on cooling a crystalline pp. 

Salts.—(NH 4 ) 2 A" : obtained, as a yellow 
micro-crystalline pp., by pasHhi^NH, into a 
solution of tho acid in absolute alcohol. Its 
aqueous solution gives yellowish-white pps. 
with BaCl, and Pb(OAc) 2 , yellow pps. with AgNO s 
and Fc 2 C! s , and a green pp. with CuS0 4 .—AgjA". 
j — AgllA": more soluble than the neutral salt. 
BaA" 2aq. 

Ethyl cther.~Et. t A"i [114°]. Whitesilky 
needles. 

m • Sulpho - benzene • m - azoxy • benzene ml - 
phonic acid [3:1] C b H 4 (IISO J ).N 2 O.C B H 4 (HSO l ) 
[1:3]. [125°]. Prepared by the reduction of 
w-nitro-benzene-sulphonic acid with alcoholic 
KOII (Brunnomann, B. 11 , 1048; A. 202, 240). 
Yellow needles. V. sol. water and spirit. 
A"K s 4aq: needles. — A"(NH 4 ) 3 2*aq: rhombic 
: pillars.—A"lia aq : difficultly soluble prisms. 
A"Ca 3Aaq: difficultly soluble needles.- A"Pb aq. 

Chloride [138°]. Yellowish-red pillars. 

Amide [273°]: b 1. sol. hot water. 

Snlpho-naphthalene-azoxy-naphthalene ml- 
phonic acid C 10 H b (SO,H).N..O.C 10 H 0 .SO,H. From 
(a)-iiitro-naphthalene-(o)-sulphonio aoid and 
alcoholic KOH (Alen, Bl. [2] 45,184). V. sol. 
water; cono. II 2 S0 4 forms a violet solution. 

Salts.—K 2 A"aq: trimetrio tabular crystals. 
Na 2 A" 2aq: tables. — BaA'aq. — CaA' 2aq. — 
j PbA' 2aq. 

Terephthalic-azoxy-terephthalic acid 
I [6:3:1] C a H 3 (C0 2 H).N..0.C 6 H,(C0 2 H ) 2 [1:6:3]. 
i 'Yellowish plates. Sol. hot, si. sol. cold, water, 
i v. sol. alcohol and ether. Decomposes between 
1250° and 280°. Obtained by oxidation of 
i aldehydo-benzoic-azoxy-allehydo-bcnzoic acid 
i NoO^Ji^CHOJCOjjIiJj with alkaline KMn0 4 . 

I Salts.—A lr (NII 4 ) 4 * : long yellowish prisms. 

•V' Ag,: yellow pp. (Honfblka a. LOw, B. 19,1091). 

•Toluene-azoxy-bromo-toluene 
C a H 4 Mo.N 2 O.C,H,BrMe. [74°]. From p-toluene- 
p-azoxy-tt>luene and bromine. Bright yellow 
tables; v.sol.alcohol andether (Melms, B. 3,551). 

Toluene -azoxy-ni tro - tol uene 

C < H 4 Me.N 3 0.C r EI,(N0 3 )Me.[84 0 J. Formed by 
j nitration oLp-toluene-p azoxy-toluene (Potrieff* 
B. 6 , 567). Yellow needles. 

I Toluene-o-axoxy-toluene 
C 4 H 4 (CH,).N 3 O.C t H 4 (CH t ). [60°]. Formed by 
| passing Cl,0 into on ethereal solution of o* 
j liydrazo-toluene (Petrieff, B. 6 , 657). 

I Preparation .—10 pt*. of o-nitro-toloeae are 




•tttigrafaoyto OtioiJo* 

ta $0 pta by woluma of methyl aloobol, th* 
-.i-rtnr. being Anally oohobated on the wate r- 
b«th to 8 or1 hoar*. 

prmwrtiet.— Large yellow needles or pistes ; 
til* cryetsle belong to the dimetrio system, 

.•8416:1. 

Reaction J-—By distillation with iron powder 
it fields o-szotoluene and a little taluidine. It 
also fields o-azotolnene by heating with H,SO, 
(Klinger a- Pitschke, B. 18, 2553). 

n-Totuene-paiexy-toluene 
C.H.Me.N.D.O.H.Ue. [70“} (M.); [60°} (r.). 
From p-nitro-toluene by reducing it in aleohoUe 
solution with sodium amalgam (Helms, B. 8, 
Ml; Petriefl, Z. [2] 5, 264; [2] 6, 80; B. 6, 567). 
V. sot. alcohol and ether. 

Bromine given a bromo- derivative, [74°), aod 
a di-bromo- derivative (138“}. 

Sitric acid gives a nitre- derivative (84°), a 
di-nitro* derivative [145°), and a tri-nitro- deri¬ 
vative (201*), 

AZ0XYLEBB v. Xylrne-M.o-njlnic. 

A20XYNAPHTHALEXJ n. Haphtlialeno- 
Azoxv-naphtbaleno. 

AZ0XT-FHEH0L v. Osy-bcnzene-Azoxv- 
phenol. 

AZ0XY DIPHENYL «, Diphonyl-AZciv- 

diphcnyl. 

AZOXY-TOLtTENE v. Toluene-AZOVT-toluene. 

AEULENE or Azalia. Uluoe.douringmatter 
present in essential uils of chamomile, worm¬ 
wood, and millefolium. Causes these and other 
oils to giro an absorption spectrum, viz., three | 
bande in red and orange illock, dr. I'h. [3] ' 
21, 17). | 
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_pp. formed together with sxemide at 

oiamle add by passing cyanogen into agneot 
ammonia. Si. aoL pore water, with vioit 
flnorescenoe; acid or alkaline solution* flttoresr 
green. Boiling water slowly convert* It int 
mycomello acid 0,H ( N ( 0 r Nitrio acid orKMnG 
oxidises it to azulmoxia C,H,N,0,, an ontngi 
powder, insol. water, tol. cone. H,90„ tin 
solution having a deep-green dnoreeoenoe. 

Bydraxolsun C.H.N, te formed by mixing 
dry cyanogen with dry NH r It forma black 
leaflets, converted by wilt nr at once into NH, 
and aznlmic acid (Emmoriing a. Jacobsen, B. 4, 
927). By the spontaneous decomposition of an 
aqnooae solution of HCN containing a little NH, 
a brown pp. is produced which, according to 
Gantier M, CK [4] 17,158), oootsina an aznhnio 
acid of the formula 0|H,N,0. 

AZtTXIN OoH^B.O,. [250-6»J. Small oclottr- 
Ices tables forming solutions which have a 
splendid blue fluorescence. Prepared by heating 
salicylic aldehyde with o.tclylene-diamine 
(Ladenburg, B. 11, 590). 

A2YLI5ES- Azo- compounds ef the form 
R,N OJI,.N:y C,If,.NIt, prepared by passing 
nitrio oxide into alcoholic solutions of tertiary 
aromatic amines; thus, di-mclhyl-aniline azyf- 
ine is described ae di-mothyl-amido-benzene- 
azo-di-methyl-aniline, di-amyl-aniline-azyline ifl 
described asdi-amyl-amido-benzcne-azo-di-amyl- 
aniline; and di-ethyi-anilino-azyline as di-othyl- 
amidn henzen e -nzo-di -ctliyl-an ilino (Lippmann 
a. I'louMitlrr, M. 3, 70 S; 4, 28-1. 788; B. 1#, 
213C; 10, 1421; Nulling, B. 18, 1143). 



BABLAH. Tlic fruit of several species of 
Atacia, The seeds and husk* uro rich in 
tannin. 

BACCARINE. An alkaloid in DaccJiaris 
cordifolia or ' Mio-Mio,* Needles, b! boI. water, 
tol. alcohol, am jl alcohol, and ether. 1ta aqunous 
solution ig neutral to litmus (Anita, l J h. [3] 
10, C). 

BACTERIA, —The name given originally to a 
oomtoon rod-1 iko form whirl) is assumed in tlm 
Course Of growth by the minute plants to which 
Nsgeli (6) in 1B67 applied the term WchizamycelcK: 
hence the term ‘Bacteria* is very frequently 
used to designate tho 'whole of this group of 
organisms, • 

The Bacteria, Daoteriiceio, of Schizomjcctcs 
are a group of plants of extreme sinf pi icily of 
itructure and very minute in size. Like larger 
fungi, they arc destitute of chlorophyll, and ac¬ 
cordingly are unable to dccomi»oso carbonic acid 
in lh« presence of sunlight; as a consequence 
their nutrition resembles in some respects that 
of animals, since they are dependent on the 
complex chemical substances produced by other 
organisms. The variety of substances contain' 
ing either 0 or N, or both, which they can 
attMfc and make contributory to their «ui- : 


(cnanca is very great, whilst the chemical 
changes: which they bring about in thwo sub* 
stances arc no Icks varied and remarkable. The 
exact nsLuru of theso changes and tho relation 
of the Bacteria themselves to the mibstanoai 
upon which they feed form an enormous Bald 
of inquiry which Mks only recently been looked 
at by chi mists, and that, os yet, very oursortty, 
Tho study of tho forms presented by different 
Wind* of Jlueteria in the course ot their growth 
is af>o as yet in an incomplete vtata,wnd whilst 
it is certain that tifore are kinds of Usctsrfa 
charset* rived each by its particular forms. Its 
particular pabulum or chemical food, and by its 
jjsrticulur chemical opuatiomi resulting in the 
formation of definite chemical products fromtha 
breaking up of tho appiuprialc pah alum, w* do 
not yet know in any large number of ossff 
whether a particular form is constantly ***o« 
dat' d w ith particular chemical conditions utd 
results, or whether it ih jjoasiblo under modified 
conditions for a given form to change its chemical 
and physiological activities. In A certain numbs* 
of cases we do know that modified chemical and 
physical conditions will causa a given Iona in 
the course of its growth to acquire a very marks! 
modification of form, Hanes it is at pr*seet itt- 
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S?! ZZ** . Jet K00B ' * re characterised by 
Hie constancy of a certain mno* nt .*£ 
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ZZT *" 0 ". yet K 06 "’ *"> characterised by JHnJ .“‘"S mb ?*> - 

ihe constancy °f a certain range of form, or in forcer tSL Si lame ?• r, though they may be 
addition to this, by the constancy of chemical topfosm in whtii? oonsi8t 1 of a homogeneoua pro. 
and physiological activity. By «species 1 the 0 J 1 !f!n 1D whl ° h no nucleus can be detected* m 

S. n SmbSl de 7 ^ , fc ‘ gr0ap of or «“ nio torma the aurL B e?f t ZZf| IItrem?ly - dolieate ' ho™* 

wie members of which may present verv little » U I! , °‘ /he cell, consisting of ‘mvconm 

«tiv2.T al difl6ro r a 01 f °™ »»S d well, untmh v eUul0S °- When the cKSi 
•etiv'tloB as compart,! ono with another h„t H p ' unb,b,n 8 "ater, a jelly is formed tU 


ovonZ't “*? prefi ™‘ »*J little 

or yen great differences of form and even of 

which it . com P ar « d 0r >0 with another, but of 
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tile inference that „„?•», » " ° n . 3 leadin S to 

Within human erpnima £"^1 ‘“f OCOUrrod 
the oRsaro distinct unrrma n C °af 10 * ,orHe an< * 
we havo traditional n„d S ‘ < n * 10 other hand, 
of tin production of tho a . xp T rlme "tal ovidcnco 
from tho itock Pigeon anTc'env* *7 P ‘P'™ a I 
that from tho most fantas ,> '™ vorBfl| y »° h"ow I 
Rork i'igeon eTbo^dZed' “?£»“ ‘ ho 

TumWer ra lw' o°° k ^"""^‘he 

•“toil in nil important do!rn! <!dmt iL P ® at baacon ' 
or tho fact that a or , n t° R " °tho recognition 
forms mav Mono to mmo* of micr oscopio 
of Bacterium, and bo °I d ‘ h ° 80rao •I"'** 
most important allvances in t m OT , PCCt 11,0 
endeavours of hnoterinln„; i fl, ture from tho 
brood by change of r™ v • U t ' I Perimontnl!y to 
torium LnSherTnd to 6 ki " d Baa - 
tnontttily new kinds’ and t?" *? orc “to ojpori- 
««tth»tith»sCn 8pit6 of‘ho 

the forms of Bacteria „/ . ‘l! ttb ! y Sss »med that 
Of tho nature of species nn ! d»- S< ' nt rcoo 8'" s «l are 

ClassifloatorjZposfuon^iZii* 1 '^ 8 -' 

nearest allies of tl./ii * • of Bacteria_The 

hiring plants are th# , Os 3 |uf°" gol ‘ I 7 <,pb y 11 - 
ftrton-ocdftured Organisms ril l * ,.“ 1 d “ rtain 

nnnrn, 1 !. virens « viwli t?°," Calie<i ,3 ' ehlo- 
•»»> in form with some of T| h, °n whi,st ‘'len- 
physiologicollv from them to* ' 0 I,nctor ‘». differ 
phyll Tho distinction 1 , looming chloro. 
tho Bacteria is not hy anv°m' ' CS ° l>lants aml 
and there.can >o no doubt ofZ„P wlde ono ' 
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]irefoid n ) la h 8 ,r observed*a^BacT ? gua *" por ””“" 

Sfta j “• ™™rs‘,s 

hours thorn sr« , lu ‘he course of 24 

Bacterium more than pr ? d " ced , tr « m a single 
itself. Tho constant,end b T '"'hviduals like 
fission is wlmthastodtoZ proo , os l 0, binar 7 

! the fomZknom! as S'Z °° L ; ur \ 8nd *» 
sensu stricto) bacillus W ^ bacte num 

a filament of naked n’rnt *7°’ an ^ spirillum, 
observed honiriM honf ia fr «8“ontly 

product, and^/tsTashto , emi ° f the 
an active • swarniini?» m S mov * ments ca nsea 
procrrcBsion nt ^ ^novement, or dartina 

»fitf?hTs°Ll t X 8 r^i„ c :' 1 n 8 h Cont r° ! 

to note tho phase of 1 , 0 ^ ?^ P b »so we hava 
growth. As P tho result' 5 !^ gHtl0 ! 1 °. r oontinnoue 
pabulum, Bacteria wh eh f varillt,on ln their 

separating from one anothcrTftcr fisston h °" 
remain in tho noit hnn. *“![ , a8| on—may 

ls% 3 =&Esi£s 

1 linear; 8 ®'tessoHatc wh ‘ ch “V bo (1 , 

,orm : (5) massive. ’ ^Tthei' t (i) . 
aggregation may be oihihit.d u ,orm * of 
different forms of cella r ^ b? any of «•• 
micrococci are callcd rosarv eZo" 8 ®???.^ 
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in other groups of p am, w 1 ft9 «>e case 

and acquired parasitZm ‘ ‘ bo ; r ch lorophyIl 
•atmgJhabitspX” “ proph y tie («'<■»- 

ftamselvoseiUror as Baclcria Present 

;Je»oolied eel!, or as ltoe»? g ^““alstions of 

« « ains) of cer, a , IU, ?Z g «a (filament. 


► ——vn'iiu or as linear » '**«muus oi 

chains) of colls (^^^ents i to start nt ““ ww » new ane of a 

t as! a£H»yHSBSi 


i 5 s arasaa c 

Breno^rC!,g» 0 t"o n t 0 i s end ^ ‘" 8 “ 
CMothrixTSZ iv em ln , ,h6 oo-oolM 

ment breaks so m to allow."! * ? ptothri * 

- bi «h UksZ^^trZZZZ^"*"*”' 



bauacfi Siihiltriyn*»}£work» (MHS^ 

Ufa# thoae the green nydrodictyon) an pro* 
dueed (fltf.r), and very regular tessellate aggre¬ 
gates (fig. q). In the latter, b&oilluB or olithri- 
dinm forms may be arranged with absolute sym¬ 
metry forming little plates of twenty or more 
cells, in rows of five or more (merismopedia 
form). In the sarcina form the grouping is 
cuboid, ‘ packets * being produced instead of 



bacilli at the other end; ff. Spirillum (vibrio); A. 
Spirillum (clone spiml) with flagoHa; i. Comma (Mo¬ 
ment of spirillum); k. Homogeneous bacillus with 
flagella ; /. Ovoid or double-cono form ; m. forge irre¬ 
gular form : these may occur of great rise and various 
shapes, m flat discs (mscroplostsl in Bact. rnbeacens.— 
Lnnt. ; n. Bacillus with monllifonn protoplasm, not 
•pores (B. tuberculosis); o. 8porobaciIlus. with endo- 
spores; p. Kosary-chnin; linear aggregate of micro¬ 
cocci ; q. Merismopedia-form or tablet; teasel ate aggre¬ 
gate of clithridla; r. Hydrodiotyon-form : retiforin 
aggregate of bacilli; t. Oladothrix-form : false-branch¬ 
ing linear aggregate of bacilli; /. Nostoooid linear ag¬ 
gregate; larger cocci occur at intervals In a chain of 
•mailer cocci ( observed If! cultivations of B. anthracls); 
a. Two micrococci embedded in Jelly-lik* envelfpo; 
«r. Leuconostoe-form : a spirillum with Jelly-like en- 
valope; r. Zooglcea of clithridla: olitbridia embedded 
la Jelly-like matrix. • 

■plates.’ Lastly, where the cell-wall ewalle up 
and forms a jelly, we may hare the bacterian 
cells of any one shape adhering bjthe jelly to 
one another (fig. x), and forming spherical or 
irregular muses of jelly (zooglcea). These 
masses often are u large as the hand of a man, 
pad are fooni on putrefying liquids and eclids. 

: : Than is no doubt that all the forma of cell 
Mil-aggregate* which hare been abort | 


AMQHbad, attdotfaaM tbtaot, tnay be exhibited 
nyone tad*ht«aiat»eoies ofBaotethun. The 
Bacterium rubetems of Lankester [1] forms port* 
wine ooloored pellicles on deoaying organic 
matter in fresh-water ponds and in salt-marshes, 
the protoplasm of the cells being ooloured by a 
peculiar insoluble pigment 1 bacterio-purpund. 1 
Lankester found all the varioties of aggregation 
and of cell-form (except spirilla, since observed 
by Warming [2] and by Giard [8JJ, in a small 
tank in which this organism was flourishing; 
their connection with one another was proved 
by their all containing the peculiar colouring 
matter and by transition-forms of growth. The 
accuracy of these observations has been con¬ 
firmed by Zopf [4], and Lankester’s conclusions 
adopted by him as well as by De Bary [5], The 
species of Bacteria are said to be ‘pleo¬ 
morphic * or in Lankester's phraseology * pro¬ 
tean.’ Nevertheless it is exceedingly probable 
that not all bacterian Bpecios exhibit so wide a 
range of form as does B, rubesoens. Some seem 
to be limited to the miorococcus and clithridium 
cell-forms, and to exist either as free swarming 
cells of thoso shapes, or as linear aggregates of 
the same. Others again are possibly limited to 
the micrococcus form, though it is necessarily 
extremely dilficult to bo sure that under appro¬ 
priate conditions of cultivation the cell-form 
and aggregation-form will not ohange altogether, 
and, until experiments have been vory carefully 
made in each case with the object of breaking 
down the limitation of form usual to this or 
that speoies of Bacterium, it will not be justifiable 
to dogmatically characterise a species of Bacte¬ 
rium by reference to its shape. 

Spore-formations ^ffhe Bacteria reproduce 
with enormous rapidity by fission, but some few 
are knowp to produce special reproductive bodies 
which havo the property of resisting the Inju¬ 
rious effects of defecation and heat. 

In one sonso of the word * Bporo,’ every seg¬ 
ment into which a previously unbroken plastTd 
or cell of a Bacterium divides is a spore. A 
more special justification of the use of the term 
is found when occasionally one of the products 
of division is larger or moro refringent than its 
fellows. Such ‘spores’ are recognised in the 
cultivations of Bacterium (Bacillus) tuberculosis 
None of these are sufficiently specialised at 
reproductive particles to justify thoroughly the'.? 
use of the term ' spore ’ in regard to them. In,*? 
certain species, however, e.g. Bacterium subtile,. 
Bacterium anthracis, and B. megaterium— the 
formation of well-defined endospore»is obarao* \ 
teristic. The protoplasm within each member 
of a linear aggregate of baoillus-forms separates 
centrally from itself an ovoid mass (fig. o), on 
the surface of which a co.it of dense myooprotein* 
is produced. The bacilli themselves die away 
ana decompose, but the e void spores remain,and 
have the power when dried of resisting an 
posure to boiling water for as much as fifteen; 
minutes. This property in the spores of 
subtile, which are common in old hay, has 
to erroneous inferences as to the * spontaneous 
generation,’ or 1 abiogenesis,’ of Bacteria. It {« > 
possible, as suggested by De Bary [6], that tha i 
Bacteria which produoe endospores are widdgV 
separate (as to their origin from green aim 
from the other Bacteria which hare so iMa& 




iwi tpotM. Re dM4*» the BeeUrie tete 
Bndeepone u4 Arthroeperee. 

41*sdfle*tio& aad nomenclature of Bacteria, 
for the pretent De Bary'a division of the Bac¬ 
teria into Endosporea and Arthrosporea may bo 
accepted. The various generic names in use, 


frcg.ij»*n an thatmt-KK* Jatoi «W« » 
flnwiee; B. to the Owned 

growths of men and animals suffering from tuber* 
oular consumption or phthisis; B. lepra, in the 
diseased skin of persons suffering from leprosy; 
B. mallei, in men and horses affected with 


Inch as Streptococcus, Ascococcus, Cladothrix, j glanders; B. typhosum , in the spleen and lntes- 
Beggiatoa, Myconostoc, Leuconostoo, have no { tinal glands in fatal cases of typhoid fever; IS. 
logical basis, and produce a good deal of confusion j acidi lactici, in sour milk, the manufacturer of 


by a false appearance of order. It is probably 
sufficient at present tb limit generic distinctions 
to the three terms Micrococcus, Bacterium, and 
Bporobacterinm. The genus Micrococcus com¬ 
prises those liacteriuceie which are not at pre¬ 
sent known to exhibit any form of plastid or coll 


lactic acid; B. cyanogcnum , in milk, causing it to 
turn deep blue; B. pyocyaneum, in pus in badly 
dressed wounds, producing an emerald-green 
colouring matter; B. alvei, causing a disease 
in liee-larvao known as foul-brood; B. urea, in 
urinals, causing the ammoniacal fermentation 


other than that of minuto spheres; tho genus ! of urea; B. accti, the vinegar ferment, causing 

rt-.A_*__.Uinl. : ikn Artni.nmi.Mi nl othvlin nlpnVinl infn nr.f'tin 


tho conversion of ethylic alcohol into acetic 
acid, occurs in vinegar factories; B. prodi - 
fjiosum, causing blood-red staining of bread, milk, 
ifco., leading to public alarm, and regarded as 
a portent; B. ovation, causing tho silk-worm 
disease known as * pebrino; ’ j9. cuniculicidum, 
causing a specific sopticroraia in mice and birds: 
//. cludcne gall inetr ton, in tho blood and in the 
intestines of fowls Buffering from chicken 
cholera; B. jmeumonue cronposee, in the exuda¬ 
tion in croupous pneumonia of man; B. Kochii, 
Koch’s comma-bacillus, found in tho intestines 
of persons dead of Asiatic cholera (this is a 
spirillum form which breaks into comma-shaped 
segments; it is not proved to have any causal 
relation to cholera); IS. Finkleri, similar to the 
last but larger, occurs in ordinary diarrhoea; 
B. buccale and li. Lewisii, spiral and filamen¬ 
tous forms breaking into commas which occur 
in the healthy human mouth. 

Genus Mtcitococcufl. 

Species: M. pyogenes, in acuto abscesses; 
M. enj'iipilitosu.'i, the cause of erysipelas in 
man; Al. varioUr, in tho pustules of small pox ; 
Af. gonorrhcctc, probably the cause of gonorrhoea; 
M. ixnnbycis, causing tho disease in silk-worms 
known as flaccidez/a; .1 F. ventriculi, in the 
human stomach, observed in vomit, tho ' saroina 
vontiiculi’ of Ooodsir; M. scarlatina, probably 
the cause of scarlet fever in man, and of a disease 
of the udder in cows ; M. rabidorum, tho cause 
of rabies, not satisfactorily isolated as yet; be- 
pides a list of twenty or thirty more causing 
special kinds of pyaunia in such animals as 
rabbits and mice, or producing well-marked 
'colouring matters in colourless vegetable or ani¬ 
mal infusions, green, blue, rod, yellow, purple. 

For a complete enumeration of tho supposed 
'species’ of Bacteriaccw which have been de¬ 
scribed, together with a description of each 
spoeies and many illustrative figures, tho reader 
is referred to the extremely useful and trust- 
WiWthy treatise by Dr. Edgar Crookshank, en¬ 
titled A Manual of Bacteriology, published by 
H. K. Llwis, London, 1887. Dr. Crooksbank 
gives complete references to the original de¬ 
scription of overy known species and to the 
subsequent literature. 

Chemical relations of the Bactoriaoea.—The 
above incomplete list gives some idea of the im¬ 
portance attaching to these minute organisms. 
It is an importance entirely depending on the 

--— - -- --, , variety and peculiarity of the chemical deeom- 

0 . Xuhniana, in wells and drain-pipes (Creno- f positions and reconstructions which they excite 
thrix)} B. mesenteroides, forming masses like in tho organic compounds forming either tilt' 


Bacterium contains only those Bacteriaceai which 
are known to exhibit in tho course of growth 
rod-like forms of plastids, as well as in many 
eases micrococcus-forms and spiral ami straight 
filamentous forma; the genua Sporobaetorium 
includes only those forma which produce endo- 
spores, the so-called Bacterium (Bacillus) an 
thracis, lb subtile, and B. megaterium. Ad- 
boring to this nomenclature, wo still make use 
of tho terms vibrio, spirillum, bacillus, clithri- 
dium, ascococcus, zoogUea, <fco., Arc., to describe 
conditions of growth or varieties of ndl-forin. 

With regard to the use of specilic names, it is 
well that overy form or group of forms of Baa. 
tcriaeoai which definitely recurs in certain con¬ 
ditions, and seems to be, bo far as observation 
has gone, distinct from other known forms or 
groups of forms, should roceivo a naiuo. Hoeing 
that many of these names are probably but of 
temporary significance. It would bo well that 
they should bo as dodnue!^ descriptive of some ; 
feature of tho supposed species as possible. Tho 
Bnotoriacew should be named according to their 
ohief properties, pluco of ocourrenco, or character 
of growth, and not after persons. 

The following is a list of some of the chief 
supposed species of Bacteriaeeat whieh have been 
described, with an indication of the mode of oc 
currenco. It is by no means an exhaustive h q, 
and it is quite certain that some of the few s ip- 
posed speoios hero enumerated will, on further 
inquiry, bo found to bo phases of growth of other 
•peeios. 

Section A.; Fndosporea. 

Genus SroKoniCTKitruM. 

Species; S. subtile, common in hny; S. an- * 
thracis, in the blood of cattle, sheep, and man, 
causes the disease known as splenic fever; S. me- 
gflferittw^observod on boijpd cabbage; S. buty- 
ncum, tho butyrio ferment, occurs in cheese- 
making, and 1ms been confused with £►. subtile. : 

Section B.: Arthrosporea. ! 

Genus Daciemum. ! 

Specie*: B. termo, tho commonest form in , 
putrefying vegetable infusions, but not yet iso¬ 
lated and characterised; B. lineola, a larger 
form occurring in foul ponds and sewage; B. 
rubeserns, tho protoplasm is wine-red in colour, I 
the plastids and aggregates are of tho most 1 
varied forms, occurs in ponds on vegetable 
refuse; B. dichotomy, forming branched aggre¬ 
gates (cladothrix) and straight ami spiral fila¬ 
ments, common in river wator on dead leaves ; j 



irnn* or *** MU* mVUu* pinto rad 
animal*. Without Bacteria then would bo no 
•neb thing m potretootioa, and thsrefow no 
circulation of th« organic elements from their 
more stable compounds to the condition of albu¬ 
mens, hits, and sugars, and back again to the ; 
■table results of putrescence. The earth’s sur- j 
face would be cumbered with the dead bodies 
of former generations in which the carbon and 
nitrogen now serving as the food of plants would 
be permanently locked up. AH the evil smells 
which are not directly due to tho chemist, are, 
with few exceptions, due to the action of Bac¬ 
teria. Many valuable commercial products, 
such as acetic acid, lactic acid, and flavouring 
compounds such us butyric acid, are obtained 
through their agency. The pungent fumes of 
•table refuse arc caused by their action on urea. 
It is almost certain that they too are the agents 
of nitrification in the soil—one species of Hoc- i 
tcrium (or Micrococcus?) converting the am- ! 
monia produced Vy another, into nitrates and j 
nitrites. Some Bacteria produce highly poison- ! 
ous bodies by their action on the albumens of 1 
dead animals and plants; amongst these poisons : 
are the ptomaines, which have recently excited the j 
attention of chemists /*'. Other Bacteria make j 
their way into living animals and plants and 
there produce poisonous decomposition-products 1 
from tho albuminous constituents of the organ- ; 
ism, which are recognised in their effects under 
such names as splenic fever, scarlet finer, i 
phthisis, rabies, ,ve. It appears that there are 
many kinds of Bacteria which aro parasitic in 
and on the bodies of men and of other animals, 
the results of whose chemical activity is not 
injurious, whilst other kinds (or possibly tho 
same kinds under changed conditions) produce 
deadly rosults. Other kinds again, it now seems 
cortain, are not merely innocuous but actually 
necessary to the healthy life of the animal they 
inhabit. The digestion of food in tho alimentary 
canal of man and other animals is largely aided 
by the Bacteria which aro present in tho in teg- 
tine in countless myriads, and it appears that 
the products of digestion owe their chemical : 
characteristics in no small degeee to the Bao- j 
teria. In the absence of the normal parasitic j 
Bacteria the products of digestion in the human 
intestine would, it appears highly probable, be 
of suoh a nature as to act poisonously when 
absorbed into tho blood. When to these con¬ 
siderations wo add the fact that the Bacteria ; 
are ubiquitous, abounding in the dust of the air, f 
in all natural waters, and upon alt surfaces j 
whether of animate or inanimate objects which ; 
have not been chemically cleansed within a 
few seoonds of their examination, some idea 
may be formed of tho immense importance 
which belongs to the study of the Bacteria in 
the immediate future. 

Methods of Study.—At present the state 
of knowledge of tho chemical relations of tho 
Bacteria is extremely fragmentary. They were 
originally discovered by Leeuwenhoek [7], tho 
Dutch naturalist, in the fluids of the mouth, 
and various forms were subsequently Been with 
the microscope in natural waters, ponds, Ac., 
and described by Ehrenberg [8] and others. It 
Was Theodore Schwann [9], however, who, in 
1888, demonstrated by a simple experiment that 
> Val. I. 


Bacteria orate the ratrefutioa tf etga&it 
■obtianoes, and that without them there u no 
putrefaction. Later, Pasteur [10% in opposi¬ 
tion to Liebig, extended Schwann’s observations 
and oonolnsions, and established the dootrine of 
organised ferments, which has proved of immense 
practical importance, and is as yet only at the 
commencement of its history. The foundation 
of the experimental demonstrations of Schwann 
and of Pasteur lies in the fact that the living 
protoplasm of the Bacteria !•' destroyed - that 
is to say, undergoes an irrevocable chemical 
change --when subjected to a temperature below 
or about that of boiling water. Consequently 
it is possible, by the action of heat, to destroy 
the Bacteria present in an experimental vessel 
and its contents, and to protect tin* content* 
from tho further accession of Baoteria. By this 
method, and by this method alone, it bus boon 
possible to prepare organio infusions, ns well ai 
solid gelatine, albumen, Ac., which, whilst 
capable of supporting tho life of Bacteria, are 
yet free from their presence for the time being. 
Such substances are said to bo * sterilised.' 
Tiny can bn inoculat- d at pleasure with Bacteria 
and tho effects of the inoculation studied. In 
order to procure the Bacteria for inoculation in 
a state of purity, special methods have been 
devised. So abundant and varied are the, kinds 
of Bacteria present in nearly all natural organio 
material, that any rough process of inocula¬ 
tion will introduce many kinds of Baoteria 
simultaneously into a sterilised medium. To 
separate the various kinds of Bacteria for tha 
piirposn of study of each in its isolated con¬ 
dition. three principal methods urn employed. 
The first applies, ate .A. fti&asukiiown, to but one 
kind, the ,S/m rnl„ntrriinn (HacMas) suhiifa. Tha 
dry spores^f this Bacterium resist tho dealruc* 
live effect of boiling water for as much as 
lit let v minutes, whilst all other known Bacteria 
are destroyed by it. Heneo we have only to 
boil old hay in water for a f« w minutes in 
order to obtain j, pure cultivation of B. subtile. 
The Second method (due to Nageli [11 j) is that of 
fractional dilution, (liven a liquid swarming 
with a mixture of various Bacteria, of which it 
is estimated hy inspection that one individual 
in twenty is of tin* kind it is desired to cultivate. 
White tin) liquid to such an extent that on* 
drop of it should certain but a single bacterium. 
Then it is probable that every twentieth drop 
will contain a single isolated individual of the 
desired Bacterium. Fifty tubes of sterilised, 
nutrient material aro prepared, and i; to each a 
single drop of tho minted Bacterium-holding 
lluid is introduced. One, or possibly more, of 
the tubes will thus bo inoculated with an iso¬ 
lated example of tho d' ired Bacterium, which 
will multiply in the sterilised nutrient material 
and thus yield a pure cultivation, and can ba 
recognised by tho microscope. Tho third method 
is due to Brefcld, of Berlin. By streaking with 
a needle point a minute drop of fluid containing 
various Bacteria, over a surface of solid sterilised 
gelatine, tho various Bacteria will bo locally 
isolated along the course of tbo streak. They 
will remain thus separated from one another 
and commence to multiply in situ. With a low 
power of the microscope and a fine needle 
samples can be now removed from tho various 
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2 uioo ill tatoof sterilised nutrientmaterial for 
farther cultivation and study. Similar isolation 
is effected by mixing liquid gelatine with a 
dilate infected liquid ; when the gelatine solidi¬ 
fies, the various bacteria are embedded apart 
from one another, and grow in isolated patches, 
which can then bo removed and separately 
studied by further cultivation. 

Conditions of life required by Bacteria.— 
General results, (a), 

1. The first general resultof theso methods of 
study has been to determine the ubiquity of a 
large number of different kinds of Bacteria, and 
the comparative rarity of others. More will bo 
said below as to the study of the distribution of 
Bacteria in air and water. 

2. The Bacteria are found to differ from one 
another in their relation to freo oxygen; tho 
afirobio (Pasteur) will only multiply in tho 
proBenco of freo oxygon ; tho anaerobic will not 
flourish except in the absence of free oxygen, 
or at any rate aro indifferent to its presence. 
Thus B. anthracis is eminently uorobic, whilst 
the Bacterium of malignunt oedema is anaerobic. 
Tho hay-bacillus (B. subtile) is aerobic, the 
butyric bacillus of cheese (vory similar to tho 
former in appearance) is anaerobic. 

3. Tho sourco of nitrogen required by Bac¬ 
teria for building up their protoplasm is various. 
Very many can take it in as low a form of com¬ 
bination as ammonia. Others require it in 
highor combination, and some either require it 
in the form of albumen or at any rate can take 
it from albumens. It is from albumens that 
some of the most remarkable products formed by 
Bacteria result. JigMa be little doubt that 
the first steps in this process are comparable to 
tho digestion of albumen by animal cells. It is 
not ascertained that all and any I&cteria can 
attack albumens. Tho exact range of the chemi¬ 
cal quality of the nitrogenous food possible to 
eaoh species of Bacterium has yet to be deter¬ 
mined. 

4. The carbon required by Bacteria may be 
taken in as low a form as acetic acid by cer- j 
tain species; others can take it from tartaric j 


i for thia specie*. lilt 


highly probable that other such Bpecial regain¬ 
ment* m regard to the ohemical nature of their 
food, exist in respect of other speoies of Bacteria, 
whilst others again are more catholio in their 
nutrition. 

6 . Water is necessary for the growth of 
Bacteria as of all living things. Most Bacteria 
will flourish in the presence of that small amount 
of water in proportion to solid matter which 
suffices to constitute mere dampness or moist¬ 
ness. Bacteria aro not killed by partial desicca¬ 
tion, but none resist thorough desiccation. In 
this respect important variations have been 
determined in different kinds. The spores of 
the Endosporea have a special power of resisting 
desiccation. 

G. There is an optimum temperature favour¬ 
ing tho growth of Bacteria, which ranges in 
various species from 10 ,J to blood heat. Ex¬ 
periments liavo been made pwving that certain 
species of Bacteria aro killed by extreme cold, 
whilst all are arrested in growth during expo¬ 
sure to the freezing temperature of water. The 
most careful observations have been made in 
regard to the effects of oxposure to high tempera¬ 
ture. Exposure to a temperature of 100° for 
five minutes kills all Bacteria except those be¬ 
longing to tho Endosporea, the spores of which 
can resist the effects of this exposure for half- 
an-hour, and possibly longer. Many Bacteria 
aro killed at lower temperatures (e.g. 80°), but 
careful experiments aro wanting. 

7. Experiments as to tho effects of diminution 
and increase of atmospheric pressure upon the 
life of Bacteria have been made, but without 
reference to particular species. Diminution of 
pressure is not known to have any influence, 
whilst experiments made by the writer show 
that a pressure of thirty atmospheres does not 
hinder the development of putrefactive Bacteria 
appreciably, though modifying tho chemical 
results of their life - processes. Extremely 
high pressures are stated to be destructive of 
Bacteria. 

8 . The influence of light is, according to the 
aoid; others can do with nothing lower than a ! experiments of Downes [13], inhibitory to tho 
sugar; others again require glycerin or a simi- j growth of certain Bacteria, but the species bo , 
lor body, and others apparently require their affected have not been determined. This is in 
carbon as well as their nitrogen to bo presented accordance with the absence of protective pig- 
in the form of a protoid. Thus it results that * ment in most species, and the general fact of 
many Bacteria can be nourished by solutions of j their growth within turbid liquids and beneath 


ammonium tartrate alone, whilst the limits of 
complexity of necessary food-compounds has 
various ranges in other*speoies, all of which 
require accurate determination by the chemist 
I.ittlo has as yet been ascertained in this 
direction, but recently Dr. Roux [12] of the 
Pasteur Institute, has made an extremely im¬ 
portant observation showing the necessity for 
extended research of the kind. It was found by 
Kooh extremely difficult to cultivate the Bacte¬ 
rium tuberculosis, even upon blood-serum kept 
at the normal temperature of the body. Roux 
found that tho addition of a minute quantity of 
glycerin to the serum led to the rapid and 


tho surface of solid bodies away from the light. 

9. Liko the yeast-plunt, which creates a 
poison (alcohol) in the nutrient fluids in which 
it grows, which after reaching a certain per¬ 
centage causes the avrost of growth and the 
subsidence of the yoast-cells—so tho Bacteria 
are limited in their growth by tho existence of 
products of their own formation. These pro¬ 
ducts have not been investigated by Chemists. 
But it appears to be established that putre¬ 
factive Bacteria growing in a nutrient median! 
flourish lof a time abundantly, then suddenly 
cease their growth and sink to the bottom of the 
vessel in which they have been growing, although 


abundant growth of the B. tuberculosis supplied ■ the nourishing material is not exhausted, 
with that mixture; and further, that an ordinary 1 further and exact investigation of thi8 phetio- 
meat broth which alone cannot serve as pabulum \ mcnou by the chemist in regard to witti 
tor the B. tuberculosis, when mixed with a species of Bacteria must lead to result* rlfejf 
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preventive inoculationfor dlsaaaa. ' 

10. A condition of the life of a given species 
Of Bacterium is found in the presence of other 
species of Bacteria. Frequently one species of 
Bacterium is the indispensable friend and 
associate of a second preparing by its chemical 
activity the pabulum 011 which alone the second 
can thrive. An association of the kind is seen 
in what is called the vinegar plant, where 
Mycoderma prepares from starch the alcohol 
which the Bacterium aceti converts into acetic 
acid. So, too, the Bacterium of ammoniacal 
fermentation is the antecedent of the Bacterium 
which converts ammonia into nitrites and 
nitrates. Equally important is the inhibition 
and possibly the destruction of one species of 
Bacterium by another. Very little has boon 
ascertained on this important matter, but it 
appears that the presence of certain putrefactive 
Bacteria in a nourishing medium will actually 
prevent the dcvtl'pment and growth of certain 
pathogenic species of Bacteria, although theso 
aro present in small numbers. Apart from tho 
question of possible specific incompatibility of 
two Bacteria, it appears that the question of 
quantity (r. Cheyno [14j) is important. A species 
of Bacterium which is at tho commencement 
of an inoculation experiment one hundred times 
more numerous than a second species, may by 
its rapid development and numbers prevent 
altogether the growth of the second species. 

11. The question of tho conditions of life of 
the Bacteria involves the very important one of 
their tolerance of the presence of various che¬ 
mical substances in the liquids in whioh they 
grow, thoso substances tho presence of which 
is not tolerated by the Bacterium being called 
‘germicides’ or ‘antiseptics.’ On account of the 
practical importance of destroying or inhibiting 
the development of putrefactive and pathogenic 
Bacteria, a good deal of attention has been given 
to this subject by chemists, but unfortunately 
it is only recently in tho laboratory of Koch 
[15] that experiments to determine the germi¬ 
cidal action of chemical substances have been 
made with tho necessary discrimination of tho 
species of Bacteria which were the subject of ex¬ 
periment. The fact is now definitely established 
that some species of Bacteria aro killed by che¬ 
mical substances which do not injuriously affect 
others, and that tho amount of such substances 
which is effective varies in the case of different 
•pecies. Tho inquiry has only as yet been com¬ 
menced, but it is of immense practical impor¬ 
tance, since it may bo possible to discover * ger¬ 
micides ’ of a generally innocuous character 
which are specific poisons for certain disease- 
producing Bacteria, whilst harmless to other 
Bacteria and harmless to the higher animals in 
whose tissues the pathogenic Bacterfa flourish. 
Thus weak solutions of quinine sulphate are 
poisonous to the Bacterium urea, whilst not in¬ 
jurious to putrefactive Bacteria. Such a solu¬ 
tion can be injected into tho human bladder 
without causing irritation, and thus the inflam- 
,mation resulting from the ammoniacal decom¬ 
position of the urine in the bladder by Bac- 

: lerium ureno, which sometimes gains access 
thereto, can be entirely arrested. In this 
Inquiry the difference between actual destruc- 


Kon oftfcaliffr Ofth* Jfcftnit, and Atteaneat 
or inhibition of growth doe to the prawnoa of 
theantiseptioohomioal, have to bo distinguished. 
It is also needful to inquire how far auoh * anti* 
septios,’ without killing or inhibiting Bacteria, 
may modify the physiological processes and 
chemical results brought about by the latter. 
Tho most powerful and generally effootive 
poison for Bacteria appears to be corrosive Sub¬ 
limate. The presence of as little as 1 in 10,000 
of this salt, in a nutrient fluid has been found to 
kill Bacteria present. Phenol is also a general 
and powerful germicide. Boraoio acid also and 
common salt in largo quantities are effective. 
The nature of their action and their effectivenesfl 
in regard to different species of Bacteria have yet 
to bo accurately determined. Ant isept ic surgery, 
tho future treatment of zymotic disease, and the 
preservation of perishable articles of food, dopend 
upon the further discoveries of chemists in regard 
to this matter. It is not improbable that the 
most effective and useful germicides will ba 
found in chemical substances which, like quin¬ 
ine, resemble thoso inhibitory products whioh 
are produced by the Bacteria themselves and act 
as the natural obstacles to their excessive mul¬ 
tiplication. The more general question of tht 
tolerance of or necessity for tho presence on the 
one hand of free acid, on tho other of free alkali 
in the nutrient fluids suitod to different Bacteria, 
belongs hero. It has been studied in regard to 
many Bacteria in a rough and ready way. Some 
Bacteria will not flourish in acid media, other* 
will; but accurate quantitative investigation* 
are still wanting. 

The products of the aotivity of B&oteria,— 

When a species oMMBfMtamgrows in a nutrient 
fluid of known chemical composition with acoes* 
to a de/Uyto and limited volume of ulinosphetfo 
oxygen—under given conditions of temperature, 
pressure, and illumination—certain chemical 
interchanges occur in the materials contained 
in the apparatus. Theso can he accurately de¬ 
termined in certain instances, and tho variation 
of tho quantity of change in relation to time can 
bo stated. Various factors of tho process, suoh 
as temperature, presence or absence of initial 
chemical substances, Ac., can ho varied, and the 
results slated and compared. In no ease has such 
an experiment as yet been accurately mode by * 
chemist. Nevertheless, we know roughly that, 
in the supposed experimental apparatus shot* 
indicated, there will be after a certain time an 
increase in tho weight of myeoprotein and alba* 
mens existing in the form of fiadteriu, and a 
corresponding diminution in tho C, II, N, an£ 
O of the other material in tho apparatus. Not 
only this, but wo find certain new chemical com¬ 
pounds present outside tho actual substanoa of. 
the multiplied Bacteria which result from and 
aocompany the growth and life of tho particular 
species experimented upon. The same uentril 
statement is true of any higher organism in 
relation to its necessary pabulum; but where** 
in largo multicellular organisms the reeultinf 
products of the life of the organism am tam¬ 
per aril y or permanently held within tha mag* 
of the body, in the minute unicellular Bacteria 
there is no taking in or envelopment of tha 
materials to bo acted upon by the living thing, 
but the organism gets into its food instead af 
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tot food MtUag into »i eon«Kn»ntly prooeMei 
tomparabla to toe digestive and even to toe more 
deep-seated metabolic processes of higher organ¬ 
isms take place in the nutrient liquid in which 
the Bacterium lives, being initiated at the sur- 
face of the swarming cells constituting the colo¬ 
nies of these minute plants, and serving their 
economy equally hh well as though they occurred 
in an alimentary ounul or in a series of blood¬ 
vessels and tissue-spaces. The chemical changes 
induced by Bacteria should bo studied from the 
same point of view as that taken by the physio¬ 
logist in regard to tho activities of the various ; 
Cells of the tissues with their diverse and specific 
functions. Wo aro not yet in a position to treat i 
the subject from this standpoint hut wo can dis- j 
tinguish with more or less certainty results j 
traceable to respiration, digestion, assimilation, , 
accretion and excretion; tlm chemical correla¬ 
tives of these processes are changes described as 
de oxidation, oxidation, specific fermentations, 
Specific syntheses. 

The obi'ious results of tho activity of Bacteria 
(setting aside tho probably universal evolution 
of CO* and consumption of free 0. common to 
the Bacteria and all living protoplasm) though 
by no means necessarily the most important in 
regard to their own physiology, aro the produc¬ 
tion in the liquids in which they grow of (1) 
substances having distinctive smells and fla¬ 
vours ; (U) substances having brilliant colours; 
(3) substances having eminently poisonous pro¬ 
perties ; to these may be added such remarkable 
results of oxidation as tho manufacture of ni- 


pound* if this, the* tbey*re formed when the 
Bacterium ft cultivated in a pure solution of 
ammonium tartrate (with traces of mineral salts) 
often called Pasteur's or Cohn's solution. Thus 
the Bacterium of blue milk can be grown and 
made to produce its bluecolour from ammonium 
tartrate, the Bacterium of green pus similarly, 
and many of the chroinogenic Micrococci, whilst 
some of the specially active putrefactive Bacteria 
manufacture foul-smelling products from the 
same salt when experimentally nourished with 
it. 

In regard to tho second group, that of sub¬ 
stances resulting from a breaking down of higher 
chemical bodies brought into relation with the 
Bacterium (and that probably by the action of a 
secreted ferment which may be minute in 
amount and possibly never separated from the 
surface of the Bacterium-coil), wo have to note 
first of all that the ferment itself belongs to the 
previous group. Secondly, that various species 
, of Bacteria have been shown ^produce ethylio 
and other alcohols in this way—from sugar 
and similar bodies—as docs the yeast-plant 
| (Siiccharomycos). Fitz [17J has shown that 
a certain Bacterium converts glycerin into ethyl 
| alcohol, whilst another converts it into butyl 
| alcohol. Other Bacteria havo been shown to 
; convert sugar into gum or into mannite, pro- 
| duoing the so-called ‘ ropy fermentation * of 
syrups, wine, and beer. Urea is converted into 
carlnmato of ammonia, hippuric acid into 
benzoic acid and glycocoll. Albumens are 
j broken down into bodies which have not been 


tralon in soil, of un tic ncid in vinegar factories. 
Ami tho manifestation of_ljeht - thephosphores¬ 
cence of decaying"-.., nones, and other organic ; 
refuse. 

The chemical nature of the substances which 
are thus produced, tlm by-products which ac¬ 
company them, iiikI the nature of tho processes 
by which they are originated, have not yet formed 
the subject of chemical investigation to any 
large extent. Such knowledge as wo have is 
due to Pasteur [10J, to Fitz [17], and ono or two 
Others. 

It seems probablo that wo may distinguish 
amongst these results thoso which are due to 
synthesis, by tho Bacterium acting on lower 
compounds taken into its substance, and thoso 
which aro due to analysis resulting from tho j 
action of ferments and other agents secreted by ; 
the Bacteria and acting on surrounding material 
of a high degree of chemical complexity, (tf 
tho nature d! these ferments wo know nothing; 
their existence is hypothetical but highly pro¬ 
bable. To tho tirst category belong certainly 
many of tho brilliant pigments which tho Bac¬ 
teria produce; in most cases these pigments aro 
•olublo and pass out from the protoplasm into 
the surrounding water. In Bacterium rubrsccns 
the wine-red pigment is not soluble, and remains 
where it is manufactured in the cells of tho 
plant. Tho remarkable smelling substances 
formed by putrescent Bacteria also belong to 
this group of built-up products, and it is pro¬ 
bable that tho poisonous products of some 
pathogenous Bacteria, though not of all, aro thus 
elaborated. Tho chief experimental reason 
which we have for concluding that these bodies 
or* built up by the Bacterium from lower com- 


determined in many cases, but include tho 
ptomaines, nouridine, and trimothylvinyl-am- 
monium hydrate. Various Bacteria as well as 
tho specific H. lactici, produce small quantities 
of lactic acid from various substances, such as 
grape-sugar, milk sugar, and glycerin, whilst 
possessing other ferment-producing action also. 
Butyric acid is frequently produced in those 
processes by other Bacteria as well as by the 
B. buiyricum of cheese-factories. Exact know¬ 
ledge is, however, sadly deficient in these 
! matters, owing to tho fact that hitherto chemist* 
have not been careful to ascertain what species 
of Bacterium is present in tho fermentations 
studied by them. Owing to this we do not yet 
know whether in different nourishing fluids and 
under different conditions of access of oxygen 
ind of temperature, the same Bacterium can 
produce different fermentations. Such know¬ 
ledge as wo havo tends to a positive answer to 
the above question. One of the best researches 
with a known species of Bacterium is that of 
Vandevelde [18], on tho l\ay bacillus (B. subtile). 

Since it is probable that there is this change 
of chemical activity under changed conditions, 
it is also probablo that a Bacterium which i* 
harmless under ordinary conditions of growth 
may, when specially cultivated in albuminous 
media, acquire the property of living in the 
animal body as a parasite, and there cause 
deadly diseaiw by its fermentativo action, or by the 
secretion of poisonous products. Buchner [19], 
starting from this theoretical consideration, baa 
endeavoured to produce the deadly B. anthraci a 
of splenic fever from tho hay bacilluB (B. subtile}, 
and conversely to restore the parasitio form OT 
| cultivation to the primitive atate. Sia expert- 
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It Is diffloolt to hasard a guess aa to whether 
the poisonous effects of any given Bacterium 
proved to be concerned in the production of 
disease, are due to the secretion of a poison by 
the Bacterium or to the production of one by its 
fermentative action upon the constituents of the 
blood, tissues, or intestinal contents. The che¬ 
mical theory of the antidotal action of inoculation 
with various ' vaccine ’ cultivations, which is 
that favoured by their chief discoverer and in¬ 
vestigator, M. Pasteur, would seem to involve 
the hypothesis that whilst the effective poison 
is a secretion of the.Bacterium, the antidotal 
material is a chemical compound resulting from 
the fermentative action of the Bacterium, quite 
distinct from the poison. This fermentation- 
product by its accumulation inhibits tho de¬ 
velopment of the Bacterium as alcohol inhibits 
the further growth of the yeast plant by the 
fermentative ac*'>n of which it lias been formed. 
The phagocyte theory of Metschnikow [20] in re¬ 
lation to preventive inoculation does not involve 
thiB distinction (sec below). 

The oxidising action of Bacteria must bo 
considered merely as a special form of their 
fermentative action. By the latter they produce 
intermediate chemical substances which uro 
readily oxidised by tho free atmospheric oxygen. 
It is probably thus that acetitication proceeds 
when li. act'li converts ethylie alcohol into 
vinegar or when organic nitrogenous bodies and 
ammonia in tho soil are converted into nitrites 
and nitrates. There is no evidence of a specific 
oxidising action on the part of the Bacterium. 
The phosphorescent substance produced in stalo 
fish, old bones, meat, Ac., under certain con¬ 
ditions by certain Bacteria (ns yet not precisely 
determined) may bo regarded as an example of 
one of these intermediate oxidisablc substances. 
The oxidation in this case is accompanied by the 
evolution of light. 

Special Study of the Occurrence and Dis¬ 
tribution of Bacteria in the Atmosphere and in 
Potable Waters.— The ubiquity of Bacteria has 
beon demonstrated by the use of sterilised nutri¬ 
ent fluids. If such a fluid be touched by a glass 
rod or by tho finger or by any surface not chemi¬ 
cally cleansed, Bacteria arc conveyed into the fluid 
and multiply there with enormous rapidity. 
Gelatin has been used as a means of studying 
the number of Bacteria present in the atmosphere 
or in a sample of water (v. Percy Frank land's re¬ 
searches [21 j). However modified, the process is 
essentially this : a given volume of air is passed 
through a liquid bo as to arrest all Bacteria pre¬ 
viously floating in tlrc air. The liquid is then 
mixed with gelatin, warmed to liquefy th«^gela¬ 
tin, and rapidly cooled as a thin layer on a plate. 
The Bacteria develop at various separate points 
in the gelatin, giving rise to spherical growths 
or nests. These are then counted, and the 
species present may he discriminated by further 
cultivation. Where water is the subject of in¬ 
vestigation the gelatin is directly mixed with a 
given volume of the water. The results thus 
obtained have only a subordinate value from the 
point of view of the hygienist. The majority 
of Bacteria are perfectly innocuous, and their 
presence is not— as has been too readily as- 


•anwd—u ladiekUoo at tfc. pntoU«rnwno« 
of ptthomnio Butarf*. No >aoh nitural tow* 
datura of pothogenia and innoouoai Baotoilo in 
definite proportions has been ascertained, and 
its assumption is not warranted. It ii necessary 
in all cases, if the results are to have hygienio 
value, to distinguish the kinds or species of 
Bacteria present and to ascertain their proper- 
! ties. Further, it is quite certain that ail species 
j of Bacteria will not flourish in gelatin even 
when mixed with pep tony or such bodies. For 
instance, one of the most important pathogenic 
Bacteria —that concerned in tubercular consump¬ 
tion —will not do so. A sjM oial pabulum is needed 
for this Bacterium, and its presence would not 
bo indicated by the ordinary gelatin cultiva¬ 
tion of the contents of a given volume of air. 

! Ileneo it seems necessary that in addition to 
careful discrimination of the Bacteria obtained 
by sucli experiments on atmospheric and aquatic 
distribution, there should be a systematic uso of 
various cultivating media for tlm purpose of 
demonstrating the presence of various kinds of 
! Bacteria. No doubt many kinds can he seourod 
by the peptonised gelatin method, but if the 
j results of such studies ore to have any qualitative 
| hygienio significance, other cultivating media 
- must bo simultaneously made uso of. All the 
I work at present done on this subject roquiraa 
. doing afresh from this point of view, 
i Special 8tudy of Pathogenic Bacteria.—A 
! largo number of most important observation* 
have been made of late years by pathologists— 

1 especially by Lister, Pasteur, Koch, Klein, and 
their pupils—demonstrating not only the 
i presence of Bacteria in tho blood and tissues of 
j man and other jyj^i^^vhon in a stale of 
j disease, but als^ pr» vlngTV^ certain number of 
! cases that tho Bftcleria arc tho cause of Speoiflo 
j disease.* The proof, which is sufficient, and has 
! been furnished in a limited number of instances, 
consists in—1. Tho constant presence of a 
I definite form of Bacterium in tho diseased 
; animal and in the specially-diseased parts of it. 

2. Its successful removal from tho diseased 
animal, and its pure cultivation on media fro* 

: from all contamination by particles of tho dis- 
; cased animal. -3. The experimental introduction 
of tho cultivated Bacterium into the body of a 
healthy anima 1 liable to the disease in question 
but free from i£.— 4. Tho subsequent develop 
meat of the disease in tho inoculated animal. 

. This proof has been furnished in regard to th# 
connection of Ii. anthracis with splenic fever 
in cattle and sheep, and inuliqguit pustulo in 
man ; in regard to li. tubcrculusisHud consump¬ 
tion or phthisis in man and animals ; in regard 
to H. choleric gal!inn » and the cholera of fowl*; 

, in regard to Micrococcus crysipelatosun and ery¬ 
sipelas of man ; in regard to certain Bacteria and 
Hopticiomie and pyn.mi<: conditions in rata, mioe, 
i rabbits, and birds; and in regard to some other 
diseases of animals. Huch a connection is 
i strongly suspected, but not yet proved in tha 
complete manner formulated above in regard to 
’ certain observed Bacteria or Micrococci, and tha >. 

followingdisc&scs^iz.HniaU-pox.Hcarlatma.dipb- ; 

j theria, typhoid fever, cholera aniatica, malaria, 
yellow-fever, gonorrhoea, Ac. Tho first definite 
researches in this direction, which were imntedt* 

! atcly accompanied by practical results of snor- 
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whoihoved tti.tthe blood-poiaonlng to freqaont j.eorpuwlM ot thsblood, Which, jfc h £• pMvea, 
in crowded hospital* alter surgical operations ' attack and feed upon Baoteria whioh are multi- 
waadue to the accons o! liacteria to tho wounds ; plying in the blood and tissues. This property 
wbero they multiplied and manufactured poison- . of tho white corpuscles leads Mctsohnikow to 
oub products (sepalne ( ptomaines?) which were i term them ‘ phagocytes,’ and, according to him, 
absorbed into tho blood. Lister adopted mea- preventive inoculation depends for its efficacy 
*ures h>r preventing tbc access of these Bacteria, on the fact that, having learnt to resist and 
chiefly by the use of phenol and great cleanliness destroy a weaker modification of a pathogenous 
in instruments, dressings, d*e., and thus estab- Bacterium, they are able to deal subsequently 
fished tho antiseptic system of surgery. ; with the more virulent variety; whilst it has 

It is remarkable that tho researches which been suggested that in the struggle between the 


have been made on the relation of Bacteria to 
disease have been mostly of a purely empirical 
character. Almost the only investigator who has 
carried the matter further (and with tho most 
brilliant results) is the French chemist Pasteur. 
Tho fact is that tho question as to what tho 
Bacteria do aftor ortming tm animal hotly is, 
liko tho question of their action on substances 
external to the body, essentially a chemical one. 
Following up tho observations of Toussaint, 
Pasteur |22j was led to tho discovery that the 
JJactnium anlhtacis when cultivated in broth 
could bo made to assume a condition in which 
its virulence was greatly diminished. Neverthe¬ 
less when introduced into the tissues of a sheep, 
the cultivated Uuuterium multiplied, and us a 
consequence of its growth rendered tho sheep 
so treated resistant to tho attacks of tho virulent 
liaeb i ium untilracis taken from another anirnars 
blond. 

it was known that an animal which had 
survived an attack of tho virulent B. anthmeis 
was thereby rendered 4 immune ’ to subsequent i 
attacks, just as one attack of small-pox renders 
its survivor ‘ mm.;ito that disease. 
Tastour conceived tho theory that tho Bacterium 
causing the disease in all such cases nroducos 
as a by-product-independent of its*specific 
poison -a chemical substanco which inhibits its 
further growth (as in tho case of tho alcohol 
produced by tho yeast plant) and that this 
■ubatanoH remaining in the animal body pro¬ 
tects it from being tho scat of further growth 
of the pathogenic Bacterium. The modified cul¬ 
tivated variety of B. anthracis equally produces 
this substance, and consequently acts as a pro¬ 
tective against tho incursions of tho virulent 
form. Similarly cow-pox is to ho regarded as 
the result of tho growth of a modified small-pox 
Miorocooous, and thus the protective effects of 
inoculation with cow-pox are to ho explained, 
applying this conception I’asteur has success¬ 
fully protect^ L^.-nyls against fowl-cholera, and 
San boon led to bis greatest triumph, tho pro- 
lection bv inoculation against rabies and tho 
lUOQcssful treatment of persons bitten by rabid 
logs. 

It is extremely interesting and important to 
>bsorve that the discoveries which have been 
uado in this subject are duo to chomioal con- 
Kptions. Nevertheless there is much proba¬ 
bility in the view put forward by Metschnikow 
jj distinguished zoologist, now director of tho 
Bacteriological Institute of Odessa) to the effect 
that protective inoculation does not depend upon 
flat development within tho inoculated animal 
M agermioidal poison, resulting from the growth 
tf the very germ whioh is killed or inhibited bv 
luAi poison, but is rather due to the education 
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phagocytes and the inoculated modified Bacteria, 
there must bo a survival of the fittest and a 
1 consequent strengthening of the later generations 
of phagocytes in the protected animal, 
i However this may be, it is obvious that both 
the direct study of the chemical history of 
pathogenic Bacteria and the indirect suggestions 
derived from further knowledge of the chemical 
; history of Bacteria of all kinds, nro of an im- 
■ portanee to human life and h*Ah which cannot 
| be over-estimated. 

! In connection with the study of tho patho¬ 
genic Bacteria which attack man, it is necessary 
to insist that at present no one lias attempted 
to 'determine the various kinds of Baoteria 
which are normally present on tho surface of 
tho human body, in the mouth, stomach, and 
intestines. There appear to he twelve or more 
present in the healthy human mouth (u. Vignal, 
L23J). So strangely has this matter been neg¬ 
lected that Koch of Berlin was ignorant, when 
ho discovered tho so-called ‘comma-bacillus ’ in 
tho intestines of choleraic subjects in India, 
that an identical form occurs in the healthy 
human mouth, as shown by Lewis [24]. 

Spontaneous generation or abiogenesis.— 
Twenty years ago experiments and observations 
"’cue brought forward by various more or less 
competent observers [2o] which were interpreted 
ns proving the sudden formation of Bacteria as 
living things in fluids containing the elements of 
protoplasm where no germ or living thing pre¬ 
viously oxistod. It is sufficient to say hero that 
theso views had a valuable effect in stimulating 
tho investigation of tho life-conditions and acti¬ 
vities of the Bacteria, but have been definitely 
proved to bo erroneous and to have arisen from 
tho imperfect state of knowledge ns to the 
ubiquity of Bacteria and tho power to resist 
tho destructive effect of boiling water possessed 
by the spores of Bacterium subtile—the hay 
bacillus. 

Conclusion.—An endless field of investiga¬ 
tion is open in connection with the Bacteria. 
It seems certain that in the near future we sh a l l 
be able to control the disease-produoing forma, 
whilst the suggestion presses itself that it may 
be possible to cultivate and intensify tho activi¬ 
ties of thost which act as scavengers and even 
to lead some by appropriate methods to the 
acquirement of new powers, or to the develop¬ 
ment of activities at present scarcely recognised. 
There is no reason, from the point of view of the 
biologist, why these lowest plants should not be 
cultivated and specialised as breeds and varietiefl 
for the service of mankind, as the peach and the 
strawberry, the wheat and the cabbage have 
been. 

&B.4 
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BAPTISIA TINCT0R1A. The root of this 
plant contains a crystalline alkaloid (Greene, 
P5. 3 10.581). 

B43BAL0IN v. Alois. | . 110. 

BAKBATIC ACID r„,U,N,0 : . ^ 180 n J. Occurs, 
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b.iil-.;!.! (St- nhouse a. Groves, O’. J. 37, 405; A. 
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, 1>« tviiipusod by boiling milk of lime into CO, 

' and (8i-orein. 
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forms di-bromo-barbituric acid.—5. Heated with 
.glgc-nn it fonna^dibarbiturio acid, urea, and . 
' umnumimil muioTi" n-aTt^Mi. Cyanogen forms a 
1 compound C,11,N V 0 ;< (CN) !! aq, whenco potash 
i fornn W*yanuromalic acid.’ 

Salts.—Nil,11 A": needles, v. si. sol. cold 
; water. — Na.A" 2aq. - KHA'\ — BalI..A"2aq.— 
PbA". Cu 1 LA".., 3aq.-- Agl 1 A".-~ Ag a A". 

Acetyl derivative CJLAcN./),. A by. 

.told 


xevi. (1881), p. 50*A 

21. Percy Frankland. Pr. a.d. 1885-0-7. 

22. Pasteur (B. anthracis). La vaccinal inn 
charbonneusc. C. B. 1883. 

23. Vignal. Journal de VAnatomic et de la 
Physiologic, 1887. 

24. Lewis, T. U. Beport of the Commission 
on Cholera, 1885. 

25. Bastiau. The Beginnings of Life, 1808. 
Roberts. 2V. a.d. 1874. Tyndall. Flouting 
Matter of the Air, 1881. 

BALANCE v. Analysis. 

BALATA. A substance resembling caoutchouc 
and gutta-percha, obtained from the dried milky 
juice of the Bully-tree ( Sapota Muelleri) (Sper¬ 
ling, Z. [2] 5, 480). 

BAL8AK. This term was originally con- 


from urea, inaloriio acid, and FOCI,. Powder, 
sol. hot water. 

Di-mcthyl derivatives,— I. MalonyU 
ilimetliyl-urca [138°]. 

From malonic Jicid, di-methyl-urea and PCI* Of 
from di-nn-tbyT-urea and cyano-acetyl chlondi, 
CN.CU r CO.Cl (Mulder, B. 12, 4(5(1). FUt 
needles, v. sol. water. Forms a di-bromo-d«ri* 
vativo [175°-18(F). __ 

II. Di•methyl nuilonyl-urea”*• 

From silvar W*r 


co <Naco> CMo> ‘ 


[2G5°J. 

biturate and Mel (Conrad a. Gutbzeit, B, 
1(543) or from di-mediyl-malonic acid, urea, 
POC1, (Thorne, C. J. 89, 645). Plates " 
water). V. si. sol. cold water. Bolling 


fined to a single substance called Balm of Gilead i forms di-mcthyl-malonic acid. 


or Balsam of Judea, but is now employed gene¬ 
rally to denoto any liquid resin with aromatic 
odour. They are composed of solid resins 
mixed with essential oils. Balsams of Peru, 
Tolu. Liquidambar, and Storax, contain cinna¬ 
mic acid; Copaiba balsam, Mecca balsam, and 
turpentine, do not. 

f ARABANIC ACID v. Paiubanic acid. 


Salt.—Ag,A" Jaq. 


Ethyl derivative 

; [190°h From ethyl-malonic acid, POC1*, 
urea. Give, a bromo-derivative. - 

| Di-ethyl derivative 
j [182°). From silver barbiturate and XtL 






; B4*$llld*fivativ* 

0°<5^>pa0 H J Ph. [206®]. From I 

benxyl-raaloaio acid, POOI„ and area. 

Additional References. —Finck, A. 132, 304 ; 
Baeyer, A. 130, 130; Conrad a. Guthzeit, B. 
14,1648; 16, mi. 

Di-barbituric acid C,H rt N 4 O v The ammo- 
alum Balt is formed by heating barbiturio acid 
with glycerin at 150°. The acid is un insoluble 
powder; it gives a di-bromo- derivative. 

SaltsN H 4 IIA".~Na,A" 2 aq. —KHA" maq 
(Baeyer, A. 130,145). 

BABIUM. 13a. At. w. 130 8 . Mol. w. un¬ 
known, as V.D. not determined. Very little 
known of properties; doubtful if approximately 
pure Ba has yet been obtained. 8 .G. abt. 3*5-4 
(sinks in 11,80,). S.V.S. abt. 36*5. Chief 
linos in spectrum ard 5850, 5538, 4034, 4553, 
8140 (Huggins, T. 154,130). 

Occurrence .—Not as metal; chiefly as sul¬ 
phate (;heavy spar), and carbonate ( witkerilc ); 
also as silicate in combination with silicates of 
Br, K, or Al, and as oxido in combination with 
oxide of Mn. Ba compounds occur in many 
mineral waters; in tho ashos of certain plants 
(Eokart, A. 100, 294); and in small quantities 
in sea water (Dieulafait, A. Oh. [5J 15, 540). 

Formation.— An amalgam of Ba and Hg i3 
preparod in sovoral ways:—(a) by oloctrolysing 
BaCl, mixod with a little very dilute HClAq, 
using an amalgamated Pt wire as negativo 
eleotrodo (Bunson, A. 02, 248); ( b ) by electro- \ 
lysing moist BaO using ilg and Pt as electrodes 
(Davy, T. 1808. 303); (c) by bringing hot BaO j 
or BaCl, into contaot with vapour of K, and ] 
treating tho product witl^IByir by heating BaO 
with Na and tioatii4F"wunIig(KerV C. N . 31, ■ 
214); (d) by the action of Na amalgam on oonc. I 
warm BaCl.Aq (Crookes, C. N. 6, 1(44). By j 
heating Bn amalgam in an atmosphere of II, or ; 
of hydrocarbon vapours, metallic Ba was sup- j 
posod to bo obtained; but Donnth (B. 12, 715) ! 
assorts that it is impossible to remove all tho 
Hg even at a white heat, and that the residue 
contains nH much ns 62 to 77 p.c. Hg. 

Preparation By electrolysis of fused BaCl, 
mixed with N11,CI, in a porcelain crucible in an 
atmosphoro of H; tho positive olectrode con- 
lilting of a cylinder of coke, the negativo of an 
iron wire (Mntthicsaen, C. J. 8,^94). 

Properties and Reactions .—It is very doubt¬ 
ful whether tho properties enumerated by 
different chemists ns characteristic of Ba were 
determined by experiments made on even 
Ipproximatelypure metal. Pavy described Ba 
as silver-white; Bunsen and Mattliiessen as a 
golden yellow, slightly lustrous, somewhat 
malleable, metal, which molts at a rod heat, but 
cannot bo distilled. It is very easily oxidised, 
decomposes cold 11,0 readily, and burns in the 
oxyhydrogen flame. As no gaseous compounds 
of Ba havo as yet been obtained, and us the 
ipec. heat of tho metal has not been determined, 
tha value to bo given to its atomio weight, the 
combining weight or equivalent having becu 
determined, is arrived at ohiefly by considering 
the analogies between the compounds of Ba and 
tiioae of other allied elements, chiefly Ca, Sr, 
Hg, Zn, and Cd. These analogies lead to the 
tonnulie BaX and BaY, for the compounds of 


Ba, wfcm x-0,8,BOiO<V^rirt**CV 
NO* 010* Ac.; the** oompoonds belong to one 
series. The valency of the atom of Ba in gaseous 4 
molecules is unknown. That the atomio weight 
of Ba is represented by a number the moat 
probablo value of which is about 136*8, provided 
the composition of the Ba compounds is ex- 
pressed by the general formula BaX„ where X « 
a monovalent atom or group of atoms, was estab¬ 
lished chiefly by analyses of barium chloride con¬ 
ducted by Mangnac (A. 08, 215 ; 106, 105) and 
Dumas (A.Ch. [3J 55,137). Ba reacts as a strongly 
positive metal; the salts obtained by replacing 
II of acids by Ba are stable and well marked; 
BaO and BaOJi,, BaS and BaS,H,, exhibit no 
acidic characters; BaO,H a is distinctly alkaline, 
its heat of neutralisation is the same as that of 
soda and potash (J'h l,332) r BftOH v Aq,H'SO , Aq] 

= 31,150; [BaOTDAq, 2HC!Aq]= 27,640. Ba 
combines with O and the halogens with produc¬ 
tion of much heat and formation of very stable 
compounds :—[Ba.O] = abt. l$t 000; [Ba.CB] 

= 194,700; [Ba,Br 2 ] - 170,000 [Th. 3, 206); 
these numbers are approximate only; thoy were 
determined indirectly, except that for BaO, but 
tho 13a used was not freo from Hg. Barium is 
very closely related to Ca and Sr, and less closely 
to Mg (v. art. Alkaline Earths, metals op the). 

Baryta was obtained by Scheele in 1774 from 
heavy spar ; Davy in 1808 decomposed baryta 
by electrolysis ; the metal was obtained approxi¬ 
mately pure in 1855 by Bunsen and Matthiessen. 

Combinations. —Very few compounds of Ba 
have been formed directly from the metal. It 
forms alloys with a few metals; that with 
mercury ( v . supra, Formation) is a silver-white 
body which rapidly decomposes water and cannot 
bo separated into Ba and Hg by heat alone. 
BeketolT (.4. 110, 375) obtained an alloy with 
aluminium, as a greyish solid with a tinge of 
yellow, by heating Al with BaO,H, and a little 
BaCl,; it decomposed H,0 rapidly, but tho water 
did not acquire an alkaline reaction. Caron 
described alloys of 13a with lead, bismuth, anti¬ 
mony, Ac., obtained by the action of alloys of 
these metals with Na on molten BaCl, IA, 111, 
114). 

Detection. —Many salts of Ba are soluble 
in water; some are insoluble; aqueous solutions 
of Ba salts are ppd. by cone. HClAq or cone. 
HNOjAq. Insoluble Ba salts aro decomposed 
1 by fusion with alkaline carbonates, giving BuCO, 
i which dissolves in dilute acids. Fusible salts 
| of Ba impart a pale yollowish-greon colour to 
the non-luminous flame ; the colour appears 
blue-green through a green glass. The emission- 
spectrum of Ba is characteristic; it contains very 
! many lines in the green ; about mgm. Ba 
may bo detected by the spectroscope. Dilute 
, sulphuric acid, or a dilute aqueous solution of 
j sulphates, ppt. white BaS0 4 , insoluble in 
! alkalis and dilute aoids; 1 part Ba.2NO, in 
| 100,000 parts of water gives an immediate 
1 pp.; one part in 400,000 gives a cloudiness on 
standing. By this reaction Ba salts are dis- 
: tinguished from Ca salts, and to some extent 
from salts of Sr. 

Estimation. —1. Bais usually determined as 
BaS0 4 , which is ppd. from fairly oono. solutions, 
containing a little HC1 or HNO* by dilate 
H s S0 4 Aq, the pp. is collected, well washed. 
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' ui hnki lotto *j£Uag.' BhBi 
o4Q»im p t to n t. C» SO, mtj bn m mowi tram 
th* pp. by long waihing with very dilate HClAq, 
at by diverting with Ni,8,0,Aq (Diehl, J.pr. 7$, 
*0) which dissolves CoSO, bat not BaSO<. 
PbSO*, if present, may be removed from the 
pp. by washing with solution of potash, or of 
ammonium tartrate.—2. In presence of salts of 
Oa and Sr, Ba is best estimated as BaSiF,, which 
is ppd. by freshly prepared Ii,SiF s Aq, followed 
by alcohol; after standing 12 hours, the pp. is 
oollected, washed with a mixture of equal 
volumes of alcohol and water, dried at 100°, and 
weighed (t\ also Rose, P. 95, 280, 299, 427). 

Barium, alloys of, v. Barium; Combina¬ 
tions. 

Barium, antimonates of, v. antoionates, 
under Antimony, acids or . 

Barium, arsenates of, v . arsenates, under 
Absenic, acids of. 

Barium, arsenites of, v. absenites, undor 
Arsenic, acids or. , 

Barium, bromide of. BaBr : . Mol. w. un¬ 
known, as compound has not been gasified, 
[abt. 812°] (Carnellev, C. J. 33,280). S.G. 4-23 
(Schiff, A. 108, 21). H.F. [Ba,Br*] - 1G9.9G0; 
[Ba,Br : ,Aq] = 174,940 (Th. 3, 200). 

Formation. —1. By acting on Ba0 2 H 2 or 
BaS, with HBrAq. — 2. By adding BaS to an 
aqueous solution of Br.- 3. Along with BaBrO,, 
by the action of Br on Ba0 2 H ,Aq. 

Preparation— Aqueous HBr is neutralised 
bv pure BaC0 3 , the liquid is boiled down and 
allowed to crystallise, and tho crystals of 
BaBr 2 .2H 2 0 are heated in a stream of dry air to 
100 °. 

Properties and Iteactions.— Crystallises with 
2H s O in white triraetric plates (ltammclsberg, J*. 
65, 237); according to Hauer (J.pr. 80, 230) and 
Werther (ibid. 91,1G7) the crystals are mono- 
clinic; tho hydrated salt is perhaps dimorphous. 
H.F. [BaBr,2H OJ - 9,110. [Ba,BrS2IPOJ - 
179,070 (Th. 3, 2G6). Heated to 75°. 
BaBr 2 .H 2 0 remains, and at 100° BaBr 2 is 
obtained. Tho hydrate BaBr 2 .2H 2 0 is soluble 
in water. S. (0°) 98; (20°) 104; (40") 114; 
(60°) 123; (80 b ) 135; (100°) 149. It is also 
easily soluble in alcohol. S.G. 3’69 (Schiff, A. 
108, 21). BaBr 2 is completely decomposed by 


*17l(&opfe T. IW« T1V 

7,000 (2%. 8, 286). O.B. (oub. abt. 1«®-800°) 
•W00548 (Playfair a. Jonle, O. J. 1,121), 

# Formation.— 1. By the aotion of 01 on hot 
BaO (Weber, P. 112, 019).—2. By passing HCl 
over hot BaO; light is evolved as well aa heat: 
or by adding oonc. HClAq to BaO, boiling down, 
and drying at 100 8. By dissolving BaS in 
cono. HClAq, boiling down, and diying at 100®. 

Preparation.—1. Powdered witherite (BaCO,) 
is added little by little to'llUlAq ; tho solution 
is digested in absence of air with moro BaCO a 
(to remove iron, <fcc.), and is then poured off, 
evaporated to dryness, and tho residue heated to 
100 J for somo timo.—2. Two parts of finely 
powdered heavy spar (BaSOJ are heufod in a 
cruoible to redness with 1 part dry CaCL and 2 
parts iron tilings; the fused mass is digested 
for a short time with G-8 parts boiling water 
(by long digestion BaS0 4 and CaCl 3 arc re¬ 
formed), the liquid is filtered from FcS, CaS, and 
undocomposed BaS0 4 , made slightly acid by 
HClAq, and evaporated to dryness at 100°.— 
3. The solution of MnCI, which is obtained in 
making Cl from Mn0 2 is neutralised by BaCO, 
or CaCO, and evaporated to dryness; the residue 
is heated with heavy spar and coal; tho mass is 
lixiviated (MnS, FcS, and somo BaS 0 4 remain), 
tho liquid is treated with a littlo MnCl,Aa to 
decompose any BaS present, IIClAij is adaed/ 
and tho whole is e\’aporated to dryness (Kuhl- 
mann, C. Ii. 47, 403, 404, 074). 

Properties.— White salt, easily solublo in 
water, [BaCl-,Aq] = 2,070 (Th. 3, 200); slightly 
soluble in alcohol ( v. supra) ; solution has a 
bitter taBto and^im^j^gms. Melts at rod hoat 
and coolsopaque mass. 

Reactions. — 1. Heated in steam , HCl if 
evolved, And lesiduo has an alkaline reaction.— 
2. Partly oxidised by fusion with potassium 
chlorate , but unchanged by heating in dry 
oxygen (Schulze, J. pr. (2] 21, 407).—8. Com¬ 
pletely decomposed by fusion with silicates. 

Combinations. —1. Cone, solution of BaClg 
mixed with cone. BaOAq pps. thin transparent 
plates of BaCl r Ba0.5H.O (~ BnC10U.2H,0) 
(Bechmann, J. pr. (2j 2G, 388, 474).—2. Com¬ 
bines with water with production of heat, 
(BaCP,2II*0]« 7,000, to foroi tho hydrate 
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heating to redness in dry O (Schulze, J. pr. [2J j ]j u ci..2H,0. Thin hydrate crystallises in wliitd 
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21, 407). When cono. aqueous solutions of 
BaBr, and BaO are mixed so that the Balts arc 
present in the ratio BaBr,:BaO, crystals of 
BaBr 2 .Ba0.5H 2 0 (=* BaBrOII.211,0) separate 
out (Bechmann, J.pr. [2j 2G, 388 and 474). 

Barium bromide, hydrated, v . Barium, bro¬ 
mide of ; Preparation. 0 

Barium, chloride of. BaCl. r Mol. w. un¬ 
known, as compound has not been gasified, 
[abt. 800\CarncJleyJ. S.G. 3*75-3-89 (Schroder, 
P. 107, 113). S.H. (lf,o-47®) -0902 (Kopp, T. 
165, 71); (l4°-98*) -0890 (Kcgnault, A. Ch. [3J 
1, 129). S. (5°) 32-2 ; (30°) 38-2 ; (50°) 43 G; 
(80°) 52-4; (100°) 58*8 (Mulder; v. Michaelis’ 
Lehrbuch dcr Anorgan. Client. 3, 0)0). *S. (al¬ 
cohol 99 p.c.: 14*) *01; (alcohol at B.P.) -0G 
(Fresenius, A. 59, 127). H.F. [Ba.Cl 7 ] - 
194,740; [Ba.CP.Aq] -190,810 (Thomsen). The 
following data apply to the hydrato BaClj.2H 3 0; 


flat trimetric plates, which are not eOloresoont; 
they lose 2H,0 at 100°, but take it up again in 
moist air. A cono. solution is deenmposod to 
Ba.2NO : , and NaCl by healingtoMililR^'aNG,. 

Barium chloride, hydrated, it. Barium, 
chloride of; Combinations, N’o. 2. 

Barium, cyanide of. Ba(CN) 2 . Obtained 
by action of HCNAq on Ba0 2 II_. (v. Cyanide*). 

Barium, fluochloride of. BaFCl (v. Barium, 
fluoride of). 

Barium, fluoride of. BaF r Mol. w. un¬ 
known, as compound has not been gasified, 
[abt. 908°] (Carnelley, C. /. 33, 280). S.G. 
1-J 4-58 (Bodeker). 

Preparation.—1. By ppg. Ba2NO,Aq by 
NaFAq.—2. By the action of HFAq on BaOAq, 

! or on freshly ppd. BaCO,, and evaporating. Tho 
j former action is attended with the production of 
much heat; Guntz (^4. Ch. [0J 3, 5) give# 


8.G. 8-052 (Schiff, A. 108, 21). S.IL (18MG 5 ) j the values [BaOAq, 2HFAq] - 34,800 J 



atom inm b»t, h maoM 

by Action of gaseoai HP on solid 

Properties and Reactions —White, finely 
granular, crystals; scarcely soluble in water) 
but easily in lINO^Aq, HOlAq, and HFAq. Nor 
decomposed by boat alone. 

Combinations. —1. With BaCl 2 to form | 
BaF,.BaCI 2 ( ™ HttPCl); obtained by adding | 
NH»Aq to a solution of BaF, in HClAq ; also by 
fusing 1 part NaP with 6-8 parts BaCL, and | 
digesting with water t also by adding KPAq to 1 
BaC'LAq and evaporating. Forms white granular 
crystals, more soluble in water than BaF.,: 
partly decomposed, with loss of BaGl..., by loti/ • 
continued washing with wator.--2. With BP, u 
form BaF a .2B F,.2H a O ( « Ba(BF 4 ),.211,0); ob- j 
tained by acting on BaCO, with llBF,Aq, and 1 
evaporating; boric acid separates,and afterwards 
the double salt (v. i>okopj,cohii>bb under Bouon, I 
jrLUouiUK ok). 3. With SiF, to form BaF,.SiF 4 ; 
(*» llaHil'J; obtained by adding II,SiF 0 Ai] to a ’ 
solution of a Ha salt. White solid, very slightly i 
soluble in cold water 8. (17°) *03 - and only j 
slightly soluble in llClAq. 8.0. 4-28. Leaves j 
BaF, when heated; heated with Nil,Cl gives' 
rcsiduo of BhOI.j (Stolba, J. pr. 90, 22) (v. 1 
silicon, nouiOKs, under Silicon, fluouidk of). 

Barium, hydroxide of. BaOJI, (Caustic 
baryta). Mol. w. unknown, as compound 
has nut been gasified. 8.0. 4-195 (Filliol, 
i4.C/*.[31 21,11 5). 8.(0 ’) l*o,(5°) 1*75, (10°) 2*22, 
(15°) 2-89,(20 ') 318,(2.V) 1-19, (30>) 5*0,(85°) 0*17, 
40”) 7-30, p!5)9-l2, (50)11-76, (55 J ) 11-71, 
60") 18-70, (65”) 2107, (70”) 31-9, (75°) 50-86, 
'80°) 90-77 (Kosensthiel a. Kiihlnuinn, J. 
1870. 311). ll.F. [Ba, 0, II Ol - M0.500, value 
only approximu4w^*^¥PIK'* ll-O]«» 22,200 
\Th. 3, 200). •- • 

Formation.-1. By heating heavyjipar with 
carbon, dissolving BaS formed in not wator, 
filtering, adding CtiO or ZnO to dccomposo the 
BaS, filtering, evaporating to dryness, and 
heating to redness (Muller, J. pr. 82, 52; 
Stahlfichmidt, 1). P. J. 182, 30; Nicktos, W. J. 
1809. 271). 2. By heating Fo with 13a.2NO s to I 
redness, dissolving in water, filtering, evapo- • 
rating, and heating the residue.—3. By the 
action of stoam on BaCO. (Lenoir, IF. J. 18G7. i 
256). 

Preparation. -1. Water is added little by 
little to BaO (q. i>.); the prdfluct is heated to 
dull redness in a silver dish.—2. Aqueous 
solution of pure NaOII, 8.G. about 1-1 to 1-15, 
the quantiJjof NnOH in which is accurately 
known, is to boiliug, a quantity of 

powdered Ba2NO, is addotl equivalent to the 
NaOII used, the liquid is boiled for a little, if 
solution is not complete water is added, the hot 
liquid is filtered quickly and allowed to cool in a 
dosed vessel when crystals of BaO-jHj.BH .0 are 
deposited ; these crystals are separated, recrys- 
tallised from boiling water, and heated gradually 
to rodnesB in a silver dish (Mohr, Ar. PJu [2J 
88, 38). 

Properties and Reactions.—A. white powder, 
dissolving in water (r.supra) to form an alkaline, 
Caustic, liquid; melts at a full red heat and 
crystallises on cooling; not decomposed by heat 
*tr k U * ky heating in a stream of air BaO 
iIjO are produced. Aqueous solution is 
tt&rkedly alkaline, and neutralises acids with 


and NaOHAq (Th. 1, 882), Dot* not t 
Cl, except in presence of ILO; action ia then pro¬ 
bably OBaOAq + 601,» SBaOl^Aq + Ba(010 I ) r Aq 
(Weisuerg, B. 12, 846). Is not acted on try 
CO, (Scheiblor, B. 19,1973). 

Combinations.— With water with production 
of heat [Ba0'H-,8H-0]e= 27,470 (Th. 8, 266) to 
form orystals of BaO.^Hj.SH./) (Beckmann, J.pr. 
[2J 26, 388, and 474; Filhol found 7H a O, Noad 
and othors 9H,0). (For preparation of these 
crystals v. supra.) Those crystals lose 7H a O 
over H a SO, in vacuo , or by heating to 75°, and 
the eighth 11,0 at a red heat; they dissolve in 
about 3 parts boiling water, and 20 parts water 
at 15°. The solntion is attended with disap¬ 
pearance of heat [Ba0-H*.8H-0,Aq] =■ -15,207 
(Th. 3, 263). Crystals of BaO.^1,.11,0 melt at 
83°-85° (Veley, C. J. 49, 371). According to 
Bechmann (J. pr. [2] 2(5, 388 and 474) pure 
BaO is obtained by heating Ba0,H,.8H,0 in a 
stream of 0. 

Barium, iodide of. Bal,. Mol. w. un¬ 
known, ns compound has not been gasified. 
S.G. 4-92 (Filhol, A. Ch. [3] 21, 416). 
Il.F. [Ba,I\Aq] = 114,520 (Th. 3, 260). 

Formation and Preparation .—Similar to 
methods for BaBr 2 (q. v.): also by action of 
gaseous III on BaO. 

Properties and Rca<'tions.—A white, non- 
deliquosecnt, solid; easily soluble in water or 
alcohol; not decomposed by heat in absence of 
air, in presence of air BaO is formed and I 
evolved; wholly decomposed by heating in 0 
(Schulze, J. pr. [2] 21, 407); aqueous solution 
absorbs CO, from air. 

Combinations .—1. With water to form 
BnL.711,0 (Croft, J. pr. 68, 402; Thomsen, B. 
10, 1313; Werther, J. pr. 91, 331, says the 
crystals are Bal,.211,0). This hydrate forms 
needle-shaped crystals which deliquesce, with 
partial separation of I, in moist air, and melt 
on heating; heated in absence of air Bal s 
remains, one ILO is lost at 100°, 5H,0 at 
125° and tho seventh H,0 at 150°. Thom¬ 
sen gives those dnta [Ba, P, 711*0] = 161,370; 
[BaF.7IP0.Aq] = -6,850.-2. With baryta to 
form Ba0.BaL.5H,0( = BaIOH.211,0) (Beck¬ 
mann, J. pr. [2*] 26, 388 and 474)*; this salt 
crystallises from a mixture of cone, solutions of 
its constituents, in the ratio BaO:BaI 2 . 

Barium iodide, hydrated, v. Barium, zodxdb 
of, Combinations , No. 1. 

Barium, oxides of. Ba forms two oxides, 
BaO and BaO,; tho former is produced by the 
action of dry air, or 0, on Ba; BaO heated to 
about 450° combines with 0 and forms BaO* 
which is again reduced to BaO at a higher 
temperature, or by reducing the pressure at 
460°. Dry BaO, is stable, but the presence of 
water brings about slow decomposition to 
Ba0,H, + 0; Berthelot (A. Ch. [6] 14, 438; 
comp. C. R. 86, 880) gives these data [Ba0,0] «• 
- 6,060; [Ba0‘,H*0] - 2,760 (giving BaO,H, + 0). 
BaO is a strongly b&sio oxide; BaO, evolve* 
0 (or H,O x ) and forms tho same salts as BaO 
when acted on by acids. 

I. Barium monoxidx (Baryta) BaO. Mol. w. 
unknown as oompound has not been gasified. 
S.G. 4-85 (Playfair a. Joule, C. S. Mem. ft, 84) | 
S.G. crystals 5 722 (Brtigelmann, W. ft, 4fi| 
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»> 966; valnei approximate only, at Ba naad the import hydratod BaO, containing BaO 

«** “ot port).. (fsrthefot, A. Ch. [6] 6,907, eaya th« residue it 

Soheole disbngmahed baryta from lime in nforly BaOJdaOJ la rubbed in a mortar with 
1774; Oahn recogmsod tlie presence of this water, and added little by little to very dilute 
earth in heavy spar; Bergmann called the earth HClAtj, but not in quantity auflieient to non- 
terra ponderosa ; Kirwan gave the name baryta] J traliso the acid; the solution (winch contains 
Davy, in 1808, proved it to bo a metallic oxide. | Jt.0 2 ) is filtered, made slightly alkaline tte 
Formation. — 1. By the action of dry air on j addition of dilute BaOAq, whereby alumina and 
Ba.—2. By strongly heating BaCO„ best with ' iron oxide are ppd., the liquid is again filtered 


• uuu 8‘J mnuiig nammeisoerg i, . mirato must contain 11 ,U„, proved by the pro- 

542) Bays that on oxide with tho composition ! duction of a blue colour in ether when shaken 
Ba,0<(»2BaO.BaO.) is thus produced; Briigel- ! with ether after acidifying and adding dilute 
mann (IF. 2, 466 ; 4, 277) obtained hexagonal K : Cr,0,Aq); the pp. is washed with cold water, 
crystals of BaO by this method.—3. By strongly pressed between filter paper, and placed over 
heating BaCl z , or BaS0 4 , to white heat, in a H.SO, until all water is removed and BaO. 
current of steam. remains (Berthelot, A. Ch. [2] 6,207). Or,II 0,Aq 

Preparation. —1. Ey strongly heatingBa(IO,), is added to BaOAq, tho pp. of BaO,.8ILO is 
in a porcelain cruc^fe until all I is removed.— washed witli cold water, pressed between filter 
2. By heating dry Ba.2NO, in a capacious j paper, and honied in dry air free from CO, to 
porcolain vessel (best a retort), gradually raising i 100°-120° (Sohflno, 11 0, 1172). - 2. Bure BaO 
the temperature when tho salt melts, again : is heated to low redness in a stream of O (Brodie. 
raising the temperature to full redness when j T. 1850.775). 

the residue in tho vessel re-solidities; the j Properties.— A white powder, resembling 
heating must bo continued until all nitrate is i MgO; insoluble in, and combines with, water; 
decomposed, hut no longer, ns on long-continued I uicltsut full red heat with evolution tit (>. 
henting CO., is nl,sorbed; the portions in con- j Jimctitms.—l. Decomposed by heat to BaO 
tact with the porcelain tako up a iittlo SiO, and ' and O; at slightly reduced ptessmon (700 to 
AI-,O s . t 7.'i0 mm.) decomposition begins at about 450°; 

Properties. —A grey-white powder, very at ordinary prawn u at a higlier teiiiperatura 
poisonous; melts at white-heat; takes tip ll s o than this; if tho BaO produced is allowed to 
and CO, from the air; dissolve! in water to cool to 4r>()° in presence „f t) under reduced 
form a caustic alkaline solution (t>. Bamuu, pressure BaO, is .a-t rmed (Bousningault, A. Ch. 


HYDllOXIUE or). 


l' r 'J 19, .4114). 


(,'tykarl very slowly by 


Reactions.— 1. Reduced by heating with cold, quickl; by hot, water, forming BaO..IL ♦ 6 
potassium. —2. Decomposed to Ba + O by electro- [BaO', H^)J- 2,700 (giving Ba0..1T, + 0, Bor* 
lysis.— 3. Heated in chlorine, BaCl, and O nro thelot, A. Ch. [5] 14, 488).- 3. Cone, sulphuric 
formed.—4. Heated with sulphur, BaS and acid formsBaS0 o and evolves Oattcinpmiturss 
IiaS0 4 aro produced.—5. Heated in carhon above 60’-70°, but O mixed with ozone at 

disulphide vapour, the products aro BaS along lower temperatures (Ilouzoau, C. It. 40, JM0),_ 

with BuCOj.-- 6. Heated in phosphorus vapour , 4. Heated in dry carbonic anhydruie, UaCO, and 
in presence of II, barium phosphide BaP.. (q. v.) O are produced. 5. Heated with carbon inon • 
and BEjPjO. are formed (Pumas, A. Ch. [2J 32, oxide, or sulphurous anhydride, light and heat 
864).—7. Heated with arsenic vapour barium are produced, and BaCO„ or BaSO., is formed 
arsomte ( q.v . under Aesknitk 8) is said to be (Wfihlcr, A. 78, 125).-0. Acts as a powerful 
produced. oxidiser towards carbon, phosphorus, Xo., Ac, 

Combinations.— 1. Combines with water to (comp. Slater, J. pr. 65, 253; and Brodie, T, 
form BaO,H s (q. v.) with production of much 1862. 837).—7. Wife diluto acids forms salts of 
heat, and increase of volume: [BaO, HO] ~ Ba, and 11,0, or O. 

22,260; [BaO, tlH O] =49, 730 (Th. 3,266).— Combinations.— 1. With water, combines to 

2. With carbonic anhydride, to form BaCO, form BaO,.81i,0 (produced qlso by Motion of 
(dry BaO has no action on CO,; Scheibh r, IS. BaOAq on H,0,Aq ; v. Prc.pati*,mj* prismatic 
19, 1973); with sulphuric anhydride to form dimetric crystals, wlhch loso bfLO in vacuo, or 
BaS0 4 ; [BaO, CO 3 ] « 6%, 220; [BaO, KO*]« by heating in absence of CO* to 100°-120V 
110, 590 (Th. 3, 266).—3. Heated in air or Berthelot gives the formula BaO,.l 011,0 to th* 
oxygen to about 450°, forms BaO, (q. r.)f- hydrate (A. Ch. [5] 21, : 57); he also describe*. 
4. With me (hylic or ethylic alcohol, forms another hydrate with 7H/) (l.c. [5] 6, 207); h# 
Ba0.2CH,0 or Ba0.2C,H b O. gives the data [BaO*, loH 3 0] ~ 9,100 (U. [61 

II. Barium dioxide. BnO,. Mol. w. unknown. 14, 433).—2. With hydrogen peroxide, form* 
8.G. 4*96 (Playfair a. Joule, C. S. Mem. 3, 81). very unstable, monoclinic, crystals, B&OJBLO«l 


Discovered by Thenard (A. Ch. 8, 308). produced by adding excess of II,0,Aq to fia6A& 

Formation. —1. BaO, or a mixture of BaO,H, or by adding NH,Aq to the solution of a Ba ftajn 
and CaO or MgO, is heated in nearly dry air, mixed with H,0, (Schone, A. 192, 257). * 

or O, to dull redness in a glass or porcelain Barium, oxyinlphides of, v. Baxiom* 

tabe. Sulphides of; momosulpiiide, Reactions, 

Preparation.— A mixture of 4 parts finely Barium, phosphide of. Described as 

Murdered KCIO, and 1 part BaO is thrown grey mass, having the composition BaP»- 
Bttle by little into * poroelain crucible heated produced by passing H charged with P vapour 


produced by adding excess of H,0,Aq to 



Aoa BaHPO, (Duma*, A. Ok. 89,864). 

Barium, salt* of, Salta produced br 
replacing H of acids bj Ba ; they form one serin 
belonging to the form BaX, where X*Cl, &l, 
0, SO., CO., 

y* -y —; 2 Ac. As none of these salts has 

been gasified we do not know the molecular 
weight of any of them; the spec, heat of Ba is 
undetermined; the formula are, therefore, 
based on analogies between these salts and those 
of similar metals which form gasifiable com¬ 
pounds, especially Zn and Cd, and also on 
analogies between the salts of Ba and Ca, the 
atomic woight of the latter metal having been 
settled by tho spec, heat method. Barium forms 
salts with most, if not all, the acids; very few 
basio salts are known, and those which have 
been prepared aro generally salts of the weaker 
acids, c.g. boric, tungstic, molybdic, Ac. Tho 
haloid salts aro very stablo; the carbonate, 
nitrate, iodato, chlorate, Ac., are decomposed by 
heat ; Ba salts of tho oxyacids aro reduced by 
heating with C, H, or CS 2 . Most Ba salts are 
isomorphous with tho corresponding salts of Ca 
and Sr; many with the corresponding salts of 
Pb. A fow Ba salts aro soluble in water; tho 
greater number aro slightly soluble only, or 
insoluble (r. Bouatks, Camkjnatks, Phosphates, 
Sulphates, Ac., Ac.). 

Barium, selenide of. BaSo. Mol. w. 
unknown. Whito solid, changing in air, obtained 
by heating BnSoO, in H to dull redness (Fabre, 
C. II. 102, MOO). ' 

Barium, selenocyauide of. BaSeJCNU?). 
Prepared by Crookes (J. pr. 53,101). Data 
very meagre. 

Barium, sllicofluoride orBa^N^ v. Barium 
FM’oiuoe ok, Combinations, No. 3. 

Barium, sulphides and hydrostflphide (or 
•ulphydrate) of. Tlireo sulphides of Ba 
are known; a fourth probably exists in 
solution. Tho monosulphido BaS is obtained 
by heating BuO in a stream of I1.S; by 
heating BaS + 2S to 300°, the trisulphido BaS, is 
formed ; by boiling BaSAq with 38 and crystal- 
lising, BaS, may bo prepared; and if BaSAq is 
boiled with considerable excossof S the solution 
reacts as if it contained a pontasulphide BaS.. 
Only one hydrosulphido or sulphydrate, BaS,H„, 
is known. The sulphides anA the hydrosulphide 
•re fairly stable compounds; they are soluble in, 
partly decomposed by, water; they resemble 
the sulpliiilos of tlio alkali metals in their 
reactions, ■ , » *U l..Aq reacts with As.,S, to 
form I,arum, Ihio-arscntto Ba,As..S. (q. ,..). 
Sabatier (.1. cl,.) [fl] 22 , 1) gives tiro thermal 
m o : ~; [ ll( ’• 11 S] - 22,100; [BaS.O'] - 236,500; 
[BaS, AqU. 7,000. ’ 

I. Mom soai'innF. BaS. 

Mininif ioa.—i. jiao is heated in a stream of 
- , 2. BaSO, is reduced by heating in H or 

coal gas. 

Preparation.- 1. A stream of CO. is passed 
throimh CS, and tlien over red-hot BaCO,; CS, 
must tie in excess as BaS is decomposed by CO.: 
toe product is freed from higher sulphides by 
™ 11 (Sdrone, P. 112, 193).-2. 

heating BaO.IL.8fLO 
to 80» in 11) i, acted on by dry H.S; the 
prouuuta are BaS and 11,0 (Veley*, C. /. 


point in fte prep^on of manyB* eompoondrt 
in prepared by mixing 8 part* heavy apat with 
2 parts wood oharooal and X part rye moat, all 
in fine powder, making into a stiff pasta with 
water, rolling into small cylinders, drying, 
packing in a orucible in alternate layers with 
charcoal, and gradually beating to full redness 
(Liebig, A. 86,116; v, also Griineberg, J. pr. . 

d'pV xr'^rB 12 ' Ar ' Ph ' 86 ‘ 2761 Kuczin “r. 

Properties. —A white amorphous solid; soluble 
in water; exposed to sunlight and then placed in 
the dark, it gives off light; oxidised in moist 
air. 

Reactions—1. In moist air decomposes to 

BaCO, and BaS,0, with evolution of H,S._2. 

Heated in air is slowly oxidised.—3. Heated in 
steam, BaSO, is formed and H evolved (Lanth, 
C. C. 1803. 880).—4. Chlorine , bromine t and 
iodine, decompose BaS, forming BaX, 
(X -■ CI.Br, or I) and S.—5 jiluto acids form Ba 
salts and evolve Hfi.—tiTWater brings about 
partial decomposition into BaS,lL, BaO,H„ 
polysulphides and oxysulphides of Ba (v. Veley, 
C. J. 49, 3G9). The action of water on crude 
BaS has been examined in detail by H. Bose IP. 
65, 415). If hot water is added in quantity just 
sufficient for solution, the liquid gives a pp. of 
MnS, without evolution of H.S, on addition of 
an aqueous solution of a neutral manganous 
salt; tho solution, therefore, contains either 
BaS or hydroxide and hydrosulphide in the ratio 
BaO,II,:BaS,IL; 

(?BaO,H,Aq + BaSJLAq + 2MnCl,Aq - 
2MnS + L'BaCLAq * 211,0). If cold water is 
added to crude BaS in ah open vessel, in quantity 
rather less than sufficient for complete solution, 
and tho liquid is evaporated, BaO.Il, separates 
out, then various oxysulphides (v. infra), then,on 
evaporating the mother liquor in a retort, 
crystals of BaS.011,0 (v. infra, Combinations) 
separate, and finally on evaporating to dryness 
BaS,H, remains. 

Tho oxysulphides prepared as above de¬ 
scribed, or by cooling tho solution obtained by 
acting on crude BaS witli boiling water in a 
closed vessel, seem to be three : 

Ba, 0,8,. 5811,0[. 4(Ba0,H.,.9H,0).3(BaS.6H,0)l, 
lla,OS.10H,O [ - (Ba0,H,.8II,0)<BaS.H.,0)], and 
Ba,8,0.28H,0[ .. (Ba0,H,.9H,0).3(BaS!6II,0)]. 
The compositions of these bodies are, however, far 
from settled; the compounds are very unstable and 
are separated by recrystallisation into BaO a H 3 and 
BrtS.JI,. If successive quantities of cold water, 
each less than suflicient for complete solution, 
aro shaken with crude BaS in a closed vessel 
for some hours, the* first solution contains 
BgS-JIj along with a little of tho higher sul¬ 
phides of Ba (tho solution gives MnS and also 
HoS on rddition of MnCl.Aq); the next solution 
contains either BaS or BaO.ylL and BaS,H t in 
the ratio BaO-jH^BaS.,!!. (with MnCl 2 it gives 
MnS without evolving H.S); the following solu¬ 
tions contain BaO.JI 3 , as they give more and 
more MnO lL on addition of MnCl.Aq &nd less 
and less MnS. 

Combinations. — With water BaS forma 
BaS.GH.,0; prepared as above described, also 
by evajiorating in tamo a solution of BaS after 
addition of a little S (Schdne, P. 119,198) j of 
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•olabto in oold, easily in hoi, water; insoluble 
in alcohol; loses 6H.0 between 100° and 850* 
with partial decomposition. 

IL Tjubclpiiidk. BaS,. Prepared by heat- 
ing 2 parts BaS with 1 part S, and removing 
exoeBB of S by distilling it off at 300° (Schflue, 
P. 112, 193). Forms a yellowish-green mass, 
soluble in not water; heated to redness in 
absence of air gives BaS+ 28. A solution 
of BaS, in much boiling water evaporated 
in vacuo deposits (1) BaS.CH/) (v. supra), 
then (2) a mixture of BaS.H,0 (v. infra) 
and orange dichroio monocliuio prisms of 
8(BaS.6H/)).(BaS r IBO).GIBO (Schone, l.c.). 

III. Tetrasitlphidk. Known only in combi¬ 
nation with IT.,0 as BaS 4 .H 2 0. By evaporating a 
solution of BaS, in hot water in vacuo, or by 
evaporating BaSAq with 3S, trimetric, dichroio, 
needles 6eparato; yellow by transmitted, red by 
reflected, light; Soluble in water, may be re- 
crystallised from hot water; insoluble in alco¬ 
hol ; at 300° loso II/) with decomposition into 
H...S, S, and BaS, (Schone, l.c.). A more 
hydrated salt,probably Ba8,.2IBO, was obtained 
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I BA8B.—The characteristic reaction of so 
slid is that the whole, or a portion, of the hy* 
<ffogen of an Mid can be displaced by a metal, 
with production of a now body, called a salt, 
composed of the metal and the elements of the 
acid, excepting the displaced hydrogen (p. 
Acids). If the oxide of a metal reaots with an 
acid to form a salt, the hydrogen displaced from 
the aoid combines with tha oxygen of the oxido ' 
to form water; the products of the reaction are 
a salt and water. The salt is not characterised 
by the properties either of the acid, the metal, 
or the metallio oxide; it has been built upon 
the metal or metallio oxide by combining this 
with tho acid. The name base was given by 
Bouelle in 1744 to those bodies which reaoted 
with acids to form salts. Tho name has some¬ 
times been applied to metals, as well as to oxides 
and hydroxides of metals; at other times it has 
been confined to compounds of metuls with H 
and O ; at all times the conception underlying 
the name has been that of a substance which, 
while chemically very unliko an acid, reacts 
with acids to form salts. Tho dual origin of a 


by Veloy by dissolving S in BaS/I^Aq (C. J. j salt is implied in the statement that for its pro- 
49. 3781. .i . 


49, 378). 

IV. Pentasulpiiide. 


( duetion there is required tho interaction of an 
Ba^s- Not known in ; acid and a base. A definition of any one of 


definite form. BaSAq or BnS JI .Aq boiled with the terms, acid, base, salt, implies a definition 
excess of S, yields a yellow alkaline solution, ! of the other two. The chemical reaction oha- 
from which on cooling S and BaS,separate out; ! racteristie of bases, as tho term is now used, is 
the mother liquor contains Ba and H in ratio • the production of salts by the mutual reaction 
Ba:S„ on evaporation crystals of S separate j of a base and an acid; in some cases water is 
out, and BaS, remains in solution (Schone, l.c. j also formed, in other cases tho salt is the sols 


confirming older observations of Berzelius). 

V. JIvnuosuLrnrDK or Sulphydiiatk, BaS..H. ; . 

Formation. -- By action of II/) on BaS 
( v . Monosci.i'HIde; Reactions, No. 0). 

I’rcparation. —BaOAq (saturated at 100 ) is 
saturated with IBS at C0°-70°; tho liquid is 
decanted in absence of air, and is cooled to 
about 10°; the crystals of BaS.JB.4ILO which 
separate are dried between paper out of contact 
with air, and then heated in a stream of II 
(V. Veloy, C. J. 49, 309). 

Properties and Reaction*.— With 4II.0 forms 
white acicular crystals, which effloresce in air, 
and gradually absorb O, forming BaS/), and 
BaSO,; these crystals are soluble in water but 
insoluble) in alcohol; aqueous solution evolves 
H a S when boiled ; heated to redness out of con¬ 
tact with air, II,S is removed and BaS remains 
(for details, t>. Veloy, l.c.). BaS/I, is strongly 
basic in its reactions; t.g. with As.S, it forms 
Ba thio-arsenite. 

Barium, sulphocyanide of. BafSCN),. Ob¬ 
tained by decomposing M},.SCNAq by BaOAq 
(p. BULPUocvAxiLEs, under Cyanides). * 

Barium, thio-antimonate of. Ba,(Sb8,),. Ob¬ 
tained by the action of BaCl,Aq on Na,KbN,Aq 
(compare thio-antimonateb under Antimony, 
mho-acids op). 

Barium, thio-arsenite of. BaAs.S,. Obtained 
by digesting BaS.JijAq with As/s,* and Barium 
thio*ar»enates Ba/AsS,), and* Ba(A«S,) v , ob- ■ 
tained by the action of H 2 S on BaHAsO,Aq ! 

(p. TBXO-ABSENITES and THI0-AJJSENATE8 Under 

Abhemic, thio -acids or). 


product. Typical reactions are as follows 
K./)Aqj^gHA^Aq K 2 SO,Aq -i IJ.() 
BKOIiPp H .SO,Aq - K.,HO,Aq i 2IBO 
2Ml/q + H 2 SO,Aq (NH 4 ),H0 4 Aq. 

A base may then bo (i.) a metallic oxide, (if.) a 
metallic hydroxide or an allied compound such 
as NKt,.OJT, I‘Me ( .OII, 8Kt,.01J, Ac., (iii.) am¬ 
monia or a derivative thereof, c.g. NIBKt, NMe a , 
Ac. The terms strong and weak muy bo applied 
to bases with meanings similar to those given 
to the terms when applied to acids; a strong 
base, in this sense, is ono which, when it reacts 
in aqueous solution with another base and an 
acid—all being present in equivalent quantities, 
and all possible products being soluble in water 
— combines with* largo proportion of the acid 
and leaves only a small proportion for the other 
base to combine with. Thu hydroxides MOH, 
where M= an alkali metal or T1, are strong 
bases ; NH, is a weak base; ..IIijH* and NH/Me 
are stronger bases than NH,; NMo 4 OH and 
SKtjOII are nearly as strong bases aa tho 
alkalis (p. Appinity). By the term a strong 
base is sometime;* meant a baso which reacts 
with various acids to form very stable salts; 
t.g. salts which are not changed by water, hot 
or cold. In this meaning of tho term BaO,H, 
is a strong base, but BiO,II, or SnO,H, is • 
weak base. The oxides and hydroxides of poly* 
valent metals appear to be weaker bases than 
the corresponding compounds of the monova. 
lent mc-tals. The more positive a metal is, tho 
more basic are its oxides and hydroxides. 
Sometimes a metallio oxide, or hydrated oxide, 
may react towards strong acids as a base, and 
towards strong bases as an acidic oxide; that 


U. M. r. M. 
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_i with math KOHAq to form KjO-A^O, 
f m K,Al,O t ). In some cases the basic and acute 
sanctions of a compound may he nearly equ4; 
thus amido-acetic acid (? CII r NH r COOH) forms 
salts by its reactions with buses as other acids 
do, but it also combines with acids, as NH, 
does, to form salts. The hydroxides of certain 
metals which in some of their reactions behave 
as non-nu-tals reaqjt as bases towards most 
aoids, but if oxygen is added to these hydroxides 
compounds are formed which react as bases 
only towards the stronger acids and at tho same 
time react ns acids towards the stronger bases; 
such compounds are SnO.JL, and Sn0.0JI 2 , 
respectively, liases are sometimes divided into 
mono-acid, di-acid, tri-acid, Ac., according as 
one reacting weight interacts with one, two, threo, 
Ao., reacting weights, of a monobasic acid, to 
form a suit. Tho poly-acid bnsos aro weaker 
than the mono acid bases. As examples of 
mono-acid bases may be given KOII, NH a , Nll.Et, 
&c .; of di-acid bases, UaOJL,, BaOJI*, 55nO a H 2 , 
NH,CjH„ Ac.; of tri-acid bnsos, FcO„IIj, 
0,Hj(NII a ),0If, Ac.; of totra-acid bases, ZrO,H 4 , 
Ac. (couip. Acids and Salts). M. M. I\ M. 

BASES, ORGANIC, v. Alkaloids, Amines, 
Amides, Azineh, Pyhidink, Qoinolink, Ac. 

The nomenclature of bases containing carbon 
And nitrogen in one ring is as follows: 

Pyrrol Pyrazol Triazol 

OH-.CHv CII:N v N:CIK 

I >NII I >NH | >NII 
CH:Clr CH:CTK N:CIK 

Pyridine. Pyrazine (Kctinfd Pyrimidine 
HCXH.UII IIC:N Cl£ VllC:N.CII 

I 11 I li I II 

HU: N.CII IIC:N.CII •NXH.CII 

Isoquhwhim 
,CII:CU 

C 4 

VN : Oil 


Quinoline 

XIP.CII 

o.n,< 

\N : ( 


,CH:CU 
0.H/ I 
M3U:N 


Quina:i'Uiia Quinornlino Ciunnline 
XU:S .N:CI[ ,C[I:CH 

C.H./ | C.U/ | C.ll/ j 

'N : CH \N:C!I 'N : N 

Inda zinc 

,CITv • XIL 

c,ri 4 <Q ymi or c « h «Q h / n 

Phcnarine Qlyoxaline 

.NH-CH 

0»H ( < |>C a II 4 ' CllC 


^CII-N 


BASIC OXIDES. Oxides which roact with 
acids to produce salts. The greater number of tho 
metallic oxides are basic; oxides of well-marked 
non-metals nro ucver basic. Tho correlative 
term is acidic oxides (v. Eases, Acids, Salts). 

* M. m. 1\ M. 

BASICITY OF ACIDS v. Acids, basicity nr. 

BASILICUM. OIL OF. Tho essential oil oh- 
lalnod by distilling tho leaves of Oeymum bnsili- 
8Um with water contains C„,H u 3H s O which crys¬ 
tallises in prisms (Pumas a. Peligot, A. 14, 75). 

BASSIA LATXFOLIA. The seeds of this 
; Himalayan plant yield by pressure a buttery 


BASSORIN. The insoluble gam acid, jkq» 
hably raeta-arabic acid, or at least a met*- add 
allied thereto ( v . Arabin) of gummi baasom, 
G. Toritonense, or G. Kutera. These ffuzoa 
consist of a part (the meta- acid) that Bwella up 
to a jelly when they are treated with water, and 
of a soluble part, the alkaline or earthy salt of 
the aoid. 0. O’S. 

BASTOSE v . Cellulose. 

BASYLOUS. A name sometimes applied to 
the more positive, usually oxygen-containing, 
radicles, or groups of atoms, which combine 
with more negative, or chlorous, groups to form 
+ — + — + — 
salts; e.«. K 3 0.S0 3 , ILO-CrO*. Cr,0 3 .3S0„ & 0 . 
The name is sometimes also applied to the 
elements which displace H from acids with 
formation of salts. Tho correlative term if 
chlorous. M. M. P. M. 

BDELLIUM, A gum-resjn (Johnston, J. pr . 
20,145). 

BEBEERINE C 1# H 21 NO,. Bebirine. [180°]. 
Ocours, together with a resin (sepirin) and an 
acid (bebirio acid) in the hark of the bebeeru 
tree of Demerara (Rodie; Maclagan, A. 48, 106; 
Muclagan a. Tilley, P. M. 27,18G; v. Planta, A. 
77, 333). It is an amorphous powder, v. si. boI. 
water, y. e. sol. alcohol, v. sol. ether. —B',HjPtCl 4 : 
orango amorphous pp. Buxine has been con- 
sidered to bo identical with bebeerine (Walz, 
N. J. P. 14, 15). 

BEE’S WAX v . Wax. 

BEHENIC ACID C.JI^O,. Bcnic acid. 
[70°]. Occurs as glyceride in oil of ben and in 
| the fatty oil of black mustard seed. Needles, 

! resembling stearic acid. — NaA'. • BaA' a .— 
FbA' a .—EtA' [40°] (Voelcker; Slrecker, A. 64, 
34C). 

BEHEN0LIC ACID C*.H„O r Bmolic acid. 
[57‘5°J. Formed by tho action of alcoholic 
potash on di-bromo-behenic aoid (Haussknccht, 
A. 143, 41). White needles (from alcohol); ▼. 
sol. alcohol and ether, insol. water. Not re* 
duced by sodium-amalgam, but combines with 
' Hr., forming C,.lI 10 Br,O 2 [47°], and with Br 4 , 
forming C^H^lir/X [7*8°J. 

Halts.—Mg A' 2 3aq. -AgA\—BaA' r 

BELLAD0NNINE. An alkaloid occurring in 
the mothor-liquor from which sulphate of atro- 
pino (q. r.) 1ms been crystallised (lliibschmann, 
Schweiz. Z. Pharm. 1858, 128; Kraut, A. 148, 
236; B. 13, 165; Ladenburg a. Itouth, B. 17, 
152; Merling, B. 17, 381). Amorphous, v. si. 
sol. water, v. sol. alcohol, ether, nnd chloroform. 
It is but slightly attacked by boiling baryta* 
water, but is split up by alkalis into tropic acid 
anj) oxy-tropine CiM^NO*. This would indi¬ 
cate that bclladonnino isoxy-atropineC„H u N0 4 
(L.). According to Merling, belladonniue is 
Opir.jNOj and gives tropine, atropic acid, and 
i^o-atropic acid when boilod with baryta-water. 
Salts: B'. i H,TtCl r -B'HAuCl.. 

BEN, OIL OF. A fatty oil expressed from 
the fruits ot Morittga nux behen. It contains 
glyceryl palmitate, stearate, oleate, and behenafcf* 
(r. Bkmenic acid). 

BENIC ACID v . Behenic acid. 

BENYLENE C„H a (223°-228 c ’{. &G. Mlt 
Formed by the action of alcoholic potash 



. ,-OmHbS. 0. [150°]. A neutral 

wntMlint eubstance obtained by extracting 
with alcohol the product of the notion of ZnEf. 
Mt phenyl-acetonitrile (Frankland a. Tompkins’ 
v* 37, 560). 

BENZAL-1». Benzylidenk-. 

BENZALDEHYDE t’. Benzoic aldeiitdr. 

BENZALDOXIM C.H..CIl:N.OJI. Oxim of 
benzoic aldehyde, (c. 220° with decomposition). 
Colourless oil, formed by the action of hydro*vi- 
ftraine on benzoic aldehyde (I'etraczek, 13. is, 
2785). Formed also by reducing benzamidoxim 
with sodium-amalgam (Tiemann a. Kriigor, B. 
17,1CD2). By heating with liCl it is split up 
into hydroxylnmino and benzaldehyde. Ao.O ! 
converts it into ben zomt rile (Lach, B. 17,157i). 

Sodium salt C.H„:N(ON a )aq : white easily 
soluble plates, formed by the action of sodium 
ethylate on ben/.aldoxim in alcoholic solution ; 
gives characteristic nps. with the salts of the 
heavy metals. 

Hydrochloride C t H # :N(OII),HC 1 : white 
glistening scales, rotates on water. 

Methyl ether C.H ft :N(OMe): (191* un . 
corr.); colourless oil, lighter than wator and 
slightly soluble; formed by the action of methyl j 
iodide and sodium ethylate on benzaldoxim; 
by IICl it is split up into bcnzaldehydo and 
methyl-hydroxylamine. 

Ethyl ether C,lI„:X(OEt): (208” uucorr.); 
colourless oil, split up by HC1 into ethyl- 
hydroxyl'imino and bcnzuldehyde. 

Propyl ether C,iI,:N(OC,Ii,): (225° un- 
ccrr.), colourless oil. 

Iso-butyl ether C,H,:N (00,11,): (288° 
unnorr.), colourless oil. 

Amyl ether C ; n,:N(OC,H„): (101° un- 
corr.l, colourless oil (Pctraczek, B. 16, 823). 

BENZAMIDE C.II,NO i.e. C,H v CC).NH r 
Amide of benzoic acid. Mol. w. 121. [130”) 
(Ciamiciau a. Magnaghi, B. 18,1828). N.0.11-31 
(Schroder, 13. 12,1G12). 

formation.—1. Prom BzCl and Nil,,—2. 
Together with NII.OBz, by tho action of Bz,0 
on Nil,.—3. From EtOBz and Nil,.-4. By i 
boiling hippuric acid with water and FbO„or by : i 
heating hippuric acid in a current of dry HOI. j , 

Properties. —Monoclinic tables: o-ft-c- i 

•228:1:1008; 22' (Klein, A. 100, 184); i ' 

IT. 111. sol. cold water, m. sol. hot water, especially i 
if it oontain NH,; v. sol. alcohol and ether. | , 

Reactions.— 1. It splits up into water and I 
benzonitrilewhen heated with dehydrating agents \ l 
(P,0,, P,S„ or H SO,) and to some cxisnt when ! 
heated alone at 280”.— 2 . Boiling aqucuusp'dnxh i 
forms KOBz. 3. Boiling acids form benzoic 1 . 
acid.—4. BzCl or Bz,0 torn benzonilrile and 
benzoic acid.-6. Itcduced in acid solution bv I 
sodium-amalgam to benzyl alcohol.—,C. Boiling s 
phenol gives benzoyl-phenol (PhOBz) and Nit,. 

7. PCI, forms an unstable subztunco which a 
rapidly splits up into lid and benzonilrile : ( 
(Wallach, A. 184, 18).—3. COCI, gives beuzo- b 




10. With chloral it combines forming CJI„Cl,NO 
,DOT (Wallach, B. 5, 251). -11. With ethyl 
*fbiU it forma N,, benzoic ether, and lf,0 


m ^.. wwwn - IHW Mill 

(Holmaim, B. 18, 3787).—IS. A solution < 
fenzamide in bromine deposits orystaU* e 
^nstablo BzNH.Br r . 

Combinations. -BZNH.HC1 : long prisai 
i , s * tu ™ting a mixture of bonzamid. 

and HClAq with IICl (Dosaaignea, A. Ch. 18 
| 34, 146; Pinner a. Klein, li. 10, 1 897). Whet 

> j to the air »t K'vca off all its H01,- 

- [m °- <E; v- W 

, j Sa“l ts.-(BzNII),Hg [224”j. Formed by 
1 , tolling henzamido with water ami HgO. Lamina 
' ! , v‘,‘, » lc “‘j o1 ) 1 v. sol. alcohol ami ether.— 

> | BzMlll ^ slomicr noodles (Church a. Crookoi, 

. , Additional Refcrencu.-Uobia a. Wohler. 
' \ A. 28, 48; Schwarz, A, 

1 i 7*>, Ido; Laurent, Revue Scient. 1G, 391; 

I Henry, [2] 5, 44G; Brauns, Ar. Ph. [2] 

' 120, 211; Opponboim a. Czariuunsky, J 9. 
?• 1392; Guarosohi, O. 4, 405; A. 171, 141; 
Kckulti, B. 6, 113; SohifT a. Tassinari, B. 
10, 1785; Fried burg, A. 158, 2(5. 

Bcnz-chloro.amide G.I^.CO.NHCl. Pre- 
! Pared by gradually adding a cono. solution of 
ehlorido of limo to a oold cone, solution oA 
btnzamido acidified with AcOll, tbo produol 
being shaken out by ether as it is formed. Long 
19 prisms ( from water) (Bender, B. 

’pibenzamide C.^NO, i.e. NUBz, [148°1. 
8. 12 at 15°. Formed, together with henzamido. 
by tho action of KN1L, on BzCl dissolved in 
ctlier (Baumort a. Landolt, A. Ill, 1 ); and 
from bonzofiitnh^lOg.) and fuming ILSO. (7g.l 
(Barth n.Jfrimir, B. 9, 975; Gumpert, J. pr. 
12j 30, “). Trimcirio crystals, a:b:cm 
*931:1:1-069. SI. sol. boiling water, v. sol. alcohol, 
ether, and benzene. 

Salts. NaNBzj,Ja«j: Bmall prisms, sol. 

! other. AgNBz.. 

BENZAMIDINE Cyll.N,^. Cjr i .C(NII).NH # 

[75 a -H0 J J. 

Preparation .—Benzonitrilo is converted by 
treatment with isobutyl alcohol ami IICl into 
tiic hydrochloride of C„H,.C(NH).OC,ll„ whonw 
ammonia produces benzamidino (Fiunor a. Klein, 
j B. 10, 1880; II, 4). 

i I’i'Oi’rriic.i. y, sol. water, si. sol. olhor, T. *, 
sol. alcohol; delipieBeent; very volatile. De¬ 
composed by heat into NH, an<l cyaphenine. 

Salts.—B'HCl: flat needles.-Byi,PtCL_ 

AgC H.N ? . 

BENZAMID0- v$ Benzoyi-AmbO’. 
BENZAMIDO-ACEHC ACID v. HirrwtM 

ACin. 

BENZ - AMIDO’IIM C H.N s O i.e. 
I»liC(NlI,).NOJJ. ! lemenyl-osamuline. Ben± 

zen yl-am itlttri in. /.. on Un mo - bcmylami ne. [80®]. ? 

Formation.- J. By the action of hydroxyl* 
QDiine on an alcoholic solution of benzonitrilo 
(Tiemann, 13. 17, 128;. -2. By the action of 
hydroxylamine on tho hydrochloride of bens* .. 
amidine.—3. As a by-product in the aotion of 
hydroxyluinine hydrochloride u|kih benzimido- 
i.'tJjyl-ether.—4. By digesting tbio-bcnzainid# K 
with an alcoholic solution of hydroxylamine 
(rbuiann, B. 19, 1GG8). Long flat monosynt* 
imlncal prisms a:b:c 2 o02;l;1077. VulatiJifM 



miteompoti. V. «ol. alcohol, ether, benzene, 
mi hot water, iL sol cold water. It it poi- 
tOBoat. It dissolves both in aeids and alkalis. 
F«,cn. gives a red colouration. The ammo/ 
niaoal solution gives white crystalline pps. witl* 
BaCl,, AgNO„ Fb(OAc)„ and ZnSO,. The silver 
PP- on heating in the solution in which it is 
formed gives a splendid silver mirror. 

lteactions. - 1. Gives the carbamine reac¬ 
tion with chloroform and alcoholic potash.— 
S. Nitrous acul form* bcnznmido.—3. Sodium 
amalgam reduces it to bonv.aldoxim and NH, 
(Ticmann a. Niigeli, B. 18, 1086).—4. When 
quickly heated at 170° it splits up into benzo- 
nitrile and SIT,.--6. By heating with acetic 
anhydride, it yields benzenyl-azoxim-othenyl 

c.n,.c< t i! ) >c.cu J . 

Halts. A'Na: white crystalline solid, de- 
Ooniposud by water. -A’K: crystals. A’Ag: 
unstable wliito crystalline pp. A'(CuOU) • 
amorphous dark green pp. -A'l 1,1101: large Hat 
plates or concentric needles. -A'll.lt.SO, • lar"o 
prisms— (A'il) J II.Bt) | ; amorphous solid. 

Methyl ether. - A'.Mo : [57°); (330° un- 
corr.); prisms ; v. sol. alcohol, other, and benz- 
eno, si. sol. water. By 1(01 and Na.NO, it is 
“"“lit, benzenyl - methoxim ch'lorido 

. 'the.r.-A'V.l-. [(17°J; trimclric 

plates. By dilute 1I.SO, and sodium nitrite 
it is converted into brn/.liydroximic . ethyl - 
etnur (hen.oyt . hydroxy Lunina ethyl ether) 
C.ll..(.(OIDNOHt. With HC!I and NaNO, it 
yields hen/.enyl-etliuxilii-ehloride. 

JUncyl ether. ATFII,; [;U"]; scales. 
Benzoyl de.rivative. 

0,11 <:(Nll,):NOBz: tHW*l t»IHk>r white 

needles; V. sol, alcohol, ether, aim aqueous 
acids, msoi. water. On heating it readily splits 
off 11,0, giving risn to bmizonyl-uzoxim-benzenyl 

c,n 1 .o < N N 0 >c.c,u ;i . 

fOAvl'o'-' 0„II„C(Xl!.):NOAc. 

[00 J thin plutes or flat prisms, sol. ulcohot, 

Bl. sol. ether, V. Hi. sol. wutor. By boiling 
with Wliter It loses I l.o and is converted into 
bonzenyl-nzoxiin-etlunvl. 

But y ry l it eni'<i five 

°.H .l-lMl.h.N’O.Cu.C.H, [!)!»]: fi nP needles. 

[16« J. White plates. Sol. alcohol, 'ctiier 
ben/.one, and ligrmn, msol. water, l-'ormed by 
heating an alcoholic solution of benz-amidoxim 
^ nmis.) aml«-»mi ethylate (2 inols.) with 
ethylene bromide (1 mol.). • ' 

Compound with chloral 0„H,N.C1,0,. [135^1. 
Obtained by mixing the constituents. White 
El 11 1 ’ ow ,' l ’ r - V - *° l "ls»hol and cthor, 
I"*® 1 ’. ".|'. Ur - treatment with H.SO, or by 
long boiling with water it is resolved into its 
components (balck, li ly, Hh 5 ). 

iiV/.urmvx-Pinner, It. 17, 184 ; Ticmann 
li lu l t -o'',J'.i o; 1S - 1033; Tiemann, 

£ };■ 1Gl f : ? ollu,z ’ n - 1H . WHO} Falok, 

19, 1484 (t\ also Azoxims). 

Benz-amidoxim.carbonic ether 

MBon U 'i 1 ( 1;):N M ) ' C ?' E ‘-- For ™^ by the 

act on of chloroformtc ether upon benz- 
; jumdoxim (Falok, B. 18 , 21.57). Long glimen 
H needles. V. sol. alcohol, ctU and 


bynwe. lw a te ll gtola. On } lading ft nllu 
off alcohol, forming benxenyl-azoxim-carbiQoi 

°..H.AN„ U 
C*h‘.C(NH.J:NO> CO * f 129 °3* Formed by the 
action of carbonyl chloride upon benzaraidoxim 
dissolved m benzene (Falck, B. 18, 2470). 
White plates. Sol. alcohol and ether, v. si. sol 
benzene, insol. water. 

BENZ-AMIDOXIM-m-CABBOXYLIC ACID 

Ce. [3:1] C.H,(CO,H).C(NOH)NH,. 
(2ttl) ] Crystalline solid. Sol. hot water anS 
alcohol, si. sol. ether, nearly insol. ohloroform 
and benzene. 

Formition. —1. By saponification of the 
ethyl ether which is obtained by combination of 
m-cyano benzoio cthor with liydroxylamine.— 
A By digesting a mixture of equivalent quan¬ 
tities of m-cyano-benzoie acid, liydroxylamine 
hydrochlondo, and sodium«*arbonate, in diluto 
alcoholic solution for 12 hours at SO 3 -100°. 

lleartiom. — The aqueous solution of the 
, 1 B * ves s P» ri "K | y pps. with CuSO,, 
Ih(OAe) AgNO,, and ZnSO,. Heated witii 
acetic anhydride it is converted into wi-carboxy- 
binzenyl-azoxim-ethenyl 

c,h,(coji).c<# n n 0 ^,c.ch,. 

Ethyl ether A'Kt [118°]; needles; v.sol. 
alcohol, si. sol. water (Miiller, B. 19, ll'j.j). 

Benz-amidoxim-^-caiboxylic acid 
Bl] C..U,(C0,I1).C(N0U).N11. [above 330°]. 

1 mined by digesting p-cyanobtmzoio acid (1 
mol.) hydroxylanunc hydrochloride (1 mol.) and 
i ^'-I'ouato (1 mol.) in dilute alcoholio 

I 1,0 utl0 *J ,or 18 ‘U“ra. Hoi. dilute alcohol, si 
j sul l ' vu,, r > "Wly, jusol. absul. alcohol, ether, 
ami benzene. A dilute aqueous solution of the 

1 1 “ ■ K ‘ v ® a PI ,S - "‘‘li CuSO, and with 

I A;,N (),. By boiling with acetic anhydride it is con- 

Muted into p-carboxy-bcnzenyl-azoxim-ethenyl 


19, 


C.U,(C0JI).C^ N ^C.CIX, (Muller, B 

11!H). 

ct ’ le , r A'Et.-CW]; obtained by 
1 f 16 ctllor of P*cyanobonzoic acid 

| with hydroxylumme in alcoholic solution (.Mul- 
• cr, /. 18, 2185). Colourless crystals; sol. 
j boiling wator. J 

. BENZAM-MALONIC ACID r. Cardoxt- 

PIIKNYL-MAI.oxaauo acid. 

BENZAM-OXAUC ACID v. Carboxy-piiexyl- 

OXAMIO ACID. 

BENZAM-SEBACIC ACID v. Cahboxy-phexyl- 

BEBACAMlC ACID. 

BENZAM-SUCCINIcr ACID v . Carboxi- 

PHHNYI.-8UCCINAAHC ACID. 

BENZ-ANHYDRO- ti. Benzexyl- or as deri¬ 
vatives of'Bcnzaiuidine. 

BENZARSEN- v. Arsenic, organic deriva¬ 
tives or. 

BENZARSENIC ACID v. Arsenic, ohoanxo 
derivatives «r. 

BENZ-BROMO-QUINOLINE v. (Z?.)-Broxo- 

quinoune. 

BEa Z-CHLORO-AXIDE r. Ben^uide. 
BhNZ-CHLORO-QDIHOLIHE v , (B.)-ChXiOM* 

QUINOLINE. 





tolfuSiM 8, ^ Narrow laminm (con. 
Jroing H-m), ,1 . ioj. water and alcohol. Do- 
b l h*?'*, in, ° urea »n«l methyl. 
amidoWoxoaotd.-li’ncia.i. -B'-iPPtCUao. 
®* M 'W'****thyl-glycocyamine 

£ j (!iH !“?' C ' H ‘ Clia *’"»» ' ethoxy. 
mr « da ’, 1 ‘ lJu ' bc ' uo ‘ c a ™ 1 ' * ai cold cone. 
NMoH, solution. Lamina', v. si. sol. cold water. 
Dolling baryta forms nuthvlurca and aiuido- 
henMic acid. -BTICl.-B'.U l’lCI. 2a,i I 

benzcheatinine • ' * 1 

o-Beni-(o)-methyl-glycocyamidin« C.H.N.O 
. „„ „/- N \cif l )-c.u 1 

1 \ NK _^ • P,e l )areJ >’>■ ‘1« 

r?* 1 ?? c |f,?? cI ,°,m ?- ben *K>yeocyainidin« (Griegs, ! 

, 1 J78 k wh itc needles. Sol. alcohol, si. 1 
sol. other and hot water. Insol. caustic alkalis, 
(BllClfe eolnblo plates.: 

o-B«m-(B).m8thyl-glycocyamidtn8 

C.H.S,Oi.e. IIXo C / NU . 

D J t. , . N N(CH,)-CO 

rrepared by the action of mnthylainiuo on 
ethoxy . cyan-amido - benzoyl ' (C, U, N.O! 

(Griesa, B. 13, **7H). White needles. * Sol. i 
caustic alkalis. Weak base. 

S u 11 b. BI1M: small fables or prisms ' 

ted) 

w wm o IDINE t’. Jil XZOVI. CTANIDli. I 1 
BENJEINS. Theso bodies, which much re. * I 
acmblothe phthalems.arc liydroivlated aromuli,; , 
carbmois, such ns di-oxy-triphenyl carbimd I 
C H..UC.H , 0II)..(()H). Prepared by heating I 
phenols with benz.,trichloride. The compound I 
from resorcin is yellow, those from crus,.Is i 
pyrocntechin, hydro,luinone, orcin, and (/)).’ c 
imphthol arc yellow or yellowish-red, livroeullol r 
tt'ves a blue, and (a).nuphtbol a green dye. o u v 
reduction they gite the eomzponding deriva- 6 
tnea of nicthanu (Uoebucr, It. Id, Oil ); A. 217 it 
227). ’ u 

BENZENE C.H.. Mol. w. 78. (C°). (gO-P) 1 ri 
(B. Schiff, A. 220, 81). S.G. I” •oJa# (s.) ■ ft 
"■8788 (Briilil). V.D. 2 71 {calc. 2-70) is.)' u 
S.H. ‘8834+ '00104.11 at t° (It. Schilf A 211 ,, 

: P ' 770 ' 00 '> (Bcrthclot, A. Cl,', 

gj 2d, 1J3); 778,0.10 (Stolilimnn, liodatz a I) 
Bcrzborg, J. pr. [2) 3d, 25s); . T: 

788,8.01) at 18= (77i.); 787,188 (S. It a. H.) to 
H.Kp. (asvapour) -12,510 (Thomsen, 7Vr. 4, til) 

“•f- v -~ d3, '; 7( ; C-K. (14-2 to 801) Ollldii 
(S.). 8.V. J.y.n (S.); 8o-8 (Jtamsay, C. J. 85* tr 
*ii). ft, 1-5131 (B.); ! 1 „ 1-6002 at 14“ (Xcgrcano so 
C.B. 104, 423); 1-5050 (Gladstone. C.^ m J, ; ae 

Jj/b fcSwiV 8 /* : 44- °! < Ka " on^i| '" ^,, . j- !> r ■' iis 
13J 31, 952). Dielectric coils twit'2'2*3 2 at 14°(N.i. (C» 

Fornw.hon.~- 1. By heating benzoic acid with m 

oS° a h ' 9 - 33 I I'digot, A, 8, 48, a 

257 ; 11, 277 ; 12, 38), or by passing the vapour hy 

m', °™ r I) rc,J : h0 ‘ *«*• (Parcel, A. < sp, 
f5k C ?L^ 6 W 9 f 9, ' r “' Bjr . h ™ tln « Phthalic acid thi 
(Mangnac, A. 42, 217). - 3. By dry six 
distillation of guinio acid (Wohler, A. 61,14fi)._ ; c. 
You X. i 


I «.jBy p*««toj eft of hargaatot «« lodJiot 

SnhiCii" 1 * 1 i *^* ® 18 )—*• Together with 
naphthalene, styrene, retene, *)., by heatiui 
acetylene to a rod heat (Berthelot, A. Ok. [ 4 ] 9 , 
m. j 46.1). Benzene is among the produota obtained 
, 0 ? passing tolneno, ivlcue, * euiuene, or styrene 
y- through a red-hot tubo.-fi. Metallio suooinatea 
KJ. give nil dry distillation a liquid (hydroquinoria 
dihydride ;*) which yields benzene wium distilled 
iy- , wiln zinc.dust (v, Kiel,I,w. J. rr. [ 2 ] 20 , 200),— 
ic. 7. From benzene siilphonic acid by passim 
rr. Bteam through its solution in diluted lt.NO, at 
I ,, r ( Aruislru 'ig a. Miller, (,’. .1. 45 , I Its). —t*. 

I From phenol (70 g.) by dislilliug with l’,S,. 

_ I File yield is small (IC, g.) : KO 11 OH* l's 

,0 ■ { a.\]ZL.'a'. 

I ■ ■ rho liomologiiea of Isinzeno when 

re treated at their boiling-points with n current of 
! . iytas ■» presence of Al.Ol.eiolvo McCI and 
s, I yield lower hmnologues, but at tlm same time 
d. part of the McFl attacks other (Kii lioos of the 
s. hydrocarbon with production of higher homo- 
s. : logues. Urns if lid is passed into boiling in. 
xylene containing AI,CI,„ benzene, toluene, 
I'seiidocumeiie, mesitvlone, and duremi are 
obtained (Jacobsen, II. 18, 838; Anschiltz a. 
Imnieudorif, 18, C,57). -10, Iteiize-ue is pro* 
dnccil when benzyiidiiiio clilorid", PlidllOl,, or 
n benzotrichloride, PliOCl, is heated will, BO da- 
.) nmc (lampriclit, A. 138, 303)—II, From diazo- 
'■ benzene uiirute or sulplmto by Inciting with 
iilcolnd or alcoholic KOII. 

'' : . P'e ; «im(nm.— 1 . Coal tar is distilled and the 
f fraelmn boiling ixdow 150* is freed from 
, jmenols by shaking with MaOliAq and from 
! : a ‘ !,;s l>y Shaking with IPSO,, u is then rocti- 
• bed. It is convenient to keep the utill-liuiu) 

: at 100 : 6 ) 1 , ,V m tlien condensed while 
I benzene pa .am over (Faraday, T. is 2 5 440 ■ 

I Hofmann 0 , Mansliei.l, (I. J. 1,211). On tile 
I.,),;e scale the distillation is performed in an 
, 1.011 boiler, to which is attached a tall vertical 
column divided into coui|mrtmenls; the lire is 
1 e ;t,luted so that (»nre benzene passes over, 
while its immolognes condemie mid run back to- 
tiic boiler. Jieu/ffiK* in cumjib-lely frooil from 
its homologiies |,y cooling with i'ee and salt. 

I wi,un . 11 sulnliiies and tho Immolognes wliioli 
remain fluid may bo pressed oul. It is freed 
from tliiopiiene by simkiiig with cone, JF.NO 
2. A mixture of licimoie ncid (I pt.) and slaked 
hmc (.) pis.) is distilled from an iron tube: tho 
pindiict is shaken with KOIlAq, distill,,1 with 
steam, dried with CaCi 2 and Na and rootilled. 
Ihplieiiyl and lieiizo],lu>iioini ere by-products 
Tho benzoic It id used must not be prepared from 
tul'lelie, otherwise it will contain tiliophenic 
aoid, and tin* boiizam; will contain tltiojiiintio, 
Properties. -Cnluurlcua, mobile, hIjoiikIv n>- 
iractii» B Jifjuid. Vf .atilo with Bteam. .Scarcely 
Koluble m water, v. c. koI. alcohol, ether, glacial 
acetic acid, acetone, and chloroform. Crystal* 

lilies in trimetric pyramids, ;1:‘77D 

(Oroth, /. ;2j fi, 555). It dissolves S, V, 1, 
resins, oils, and many alkaloids. It bums with 
a luminous flame; Jj.;. burnt with excess of 
hydrogen giving out a light equal to CrHu. of 
spermaceti. When burnt with CO, and CH„ 
the light equals that of <i l g. f and 7 8 g., 0 f 
spermaceti respectively (Frankland a. Thomo, 

C. J. 33, 03). There are four bands in the 

GO 





'P»«i ?< /.'■». ie»; it, 094). 

wwoti.—Brnaw ii converted by fuming 
HNO,into nitre-benzene; this is washed with 
water and rednoed by tin and HC1 to aniline; 
eanstic soda is added and the aniline oxtracfed 
with ether; the ether is evaporated and too 
aniline dissolved in much water; the aqueous 
solution gives a violet colour with bleaching- 
powder. A mixture of IINO, and H NO, forms 
di-nitro-benzcno, which, after crystallising from 
dilute alcohol, melts at 89 °. 

Detection of Thiophene in Demme. —Thio¬ 
phene, which is usually present in smnll quanti¬ 
ties in commercial benzene, is indicated by the 
blue colour produced by shaking with none. 
H.,80, and isatin (V. Meyer, D. 10,1405; Baeyer. 
B. 12, 18011), 

Impuritiee .—Crudo benzene may contain 
traces of toluene, xylene, thiophene, CS„ amyl- 
eno, crotonylcne, alcohol, and acetonitrile. 

Reactions. -1. Benzene when passed through 
a red-hot tuhe forms hydrogen, a little acetylene, 
diphenyl, benzerythrene 0,,]I,„ p-di-phenyl- 
benzenc, iso-di-phenyl-benzcno, and triphenyl, 
ene (llcrthelot, ltl. [2] 0, 272, 279 ; O. Nchultz, 
A. 174 , 201; H, Schmidt a. O. Schultz, d. 20.'!, 
118). -2. A mixture of benzene vapour and 
dlu/lenc passed through a red-hot tube gives ' 
diphenyl and smnll quantities of anthracene, , 
styrene, and phennnthrcnc (liertholot, HI. 121 
7, 11.!, 274 ; l'erko, Ii. 20, 000). -3. A mixture 
o( equivalents of benzene and toluene dropped 
at the rale of SO g. por hour from a tap funnel 
into the turned-up cinl of an iron tuhe kept nt 
low rod heat is converted, to the extent of about 
10 per cent., into gases, naphthalene, diphenyl, 
ji-tolyl-di phenyl, o-p-di-tSij., S) and (5) di¬ 
phony lene-mc thane, phenanthrene-, anthracuno, 
ii-di-plienyl-henzcne, a hydrocarbon 0_H_, a 
hydrocarbon [18°] (203° .310°) anil two liquid 
hydrocarbons (35U°-383°) and (401°-427°) (Car- i 
nelley, (’. J. 37, 701). —4. Induction, sparks \ 
passing through liquid benzeno produce a gas I 
that contains 42 pc. acetylene and 57 p.o. ' 
hydrogen (I'estrem, HI. |2) 42, 207).-5. Alii- 
minium chloride (v. p. 117) acting upon a mixture : 
of bonzene and an alkyl chloride causes J101 to 1 
esoapo with the resulting formation of an alkyl- ' 
benzene (IVicdel a. Crafts, C. It. 84, 1302 1450 - , 
88, 74; A. (.'/. [«) 1, 440). (a) Thus 'methyl 
clWorn/i' pas id into a mixture of bonzene and 
A1,C1, gives toluene, o-, m-, and p-xylone, if- 
outnene, mesitylone, durene, isodurene, penta- 
methyMicnzene. and hoxa-methyl-benzcne (Ador 
12, 829: ^nobson, J3. 14, 2024). 

'. ., Is oonv °rted by benzene in presence 
of AI.C1. into CPhCt,.CIf(OH)Cl, the hydro- 
chloride of M-di-chloro-phenyl-ncetio aldohyde 
(Combos, C. R. 98, 1178; Dl. [2] 41, 382). - 
<f) Methylene chlorite in presence of Al,Cl 
«tves ih-phenyl-mcthane, anthracene, and tolu‘ i 
«no (biiedel a. Crafts, J3f. [2] 41, 322). (dl 1 
Chloropicrin, Al,Cl„ and benzeno form CHPh, i 
and Pli.COH (Elba, B. 18, 1274). (,) Allot I 

chloride, AljCl,, and benzeno give di-phenyl- 1 1 
prepane and n-propyl-benzeno (Wispok a. Zuber, I t 
A. 218, 874). (/) Vmyl bromide, ALC1,, and ! 1 
benzene give ethyl-benzene, u-di-phenyl-ethane, j ( 
and do methyl -anthracene dihydride (Angeblis ! i 
a. Anschutz, a 17, 167). Fi»pl tnirnmafs. 



phenol (Friedel a.C c.ts, O. 

Senff, A. 280, 282). (h) Sulphur m’ixwi . 
boiUng benzene and AJ,C1, forms phenyl n» 
captan. di -phenyl sulphide and ‘diphenyle 
(Friedel a. Crafts, T 
8b, 884). (i) Sulphurous acid , A1 2 C1 8 , and bet 
ene give di-phenyl-sulphoxide, Ph 2 SO (Colby 
McLoughlin i B. 20, 195). (j) Acetylene in pi 
scnce of Al 2 Cl a forms styrene, di-phonyl-ethan 
and di-tolyla (Varet a. Vienne, Bl. [21 47 917 ). 
0. Heated with A1,C1, (2 pta.) at 200° in seal 
tubes benzene gives toluene, ethyl-benzene, at 
diphenyl (Friedel a. Crafts, C. R. 100, 692).. 
7. Phenol is among the products of oxidatl 
of benzene by HA)., (Leeds, Ph. [3) 11, 105f 
cf. Kingzett, C. N. 44, 229). Phenol is all 
formed when bonzene is digested for some da' 
| at 40° with cuprous ohlorido and dilute HC 
t atmospheric oxygen attacking benzone at 
Cu,Cl, simultaneously (Ncncki a. Sieber, J. p 
I [2] 26, 25). In the anisnal body it is oxidise 
j nydroquinone and pyrocatechin (Nencki i 
{ uiacosa, H. 4, 525; cf. Sclmltzcn a. Naunyi 
; C. C. 1867, 705). Oxidation with MnO, an 
! dilute HjSO, produces formic, benzoio, an 
; phthahe acids (Carius, Z. 4, 505; A. 14) 
i ®®)- l bo formation of benzoio acid is pel 
1 mips preceded by that of diphenyl (Kekuld 
PW), and if,SO, give bonzoio acid; I’bO, ah 
boiling dilute HNO, give only oxalic acid ; CrC 
gives only CO, (Holder, dm. 7,114),—8. PCI a 
a red heat forms PhPCI.., diphenyl, and 1 
(Michaolis, A. 181, 265; Kohler, It. 13, 1623),- 
9. Will, at 250° forms ohloro-henzene, HCI, am 
i, (^bmidt, II. 11, 1168 ),—hi. Iodic arid am 
', ' on boating slowly form iodo.benzem 
(Ieltzer, A. 136,104).—11. 80,01, at 150° give 
ohioro-benzene (Dubois, Z. (21 2 705 ) —12 
forms PhSO,Pli, W.CI ‘ am 
}, ll .f, ) ;' , [ r l >na r p,^. (2) 5,41).-13. HCIO formi 
C.H,(OH) J CI, tiio trichlor hydrin of phenosi 
(Carnis, A. 136, 323).—14. Aqueous IlClO.fomu 
trichloro-phenomalic acid, cliluro-henzene, and 
dichloro-quinone (Carius, A. 142, 123 ).—15 
CrO,Cl, acting upon benzeno diluted with HOAe 
(1 vol.) gives trichloro-quinono (Carstanjen. J, 
P r ' ■'i' 7 , 331). When benzene is heated with 
there is formod a brown pp. of 
C,H,(CrO,/'l), which is converted into quinons 
by water (Etard, A. Ch. [5] 22, 209).—16. Con- 


, - ■> . . -—■ wmsuvu into MUillUIiS 

by water (Etard, A. Ch. [5] 22, 2C9).—10. Con. 
donsos with sulphuric acid and aldehydes, XCHO 
to XCHPh g . Thus chloral forms CCLCHPh.j 
bronwi formsCBr,CHPh a ; chloro-ahlehyde form* 
CH..Cl.GHPhj; formic aldeliyde forms CH.Ph. 
(Goldschmiedt, B. 6, 985 ; Hepp, B. 6,1489).-! 
17. Benzone is not attacked by HIAq and* P 
at 250°, but at 280° it gives hexahydro-benaen* 
SWreden a. Znatowicz, A. 187, 163; cf. Bar* 
thelot, A. Ch. [3] 15,150).-18. When chlorine 
** paused into benzene containing thiophene 
HCI is evolved and the benzene then no l ong ay 
gives the indophenine reaction (Willgerodt, Xi 
P r - M 33, 480). Pure benzene is not attacked 
by ohlorijie in the cold and in the dark, but at 
80° or in sunlight benzene hexachlorideis formed* 
In presence of carriers, i.e. substances oapabfr 
of combining with ohlorine in more than one 
proportion, oh loro-benzenes are prodooed^-H. 
Ntiric acid forms nitro- and di-nitro-betti^||Mt^ 


^s*v -luaaipj 

vitk 

wl pm O^r, (Chutmoo, B. 11 , list).— 

WA)ilBr r -(O^J^8«a, : monoclinio tablet, 
formed by wanning SbCl, with bemene 
(Watson Smith a. Davis, C. J. 41, 411). 

Potassium-benzene C,H,K mixed with 
C,H,K r Formed by heating benzene with K at 
850° (Abeljanz, li. 5, 1027; 9, 10). Blue-black 
Crystalline mass, insol. benzene. Takes lire in 
air. Converted by water into di-phenyl-bonz- 
ene, hydrogen, and di-phenyl. 

Constitution of Benzene.—' That the molecu¬ 
lar formula of benzeno is C.H., and not any 
multiple or submuifiplc of this, is settled, not 
only by its vapour density, but also by the exis¬ 
tence of the following series: 0,11,01, C„H,C1 
C,H,C1„ C„H.C1„ C,HClj f C e Cl«. We may call 
the six atoms of hydrogen in the molecule of 
benzene, a, 6, c,d, e,f. The first question is: 
are these six utoms of equal value, or could we, 
by displacing a by an eltnu.-nt or radicle 11. get 
a product different fro.i. that which would bo 
produced by displacing b by It ? 

Proposition I.— Four, at least, of the hydrogen 
atoms are of equal value. 

Ordinary phenol contains hydroxyl in place 
of one hydrogen: call this hydrogen a. Bromine 
and phosphorus convert phenol into C„H ( Rr. 
Sodium and carbonic aeid convert this bromo- 
phenol intosodic benzoate, CJI v CO ; Nii. Hence 
the carboxyl of benzoic acid has taken th« 
place of the hydrogen atom a. Now, there exist 
three «r;/-benzoic acids, C li H,(OH)(C , O.H), and 
since in these the carboxyl is in position a, the 
three hydroxyls must have displaced three other 
atoms of hydrogen, say b, e, and d. When dis¬ 
tilled with lime, these three acids, instead of 
giving three phenols, the hydroxyl being in places 
b, c, d, give the same phenol which is identical 
with the original phenol. Hence, the four hy¬ 
drogen atoms which we have called a, b, c, and 
d, are of equal value (Ladcnburg, li. 7, 1<'»81). 

Proposition II. -To every hydrogen atom in 
the molecule if benzene, there are two j-airs of 
hydrogen atoms similarly related. Benzoic acid, 

a 

CJEf^CO^H) gives bromo-benzoic acid, which 
e »t 

we may call C„ll,Br(CO,II). This, when acted 
upon by nitric acid, produces two isomeric 
nitrobromo-benzoic acids. Wo may call those 

C,H,(NO s )Br(COjH), and 
f c <1 

C,H J (N'O a )Br(CO J II). 

But br reduction these lose their bromine, and 
give rise to amido-benzoic apids: 

C^Hj(NHJ(db,H). C < H 4 (NHj)(CO !t H). These 4 
are found to be identical, being antbranilic acid, 
flonoe, ft and / are symmetrically related with 
tagard to a (Hiibner a. Petcrmann, A. 149, 129). 
Again, ordinary nitro-benzoic acid may be con¬ 
verted into the above bromo-bonzoic acid by tha 
e a 

dltzo- reaction, hence it is CJI^NO^fCOJI)- 
On nitration it gives a di-nitro-benzoic acid 

Wh^h we may call C.H,(NO,){NOJ(CO,H), 

Which may be reduced to Wojmil), 


. . 

0-H,Cl(C0,H). The lut eoid ie foand to he 
identiaol with the ehlaro-twncoia eoid 

!• c a 

C,H,C1(C0.U) obtained by the diazo- reaction 

r a 

from 0«H 4 (NO s /(COJI). Hence c and t are 
similarly related with regard t«» a. Therefore 
wo have a second pair of hydrogen atoms simi¬ 
larly related with regard to <i (llubner, A. 229, 
94, cf. Wroblcwsky, .4. 192, 200). 

Proposition 111. The six atoms of hydrogen 
in the molecule of benzene are of equal value, 

| Since a, 6, c , and d are of equal value, and tha 
j situations of / and e are similar to those of ft 
and c respectively, all six atoms of hydrogen 
are similarly placed and of equal value. This 
‘ conclusion might also l>o deduced from the fact 
that no instance of isomerism among the mono- 
substitution products of benzene 1ms been 
| proved. 

j Isomerism among di-substitution products, 

; Since two pnire of hydrogel! atoms are symmo- 
| trieal to any fifth, it follows, that only three di- 
' derivatives of benzene can exist with a given 
formula. Using our former notation, these arc - 
ab « af , ac «• ae, and Oil. 

This is confirmed by experiment. 

; Structural formula.-- Since tho atom of 
carbon is assumed to be tetravalent, all tho 
hydrogen atoms of benzene cannot bo attached 
to the same atom of carbon, and symmetry re¬ 
quires that they must be either each attached 
to one carbon, or else three must be attached 
to one, and three to another; or, finally, two 
must be attach' to one carbon, two to another, 
ami tho rein .ning two to a third. The two 
latter hypotheses do not account for more than 
: two di- substitution products; lienee the former 
j is established. The carbon atoms must ho united 
j amongst the in solve a in a symmetrical fashion.- 
i Each atom of carbon must bo united with at 
least two other atoms, or tho group would not 
hold together; but it may bo united with tlireo 
other atoms. The former hypothesis results iu 
tho formula: 

I I 

HC. CH 

H 

This is the ring-formula of Kekul6, wliich la 
one of tho two formula originally put forward 
by him (A. 137,160). If we number the por¬ 
tions occupied by tho atoms of hydrogen thus. 


• C‘ 




ec, 


r 


4 


Ml 



we bob iom we formula show* the ptwible 
exiitenoe of four di-substitution prodnots— vi*. 
1:4,1:8,1:2 and 1:6. To get over this diffi¬ 
culty, Kekul6 resorts to a peculiar mechanical 
hypothesis. He supposes that what we repre¬ 
sent by straight linos in a formula really indi¬ 
cates that two atoms vibrate with reference to 
each other so that tho above formula would 
mean that, in a given unit of time, 1 approaches 
6 twice as often as it approaches 2; and so for 
the other atoms. Now, if this were the case, 
the di- substitution product 1:2 would differ 
from 1:6; but he assumes that tho motions of 
1 are as follows: first, it approaches G twice; 
then it approaches 2 once; next it approaches 
6 once ; then it approaches 2 twice ; then 6 
twice; 2 once; and so on. This is equivalent 
to saying that the above formula for benzene 
is true for one instant, aftor which it changes to 


•<r 


5C. ^C3 


and the next instant it changes back again, and 
so on. This assumption leads to the deduction 
that only throe di- derivatives can exist, and, if 
we could devise no other formula for benzeno, 
wo should bo obliged to accept it. As a matter 
of fact, it is now almost universally adopted; 
not so much on its intrinsic merits, ns on account 
of tho enormous service WfcMtit has rondered 
to cliomistry. 

There remains, however, a second hypothesis 
possible, which is that every atom of carbon is 
united to throe other atoms. Tho following 
mechanical construction may help to elucidate 
this hypothesis. 

Let three rods bo driven into tho ground at 
the anglos of an equilateral triangle, and let tho 
top of eaoh rod bo joined by clastic string with 
the bottom of each of tho two adjacent rods. 
A figure somewhat rosembling a coronet is 
obtained, and wo may suppose tho six atoms 
of carbon in the benzene molecule situated at 
tho two extremities of eiftli of tho throe rods. 
At first sight it might appear that this repre¬ 
sentational tho benzene moleculo would indicate 
the existence of threo di-derivatives—namely, 

(1) when tfit substituted hydrogons aro attached 
to two carbon atoms at opposite ends of one rod; 

(2) whon they are attached to carbou atoms which 
are both on tho upper or both on the lower 
ends of two different rods; (3) when one carbon 
atom is on the upper end of one rod and the 
other is on tho lower end of another rod. But 
if wo assume that formula and other meohanical 
symbols represent not actual position in space, 
but merely modes of combination of atoms, 
especially showing which atoms are directly and 
which indirectly united, (3) is identical with 
(1), for it can be converted into (1) by simply 
holding the string, at the opposite ends of 
which the carbon atoms have been plnoed, up¬ 
right, and doing the same with the two corre- 


a: , Jwfcbpo*. 

tionfl fbnnerry oeoopied by the stringi now 
held upright, and the figure will be the same 
as before. Hence this figure for benzene gives 
only two di- derivations, and accordingly it 
must be discarded. When the figure we have 
just considered is projected on a plane it assames 
the form: 



This figure, by simply twisting the central rod, 
is converted into 


HUH 
C C C 

> 

< 

< 

; 

H H H 


and if the central rod be now elongated 
get: 


CH<* 



This symbol, which has been a favourite 
with somo chemists, must, of courso, be aban- 
cloned along with tho solid figure from which it 
is derived; but it is also very easy to see that 1: 2 
and 1:4 di-derivatives, are identical, since if 
we pick up the carbon atom (4) and place it 
upon (2), and then take up (2) and place it 
where (4) was, supposing all the while that the 
connections, which we may imagine to bo elastic, 
are not brokon, the figure will be wholly un¬ 
altered. , 

There remaius one other benzene formula: 
it is obtained by joining the ends of the three 
rods placed vertically by six strings as before, 
but with this difference, that whereas in the 
previous formula tho top of one rod is joined to 
! the bottom of the others, in this formula the 
i top of each rod is joined with the top of each of 
| the others, and the bottom of each rod is joined 
j with the bottom of each of the others. We 
thus obtain a right-angled prism on a triangular 
base. This formula, defended by Ladenburg 
(Theorieder aroma faction Verbindungon, Bruns¬ 
wick, 1876), is capable of explaining most Of the 
reactions of benzene, and the objections that 
have been brought affain«t it *•»» 
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If the upper triangle be rotated through 180°, 
and then the figure be projected upon a hori- 
sont&l plane, we obtain a figure which resembles 

• •tar: 

«aH c ^ CH ® 

C<4) 

The two former figures aro not symmetrical, 
but the latter is clearly bo, mid it lias this 
advantage over the prism formula, that, if the 
atoms of carbon aro numbered consecutively, 
they correspond to the atoms of carbon in 
Keku16’s formula, also numbered consecutively; 
whereas this would not be the case with the 
•econd of the three formula! here given, which is 
that used by Ladenburg. 

For most purposes it will not be necessary 
to decide which formula we adopt, for both the 
•tar-formula and tho formula of KckulA: 



may be represented by the simple hexagon: 
Ho* 



The numbering of the carbon atoms here given 
is used throughout this dictionary. Thus, the 
expression C t H,Br, [1:5] muBt be taken to 
mean that one bromine atom has displaced the 
hydrogen atom numbered (1) and the other the 
hydrogen atom numbered (5). 

Phyaiouts hare tried to decide between the 
fonaubn of KekulA and Ladenburg. Thomsen 


(fk. it. *74; 4.908,1ft*) ooaetten that thtna* 
ohemioal data favour Laden burn's formula, hot 
the assumptions he makes in the course of his 
argument lead him in othor eases to impossible 
ooruffuBiona. The specific volume of benzene 
is S%; whereas that calculated on the assumption 
thar tho S.V. of C —11, and that of H * 5*5 is 
00: this would merely show that tho relation 
between tho carbon atoms in tho benzene mole¬ 
cule is different from that iu saturated paraffins. 
If wo compare tho specific volumes of hexane, 
diallyl, ami benzene, wo find that : 

Hexane, CJH„ has a S.V. 140 0 
Diallyl, C„H 1# „ „ 125-7 
Benzene, ('.H, „ „ 95*9. 

Wo see that the difference between the first and 
second (14-3) is less than that between the 
second and third (29*) and that when hexane 
is converted into benzene by tho removal of 
811 tho 8.V. is lowered by 8 * 5-5, while the 
removal of 411, in converting hexano into diallyl, 
lowers S.V. by only 4 x 30. That is to say the 
want of saturation of diallyl is accompanied by 
an unusually largo specitio volume, whereas this 
is not observed in the case of benzene. This 
would indicate that ben/.eno is not unsaturatod 
in tho ordinary sense, and can bo used as an 
argument in favour of Ladcnburg’s formula for 
benzene (Lossen, A. 214, 129; It. Nchiff, A . 220, 
303). 

On tho other hand, tho S.V, of hexahydro- 
toluene (ldl'8) differs from that of toluene (118) 
by 23 H. This is about three times the difference 
(7*2) between the S.V. of pentane (117*2) and 
amylcne (110). Hence it would appear that the 
change in the state of saturation in passing 
from hexahydro 'ueno to toluene is of a 
similar char?-ter to tho change in passing from 
pentane to amylcne: tho removal of 11, in both 
cases produdfhg a diminution of between 7 and 
8 units in the S.V. This supports Kekul6’» 
formula for benzene (Lessen, /l. 225, 119} 
llorstmnnn, 1i. 20, 700). 

Tho refraelho power of benzene is about 
equal to that calculated on tho assumption that 
Kekul6’s formula iB correct, provided that cer¬ 
tain assumptions aro made regarding the con¬ 
nection between tho refractive powers of com¬ 
pound moJoculcs and tho refractive powors of 
tho constituent atoms (Briihl, A. 200, 228; 
KanonnikofT, J. It. W, 473). 

Passing from physical to chemical consider¬ 
ations, wo note first that tho behaviour of 
benzene towards halogens is, on tho whole, 
more like that of a saturated .ban an unsatu- 
rated compound. Tht following special argn- 
ments have also been employed. Sodium acting 
upon succinic ether gives succinyl-suocinio other, 
which loses H, on or ' lation, changing todi-oxy- 
terephthalic ether. Tho formula of succinyl- 
succinic ether may W written in one of thi 
following ways: 

(I.) GOJStCH.CO.ClI. 

CIL f .CO.CH.CO,KI 
(II.) CO s Et.Cll.C(OH):CH 

CH-CfOHJii.COjEl 
mi.) CO,Et.CH.C(OH):CH 
I I 

CH;C(OH).CH.CO,Et 



py.) oojkLo iVtfiabMi 



I.CO.L. 


(V.) contra 

C0.Et.CII.C0.CH,. f 

It the first correctly represents succinyl-succ p nio 
ether, it must bo supposed to change into (II.), 
(III.), or (IV.) during the oxidation. The third 
formula would naturally lead to the formula 
X(OII)"CH 

GO,Et.C^-.-^C.COaEt and therefore 


\CH-C(OU)/ 


HC^ 


,CH = CH 


\cn 


to the benzene formula --,~ 

\CH=CH/ 

proposed by Wislicenus, a formula which would 
indicato the existence of two chloro-benzenes. 
The sooond formula 

C0^t.CH<^“ a )c ( 0H ) >C.C0.Et, would give 
C0 a Et.C<C(^ (0 C a >C.C0 2 Et on oxidation, 

a formula based upon Kekul6’s ring. The fourth 
formula, like the third, loads to the benzene 
ring of Wislicenus. The fifth formula would 
lead to Kekul6’s or Wislicenus’ ring, but with 
the carboxyls in the ortho- position, whereas in 
teroplithalio acid they are in the para- position. 
Ladenburg’s formula for dioxy-terephthalic acid is 
CH-CII 


C.CO^Et, the forma- 


/VU-tu v 

COjEt.O^-J--; —-)< 

\C(OII)-C(OH)/ 
tion of which from formulio I., II., HI. or IV. 
requires tho improbablo assumption of a wander¬ 
ing of hydroxyl such as takes place when salicylic 
acid changes to p-oxy-beuaWO % acid. Laden- 
burg’s formula can be derived fion^V, but only 
by assuming a rearrangement of thymsaturatod 
unions. * 

By tho action of sodium upon malonic ether 
a tricarboxylic ether, 

CO,Kt 


CII 

/ \ 

00 CO 

CO.Et.Jn CH.CO.Et 

\o/ ' 


, la formed. This 


U found to bo phlorogluoin tri-oarboxylio ether, 
CO^Et 

I <■ •. 

6 

HOO^ V C(OH), and this undoubtedly 

„ I 8 

CO,Et.C C.CO.EI 

favours Kekuli'e hypothesis, especially when It 
il remembered that phlorogluoin, 

C(OH) forms a tri-oxim C(NOH) 

/ \ / \ 

CH CH H.C CH, 

0(0a) 0(00) (BON}0 C(NOH) 

V V 


number of reoeareha* carried ojftt tho hefcseoe 
derivatives, the constitution of benuneitsalf 
still remains unsettled. 

Recent discussions on the Benzene formula ,— 
Ladenburg, B. 19, 971; 20, 62; Baoyer, & 
19,1797; A. K. Miller, C. J. 51, 208; Thomsen, 
B. 19, 2944; Claus, B. 20, 1422. 


Orientation. 

Benzene gives rise to only one mono- substi¬ 
tution product. It gives three di- substitution 
products, and those, assuming either KekuH’s or 
Ladenburg’s formula, are namod as follows: 

1, 2 - 1, G is called ortho, 

1,8 =* 1,5 „ „ meta. 

1,4 „ „ para. 

When we come to tri- substitution products 
we must distinguish several cases.—1. Com¬ 
pounds of the formula C a H 3 A a , that is to say, 
where the three substituting elements or radicles 
are all alike. There are three such compound*. 

1, 2, 3 is called consecutive. 

1,3,5 „ „ symmetrical. 

1,2,4 „ „ irregular. 

2. Compounds of the formula C„H S AB 2 . Thoro 
are six such compounds.—3. There are ten 
compounds of the formula C 0 H 3 ABC. 

In the case of tetra* derivatives of benzene: 

1. There are three compounds of the formula 

C S HA: 

1, 2, 3, 4 is called consecutive. 

1, 2,4, 6 „ „ symmetrical. 

1, 2,3, 5 „ „ irregular. 

2. Thero are seven compounds of the formula 
C fl H 2 AB 3 .—3. There are thirteen compounds of 
the formula C a H 2 A 2 B r —4. There arc sixteen 
compounds of the formula C^H-jABC.,.—5. There 
are thirty compounds of the formula CJL^ABCD. 

There is only ono penta- derivative of the 
formula C 0 HA 4 , and only one compound of tho 
formula C„A«. 

Tho next question is how to determine, in 
a given case, the position of substituting radioles 
in tho benzene ring. In isolated cases it is 
frequently found that this may be settled by 
special considerations, but the only general 
method known is that which was thoroughly 
worked out, by Kekul6’s pupil KGrner, ill a 
most laborious research, in tho course of which 
ho discovered no loss than 120 new compounds 
(O. 4, 305). This research has done more than 
anything else towards establishing the ring for¬ 
mula for benzene. 

Suppose we convert C„H,Br a into 0 4 H^3r,; 
by reference to a figure it will be found that wo 
can introduce a bromine atom in place of an 
atom of hydrogen in orfho-dibromobenzene ia 
Buch a way as to produce either a consecutive 
or an irregular tribromobenzene, but not bo as 
to produce a symmetrical product. .i, 

-Jfcfo-dibromobenzene can give rise to con¬ 
secutive, irregular, or symmetrical, tribromo- 
benzene, while para-dibromobenzene can only 
give rise to an irregular tribromobenzene. ... 

An unknown dibromobenzene is thsrcfonr 
para-, ortho- or meta-, according as we can got 
one, two, or three tribromobenzenes by tiWAt&g; 
it with bromine. Thus the dibromobthojlM ^ 
from dibromoaniline gives rise to three tofMAdt, 
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i^Wco w i oi bromine upon benzene gives rise 
*o only one tribromobenxene on further treat* 
ilient with bromine; hence this product is 
p*r*-dibroraobenzene. On the other hand, the 
minor product of the dibromination of benzene 
gives rise to two, and only two, tribromo- 
btlUtenes; therefore it is ortho-dibromobcnzene. 

In order to investigate the constitution of a 
given tribromobenzene, two methods may be 
followed : either introduce another atom of 
bromine in plaeo of hydrogen and see how many 
tetrabromobenzenes result, or displace an atom 
of bromine by hydrogen and carefully oxamino 
how many dibrotnobcnzeuea are fonnud. It can 
easily be seen by reference to the formula that 
consecutive tribromobenzene produces two di- 
bromobenzene? and also two telrabromobenzones, 
while symmetrical tribromobenzene produces 
one dibromo- and one tetrabromo- benzene, and 
irregular tribromobenzene gives riso to all threo 
dibromobenzenea and all three tetrabromo- 
benzenes. 

The following are the melting and boiling 
points of tho bodies described: 

Dibromobcnzenea. 

Ortho. . . . [-1°) (224°) 

Meta .... liquid (220°) 

Para .... [8i) ,J J (210°) 

Tribromobcnzcnca. 

Consecutive . . [ 87°] 

Symmetrical . . [120°] (278°) 

Irregular [ 44°] (270°) 

Tetrabromobenzenes. 

Consecutive (1, 2, 3, 4) [100°] 

Symmetrical (1, 2, 4, 5) [137-’-HO 0 ] 

Irregular (1, 2, 3, 5) am. [ 93°] (320) 

It will be observed that tho isomeridcs differ 
widely in melting-points, hut very slightly in 
boiling-points, and this is usually the case 
where isomerism is due to difference of position 
of substituents in the benzene nucleus. 

The orientation of any given benzene deriva¬ 
tive must bo determined cither bv preparing it 
from one of the three hromobenzenes, or else by 
preparing a bromobenzene from it. 

Examples. 

Para-dibromol»euzcne when treated with 
■odium and methyl iodide gives a dimethyl- 
benzene or xylene: C„lI 1 Hr t + 2CTJ,.I 1 4Na-» 
2NaI -f 2Nalir + C # H,(CH,) 2 . By oxidation this is 
converted first into toluicacid, C 4 H 4 (CH,)C0.I1, 
and next into terephthalic acid, C fc H,(CO Jl}... 
It is therefore evident that the xylene, tho toluic 
acid, and terephthalic acid, arc all j#ira com¬ 
pounds. Also since a certain bromotoluiflic, 
OgH^Br^HJ, when treated with sodium and ! 
methyl iodido gives the above para-xylene, it ! 
must be the oara-bromotoluene, and the bromo- 
bcusoio acid derived from it by oxidation— 
C a HfBrCH, + O,- C.II,Br.CO,H + H.O-must be 
poro-bromobenzoic acid. 

As another example we may take the ortho- 
leries. A certain bromoaniline, CJIjBr.NH,, is 
known to be ortho- because when the amidogan 
la. displaced by bromine the product is ortho- 1 
Aifcwomobenxene. Now, this ortho -bromoanilina j 
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j reaction from a nitroanilinc (^(NByfNOJb 
; and this may be got by acting on a nitroaniaol 
: 0,1I 4 (OCHJ(NO s ) by ammonia, and this nitro- 
ar|t>ol may bo obtained from a nitrophenol 
and this nitrophenol may be 
itself reduced loan amidophenol U,H 4 (OH)(NH a ), 
and this amidophenol may bo converted by 
dia/.o- reaction into a chlorophcnol C,1I 4 (01{)CJ, 
and this chluropheuol may bo converted by 
cautious fusion with potash into a dioxybenzeno 
C^II^Olllj. All tho compounds here enumerated'* 
are clearly ortho- compounds, and us the dioxy* 
benzene is found to bo pyrocaloehiu, we have 
: proved that pyrocatcchin is orf/jo-dtoxybonzene. 
j In the }ki ra- series wo may truce, in the same 
i way, tho connection between p dihromobona* 
cno and p-nittoanisol C fl H 4 (0Cll a )N0 8 . Thence 
! wo proceed hy tlio following steps: reduoe 
to C.HgOCII.KNiy, convert this into 
C.H.(OCH,WUU) by nitrous acid, and truat with 
j liydric iodido. In this way wo get a second 
dioxybenzeno, which is found to be hydro- 
' (juinane, and this body ia therefore a ^>ara- 
compound. Tho remaining dioxybenzeno is 
resorcin, which must be the meta- compound. 

The rules governing substitution in tho luma* 
one moleculo arc discussed in the article A no* 
matic Sljuks. Derivatives of benzene are de¬ 
scribed, as Animnk, Phenol, IlnoMo-. Bromo- 
MTKO-, ClILOBO-, ClILOliO-NlTRO-, loUll-, MkTJIYL-, 
Nitiio., Oxy- benzene, etc. 

BbNZENE HEXABR0MIDE C^HJlr,. 
Bromine is dropped into boiling Ironzeneexposed 
to direct sunlight; tho hexabromido crystallise# 
out on cooling; it is separated from tri-bromo- 
benzeno by sublimation, and finally crystallised 
from a nixturo of alcohol and benzene 
j (Mitscherltfh, P. 35, 374; Meunier, C. ii., 101, 
378; A. Ch. [GJ 10, 200). Prisms, isomorphous 
with the (a) hexachlorido; not attacked by liNO t 
or ILSO,. Alcoholic KOIi splits it up into HBr 
and u-tri-bromo-benzene. If the product of the 
action of ZnKt. a upon benzene hexabromide 
dissolved in benzeno bo oxidised with chromio- 
juixturo, benzoic, isophthalic, terephthalic, and 
di-hromohenzoio acids are formed (Ador a. 
Hilliet. JJl. [2] 24, 485). 

BENZENE CARBOXYLIC ACIDS v. Bknsoic, 
PlITIIALIC, 2Vi-MKLLITIC, TW-MKHIC, JJmni- 
MKM.IT1C, PnKHNITlC, P Y KOM ICI.LITIC, MeLLOPUAOTO, 
and Mkllitic acihh. 

Benzene penta-carboxylic acid G. t H ( O l# L#, 
C B ll(COj,lI)j. Formed hy oxidation of pent** . 
methyl benzene (Friedel a. Crufts, A. Ch. ffl] i 

1, 474). Amorphous (containing Oaq). Th# 

K salt forms small deliquescent prising; tba 
salts of Ag, Pb, Ba, Fe, Cu, and A1 fond 
insoluble ppB. 

BENZENE («) HEXACHLORIDE C.FLCL > 

Mol. w. 201. [157 j. 8.G. 187. Prepared by'*; 
chlorinating benzene in direct sunlight (Faraday* ' : 
A. Ch. [2] 30, 275; Mitscherlich, P. 35, 370j 1 ; 
Lesimple, 111. [2] 6, DJI): 850 g. may be gotj 1 ; 
from 000 g. benzene (Leeds a. Everhart, A.Qt/t- '-'' 

2, 2051. It may bo freed from C.HC1, and 
C s H,C1 4 by treatment with H r SO. or HNQ*;* 
(Meunier, A. Ch. [0] 10, 223). Monoelinio;■) 
crystals; may be sublimed. At 288° it Mb, ; 
•piitting up into UC1 and (1, 2, 4)-tri-ehlof»> ’ <’ 


Imwih. Tbt mm itteavotHka h 
to fowling «itb tboholio KOH. . .... 

Reaction.—1. Zinc wdaow it, In *Iooholio 
solution, to benzene (Zinin, Z. 1871, 284).— 
9. Fuming nitric acid nas no action.—3. Silver 
acetate forms crystalline* C rt H 0 Ci 3 (OAc),CJI fl CU 

Benzene (d)-hexachloride C„H U C1„. [31(f']. 
V.D. 928. Formed at the same time os the (fc)- 
compourid; when the mixture is sublimed, the 
($)- compound sublimes last. If the mixturo 
(4 pts.) be boiled with KCN (3 pts.) and alcohol, 
the ($)-compound is-left while the (o)-compound 
is decomposed. Regular octahcdra, cubes, tetra- 
hedra, or tetrakis tetrahedra. Alcoholic potash 
splits it up into HC1 and (1, 2, 4)-tri-chloro- 
benzene, but more slowly than the (a)-compound 
(J. Moimier, C. It. 1)8, 430; 100, 358). 

BENZENE-HYDRAZIMIDO v. pp. 300, 370. 

BENZENE - PHENYL - HYDRAZIMIDO - 
NAPHTHALENE v. Benzcne-KZo-phejiyl-(0)- 
naphthulaminc. 

BENZENE-PYROGALLOLPHTHALElN v. 

Tri - OXY - TUI • PUKNYL - t'AllllINOL - CAHlIOXYLIC 
ANUYimiliK. 

BENZENE-TRI-QUINONE C„O rt 4aq. So- 
called ‘ oxi/carboxylic acid ' of Lorch. [c. 95°). 

Formation.- 1. I!y the action of UNO, upon 
the hydroehlorideof totra-oxy-di-amido-bcnzcnc; 
the yield is 05 p.c. — 2. By the action of UNO, 
upon di-iinido-di-oxy-(|uim)ne0 1 ,(Nli) z (OH)X) r — 
3, By oxidation of hexa-oxy-bunzenc C„(OII)„. 

Properties. —Colourless microscopic needles. 
Nearly insoluble in cold water, alcohol, and ether. 

Reactions. By reducing agents it is con¬ 
verted successively into di-oxy-bcnzcnc-di- 
(luinono C„(Oiltetra-oxy-benzono-quinouo 
0,(0H) 4 0 2 , and finally hoxa oxy-benzono 
0,(011),,. On heating to 100’ or on boiling 
with water it evolves CO* and yields croconio 
acid OjH.jOj (Nietzki a. Bcnckiser, B.lS t 501). 

BENZENE RESORCIN PHTHALE1N v. Di- 

OXY • Tlill'HK.NYL • CAItlllNOL • CAIUIOXYLIC AN- 
HYDRIlM . 

BENZENE - 8ULFH . AMID0 - ANILIDE t>. 
Benzknk-solphonic acid. 

BENZENE - 8ULPH - AMID0 - T0LUIDE t\ 
BbNZKNK-SPLPHONIC ACID. 

BENZENE 8ULPHINIC ACID C.H.SO.. i.e. 
O^HjSOjlI. (84°J. 

Formation. —1. By adding zinc-dust to a 
cooled alcoholic solution of tho chloride of 
benzeno suiphonic acid; the fosulting zinc enlt 
is very slightly soluble in water; it is treated 
with NujCO,; the liltrate is concentrated and 
the Reid ppd. by HC1 (Schiller a. Otto, D. 
9, 1584).—2. Fpm.A tho phenyl-hvdrazido of 
benzeno suiphonic acid liiS() t N s U 3 I , li l called 
also di-phcnyl-sulphazide, by boiling with 
baryta-water (Limpricht, B. 20, 1239).—3. By 
passing SO., into a warm mixture of benzene 
and A1.,C1„ (Friedel a. Crafts, C. II. 8(5, 1388; 
Adrianowskv, B. 12, 853).—4. By the action of 
ZnEt, on C.H.SO.Cl (Kalle, A. 119, 156).— 
6. From C,H,SO,Cl and Pb(SEt)*, thus: 

21'l»SO,Cl + 2Pb(SEt) 4 * 

(PhSOjljI'b + PbClj + S JRt, 

(Schiller a. Otto, B. 9,1630).—6. From diphenyl 
disulphide and alcohol potash: 2Ph i S 1 + 4K01I 
• PhSOjK 4 3PhSK 4 211,0 (S. a. O.). 

Properties.— Long radiating prisms. SI. sol. 
sold, v. sol. hot, water; v. sol. alcohol and 
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Reactions.— 1. Water At 180° give* benseoa 
suiphonic acid and phenyl benzene-thiosul- 
phonate (Otto, A. 145, 317); the same reaction 
takes place slowly in the cold, especially in pre¬ 
sence of HC1 (Pauly a. Otto, B. 10, 2181).— 
2. Ethyl mercaptan at 100° gives di-ethyl di¬ 
sulphide and phenyl-ethyl di-sulphide (Otto a. 
llosaing, B. 19, 3136).-3. Phosphorus penta- 
chloridc reacts thus: PliSO,H + PCI, 

= PCI, + HC1 + PhSO,Cl. — 4. Potash fusion 
gives benzene and K 2 SO,.—5. Sodium chloro - 
i acetate gives phenyl - sulphonyl - acetic acid, 

1 P1i.S0j.CHj.C0jH.—6. Sodium di-chloro-acetate 
gives phenyl chloro - methyl Bulphone 
| JPh.HO^CIIjCL—7. Methylene iodide reacts 

j thus: CHjl, + Ph.SO.Na = Nal + Ph.SOj.CHjI.— 

; 8. Sodium aa-di-chloro-propiomte acting upon 
sodium benzeno sulphinato gives di-phenyl 
j othyleno di-sulphone, Ph.SO a .C a U 4 .SO,.Ph.— 

| 9. Phenyl-hydrazine in presence of cone. 

IIClAq forms phenyl Bbnzcne-thiosulphonate 
j and tho phenyl hydrazide of benzene suiphonic 
: acid (q. v.).~10. When H.SO, is added to a 
; solution of Ph.SOjNa and NO,Na a pp. is got 
which may be crystallised from alcohoL It 
j is perhaps (PhSOJjNOH. It is si. sol. cold' 
j we tor, OS., or ligroin, but v. sol. alcohol and 
ether. At 100 J it evolves nitrous acid gas. 
Boiling water, alkalis, or acids, decompose it 
into PhSOjH and nitrous acid (Konigs, B.' 
; 11, 615).—11. Fuming nitric acid forms 
; C.JI^NSjO, which may bo (Ph.SO^NO. It 
: forms crystals, [98-5°], insol. alkalis, si. sol. 
alcohol, in. sol. benzene (Otto a. Gruber, A, 
141,370; Konigs, B. 11,615, 1590). 

Halts.- Ba.V a : clumps.— ZnA'j: tablets, si. 
sol. alcohol and ether, si. sol. water (Kalle).— 
ZnA'., 2n<{: insol. cold water (S. a. O.).— AgA'. 

E thy l ether Ft A'. - Formed by means of 
j EtOll and IIC1, or, together with CO., by heat¬ 
ing Ph.SOjNa with Cl.CO.Et. Non-volatilo oil. 
KMnO, in acetic acid solution oxidises it to 
Ph.SOjEt (Otto a. Bossing, B. 18, 2495; 19, 
1225). 

Benzene di-sulphinic acid C,H,(HO a H) 2 [1:3]. 
From [1:3] C u II,(SO..Cl)j, and zinc-dust (Pauly, 

* B. 9, 1595). Oil.—BaA". 

BENZENE-SULPH-NITR-ANILIDE v. Benz- 

1 ENE-BULPIIONIC ACID. 

BENZENE SULPHONE v. Di-piiF.NYr.-scL- 
’* phone. 

i BENZENE SULPH0NIC ACID CJI..SO, i.e. 
Cgllj.KOjH. Phenyl-sulphurous acid. Sulpha• 
benzolic acid. [42° j. 

Formation.—1. From benzeno and fuming 
i HjSO, (Mitscherlioh, ,P. 31, 283, 634; Ston- 
house, IV. 14, 351; Wurtz, C. 11. 64, 749).— 
2. 15y the oxidation of benzene sulphinio acid 
; (Otto a. Ostrop, A. 141, 3(59).—3. By the oxida- 
j tion of phenyl mercaptan: PhSH + 0„« PhSO,H 
I (Vogt, A. 119, 161). -4. By boiling p-diazo- 
benzeno suiphonic acid with alcohol under 
pressure (B. Schmitt, A. 120,129).—5. Together 
with phenyl benzene-thiosulphonate by heating 
benzene sulphinio acid with water at 18(r 
(Otto, A. 145, 317): 

8Ph.SO.jH - PhSOjH + Pli.SO r SPh + H,0. 

Preparation. —Benzene (2 pts.) is ohakaa 
| with fuming II.SO, (3 pts.) with gentle warm. 
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benzene, diluted, and neutralised with BaCO. 
or lead carbonate. In the filtrate the Ba, or 
Pb, salt is decomposed bj H.SO. or H*S re* 
tpectively. 

Properties. —Small, four-sidod, deliquescent 
plates (containing l*aq). 

Reactions.— 1. By fusion with potash, soda, 
or a mixture of the two, it is converted into 
phenol. The percentage of phenol obtained in* 
creaseB with the amount of alkali and with the 
temperature of the fusion. The percentage of 
phenol ia given in this table; one equivalent of 
acid being used: 


KOI! 

2 

3 

8 


NaOII lYm|‘onituro riu-nol 


253° 

210 ° 

207° 

20 ')* 

280° 

211 ° 

277° 

31.0* 

252° 


m 


m 

iw r*»*« t»«h« 
MUon of KB, on a ult of beniene tulpho&lo 
aeid (Oerhardt a. Chancel, C. R. St, 890), or by 
mning chlorine tato an aqoeoai lolution of 
PhSO,H (Otto a. Oatrop). Oil i v. aol. alcohol and 
ither. 81o\vly solidities at 0° forming large 
Aombic crystals. May be distilled in vacuo, but 
is much decomposed on boiling under atmospheric 
pressure. Hardly attacked by water. 

Reaction*.— !. Tin and HCI form phenyl 
mercaptan.—2. Sodium auuihjam orZnKt t forms 
a bmzcno sulphinate.- 3. I’C1 S at 210° gives 
C.HjCl* phosphorus oxychloride, and SO.CI, 
(Kckul6 a. B.arbaglia, ft. ft, 876).—4. PhO,give# 
at 180° PbSO, and C„H 4 C1 (Wallach, A. 214, 
219).--5. Phenol (1 mol.) and ziuc-dust gives 
l‘li.SO a Ph; phenol ($ mol.) and ZnOL gives 
Ph.SO..C - H r O.SO a .Ph (?) (123*) (Schiaparelli, 
O.ll,00). 1 

Bromide Ph.SO.Br. From PhSO.II and 
Ilr (Otto, A. 141, 372). Oil. 

Amide Ph.KO,,NlP. Ben sene sulplutmide. 
Benzene, sulyhonamide' (150 'J (Hybboneth, A, 
221, 200). H. *43 at 10°. Formed by the action 
of Nil, on the chloride or bromide (Otto a. 
The potassium , Ostrop, A. 141, 300), or, in small quantities, by 
" 1 .. j heating the ammonium salt at 200 M (Stenhouse, 


23 

7 

72 

1 

26 

2 

82 

04 

00 


gives IPSO,, benzene, SO,, and di-phenyl-sul- 
phone.—4. Dry distillation of the ammonium 
salt gives benzene and small quantities of ben¬ 
zene sulphamide, diphenyl, di-phenyl sulphone, 
phenyl mercaptan, and (traces of) quinoline 
(Kgli» B. 18, 575).—5. The potassium salt dis- 


(P. Degencr, J. pr. 125,401).--2. 4 . 

salt distilled with KCN or K,I*YCy, gives benzo , ... , T ... ...., w „ wli „ 

nitrile (Merz, Z. [2] 5, 33). 3. Dry distillation | Pr. 11, 851). Needles (from water) or plates 

mv .. c, ‘ —-» ■«-i—•(from alcohol). V. si. boI. water, sol. hot NH,Aq, 

v. sol. alcohol and ether. Ammoniaeal AgNO, 
gives a pp. of Ph.SO..NHAg. With TCI* the 
amide gives Ph.S() r NH.PCl a [131*] (Wichfdhaus, 
B. 2, 502). Succinyl chloride gives rise to 
.... , ... v vir . ...» t . PhS0 i N:(C i 0. i ,)C,ll o [ 100’J, whence cone. NH,Aq 

tilled with iSaMJ, gives aniline (Jackson a. \\ mg, produces Ph.SO i .N.CO.C a Il r CO..NII 4 , (105°1 
Am. 0, 75). —0. Distillation of the Na salt gives ! (Gcrhurdt a. Clmncel, C. It. 35, 020;* Oerhardt 
di-phenyl sulphide, di-phenyl di-sulphide, phenyl • a. Chiozza, A. Ch. [3] 17, 122). 

mercaptan, CO.,and SO„(Stenhouse).--7. A mix-j .. 

ture of IPSO, and water boiling at 175^ converts 1 
it into benzene and 3I 3 SO, (Armstrong, C. J. 45, ! 

151).—8. Fusion with potassium formate gives I 
potassium benzoate. 

Salts (Freund, A. 120, 76; Knlle, A. 112, 

161).—BnA\,nq: pearly plates, si. sol. alcohol. ! 

—CuA',0aq: large blue tables, sol. alcohol. — j line) a:b:c*- *862:1:?, a«87* 52', 8 04° Ml',-y- 
AgA'Saq: tables. -7,n A' a 6aq: six-sided tables, j 0S° 24'. When this imido-chlorido is heated 
Methyl ether Mo A'. S.G. *1 1-27. Formed , it splits up into benzonitrilo and benzona 
by action of NaOMe upon Ph.SO,Cl in etlier (It. \ aulpho - chloride (Wallach a. Gossmann. A. 

Iliihner, A. 223,235). Oil. 2J ' .. • - * 

Ethyl ether EtA'. S.G. 1* 1-22. From! 


Benzoyl derivative Ph.SO Y NIIBz. (147°), 
I From 1 m, ■.zone snlphonamidc and B/.Cl at 145° 
j (Gerhardt, A. 108, 214 ; Wallach, A. 214, 210). 
i Prisms (from alcohol). Halt. PhSO.NNaB*. 
! Silky needles (from alcohol). Reactions.— 1. 
i PCl 4 gives tins imido-chlorido Ph.HO a .N;CCl.Ph 
; f80 r> J. This forms triclinic plates (from bonzo- 


NaOEt and PliSOXl in ether. Formed also by 
oxidising PhSO.Et (Otto a. Bossing, B. 12,1225). 

Oil, miscible with alcohol, ether, and benzene. 

Saponified by boiling water. 

Propyl ether PrA'. S.G. U 1172 (If.). 

Phenyl ether PhA'. [85°]. Formed by i fonned by treating the chloride with aquoouf 
acting upon Ph.SO a Cl dissolved in benzene with methylamine (Hornburgh, It. 3, 16). 

Cfvliiim.nlwinnl l’/irmu.! nl.n kn a! ! tf.il...I „ : i. Til. i</i 


j 214, 210). Aniline converts tho imido-chlor¬ 
ido into phonyl-sulphonyl-phcnyl-honzftinidinf 
(PhSO,N):C(NHKIl).Ph.-2. The Pb and Ag da- 
rivalives are converted by EtI at 100° into the 
original amide (lk-in sen a. Palmer, Am. 8, 235). 

Di-bcmnylderivativeVh KO a NBz,.[105°], 
Mcthylamide Ph.SO r NHMe. An oil, 


sodium-phenol. Formed also by action of zinc- 
dust on a mixture of phenol and PhSQXl. 
Trimctric crystals, a:b:c - -6847:1: *8576. V. sol. 
benzene, ether, and alcohol, insol. water. 
Slowly saponified by boiling aqueous KOH; 
alcoholic Nil, even at 200° does not affect it. 
On nitration it gives the nitro phenyl ether, and 
also a tri-nitro- derivative [116°] (Schiaparelli, 
O. 11, 66 ; R. Otto, B. 19, 1832). 

p-Nilro-phenyl ether C^II^SCVC^H^NO,). 
182*]. Formed by nitrating the preceding; or 
from p-nitro-phenol, ZnCL, and PhS0 2 Cl (Schia¬ 
parelli, 0. 11, 70). SI. sol. cold alcohol. 

Chloride Ph.SO.CL— Btnutn*. Mulnfutckhu 


Methyl-nit* >-amide Pli,KO a .NMc(NO.) 
[44°J. From the preceding and UNO, (S.G. l*4ffl, 
Ethylamide Ph.SOfNEtll. [68°J. From 
the chloride and NEtH. (Ilomburgh, /?. 8,18). 

Ethyl-nitro-amide Ph.HO r NEt(NOJ« 

[44°]. Fonned by tho action of HNO, on th« 
preceding or on tho succeeding compound* 
Needles (from alcohol); volatile with steam. 
Di-methylamide C,II i .SO.,NMe r RUPL 
Di-ethylamide Ph.SO r NEt r [42°]. 
Anilide Ph.SO a NHFh. [102°] (Wallaoh. 
A. 214,221). 8. 4-3 at 16®. From th« ehlorido 
anil aniline (Bifll, A. 91,107 ; Oerickt, A. 100. 
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' :°v ; 'r. . 

; t4hkm*aut vbtojfcjepfii, ran 

From tbs preceding and PCI* or frorh PhSOjCl 
•ad B-ohloro-tnilino (Wallach ft. Hath, B, 9, 
4*5). 

o-mtro-anilide Ph.SO J .NH.O,H,(NO a ) 
[1:91. [104°]. From o-nitro.aniline and PhSO,(® 
(Lollman, A. 221, 1C; 11. 16, 591). Ycllof* 
plates, sol. alcohol, glacial HtiAc, and CHOI,. 

m-Nilro-anilide Ph.80 1 .Nfl.C ( H,(N0 I ) 
[1:8]. [132’J. From m -nitre-aniline and PhSO,Cl. 
Fiat yellow needles (V). 

p-Ritro-anilide Ph.8Q,.NH.O,H ( (NO.,) 
[1:4). [139°]. From p-nitro-aniliue and 

Ph.SO,CI. Yellow crystals. 

o-Amido-anilide Ph.S() 1 .NH.C„H 1 (N]I 1 ) 
[1:2]. [168°]. From the o-nltro-anilide by tin 
and HC1 (L.). Needles {from 50 ji.e. alcohol). 
V. »ol. alcohol, si. sol. ligrmn, ii'llCl. 

' p-Toluide Ph.SO r NII.0„H,Mo [1:4], 

(12 0°]. From the chlorido ami p-toluidine 
(Wallach a. Hutb, Ji. 9, 427). 
m - Nitro-p-toluide 

Ph.80 r N 1 £.C„!ijMc(NO.J [1:4:3]. [99°]. From 
the preceding by nitration; or from Ph.SO^ci 
and nitro-p-toluidino (Lollmann, A. 221, 18). 
Cubes (from aleohol). Not attacked by alco¬ 
holic KOH. 

Di-nitro-p-tohiide 

Ph.SO r NII.C,.ir.Me(NO ? ). J . [178°]. Formed by 
nitration of the p-toluide. Yellow prisms, si. 
•ol. cold alcohol (Lellmann, II. 16, 695). Not 
attacked by alcoholic KOII. 
m-Aviido-p-toluide 

rh.SO,.NU.C„lI H Mc(NIi,) (1:4:3). [140-6°J. From 
the nitro-compound bv tin and HC1. Colourless 
neodles (from dilute aleohol); si. sol. water. 

di-phni if l-amide Ph.SO.NPh.,. [124°]. 
From PhSO.Cl and NUPh.. at'200 1 fWallach, 

A. 214, 220). Silk-liko needles (fionAilcohol), 
Sol. alcohol, ether, or benzene, ins.fl. water. 
Cone. U.jSO, forms a blue solution. Insol. 
HClAq. 

P henyl-hydra tide C 1 ,H,.N..O,S i.e. 
Ph.BO r NJl. ; Ph. Phenyl-benzt’.ne-sulphazUlc. 
Di-phenyl sulphaeide. il48°-150°]. Purina- 
Hon.— 1. ily the action of SO, upon diar.o-ben- 
ftene (Ka-nigs, 11 10, 1631; Wicsinger, 11. 10, 
1716).—2. From benzene sulphonic chloride and 

e .hydrazine (Fischer, A. 190, 132).—3. 

(cnzrmi-snlphinio ncid (q. v.) and phenyl- 
hydrazine hydrochloride (Estates, II. IS, 893).— 

4. By reduction of C.lI,.N : .SO,.C,H 1 with zino- 
dust and acctio acid, Preparation, Aniline is 
dissolved in alcohol saturated with SO,; the 
Solution is coiAsi-ttlow 0° and a cono. solution 
of about double the theoretiftil -uautity of KNO. 
is slowly added; alter standing for 24-36 hours 
precipitated by water; tlm yield is 80 p.o. 
Properties. -White felted needles (from alcohol). 
With NaOI'it it gives a vory unstable crystalline 
Mdiuni compound C„H n NaN,SO r Reaction.— 

By boiling with aqueous alkalis (t... baryta- 
wafer) it is decomposed into benzene sulphinh. 
Mid,benzene, and N,; Ph.N,Il,.SO,.Ph = PhH + 

1288 ?^ + N " ’ B ' 18 ’ 893 ' L * m P rioh *’ -®- ao > 
BENZENE-o-DISTTlPHONIC ACID C.H.S.O. 
C,U,(SO,H), [1:2], From amido-benzene 
JMnlphonic acid by sulphonation, diazotisa- 
WO, and boiling with alcohol (Drebes, 11. 9, 
|i*|s 



aldsd plate*. 

Amide 0, 

Beniens-m-dUalphonfo’ acid C,H,(80,H) I 

Format ion.— From amido-benzone p-sal- 
phonic acid by sulphonation, diazotisation, and 
heating with alcohol (Zander, A. 198, 8). 

Preparation. —When benzene or benzene 
sulphonic ncid is treated with fuming H,SO, 
both m and p disulphonio acids arc formed. 
The m acid is formed chiefly when the tempera¬ 
ture is low or when the mixture is kept at a 
high temperature for a short time only (Bucktou 
a. Hofmann, C. J. 9, 255: Barth a. Sonhofer, 
B. 8, 754, 1477 ; 9, 969 ; Limpricht, 13. 9, 650; 
Kflrnor a. Monselise, 11. 9,583). Benzene (1 pt.) 
is freed from thiophene by shaking with cone. 
H,SO„ and is then dissolved in fuming (70 p.c.) 
sulpliurio acid (1 pts.) at 40 a . The solution is 
heated for 2 hours at 275°; cooled; poured into 
water, and neutralised wi^h lime; CaSO, is re¬ 
moved by filtration, and the lime salts of the 
m and p acid may be separated by crystallisa¬ 
tion, the former separating first (llinschedler a. 
Busch, Monit. Scient. 1878, 1109; cf. Egli, B. 
8, 817; Heinzelmann, A. 188, 159). 

t Properties. —Very deliquescent crystals (con¬ 
taining 2Jaq). The alkaline salts are v. sol. 
water. 

Salts. —Na,A"4aq.—K,A"aq. S. 66-6 at 
M0°.— BaA"2aq. S. 44-2 at 100'’. Large 
prisms.—CuA"flaq: v. sol. water.—CuA"l.iaq.-— 
ZnA"4aq.-l'bA"2aq. B. (of 1’bA") 86-2 at 20°.— 
Ag.A". 

Reaction. —1. By fusion with potash or soda 
it is converted into resorcin. The acid is first 
converted into mphenol sulphonic acid (at 180°). 
Tim amount of resorcin formed by fusing this 
body (1 too!.) with potash (21 mols.) at 270° for 
10 minutes is 2-7 p.c., at 270° for 20 minutes it 
is 21 p.c., and at 250° for 30 minutes it is 20 pa:. 
When soda, or a mixture of potash and Boda, is 
used, tho yield is rather less (Degener, J. pr. 
128, 318).—2. By fusion with potassium cyanide 
the potassium salt is converted into C,H,(CN)„ 
which, when boiled with potash, gives isophthalio 
acid (Wislicenus a. Brunner, 11. 4,984; Boss- 
Garrick, Z. 5, 519; Ilarth a. Sonhofer, A. 174, 
238; B. 8,754; V. Meyer a. Miohler, 11. 8, 672). 

Chloride 0,11,(80,01),. [03°]. From 

sodium benzene disulplionate and PCI, or 
8,0,01, (Heumann a. KOchlin, 13. 16,483). Mono- 
symmetrical crystals, a'.b-.c - 1*1991:1; 0-8688, 
(8-85° 44' (Otto, B. 19, 2421). 

Amide C.H.ISO.NH,),. [229°]. Needles. 

Beniene-p.disulphonioaoid 0,H,(.SO,H|, [1:4], 
Prepared as above. The potassium salt distiller! 
witk KCN gives di-oyano-benzeue, which, on 
saponification, gives toraphthalic acid (Wislioonna 
a. Brunner, B. 4, 984). 

Salts.-K,A"aq: thin plates. 8. (of K,A") 
6G-G at 100°.—BaA"aq. S. (of BoA") 7-19 at 100°.— 
CaA"aq.—CuA'4aq.—PbA"aq. S. (of PbA”) 
24-9 at 26°.—ZnA''4aq. 

Chloride C,H,(SO,Cl) r [131°). Noodles. 

Amide C.H,(SO^iHJ r [288°]. Thin 
scales (from water). 

s-Bsnsexxe-tri-iulphoaic Mid O-H.ISO.H)^ 
[1:3:6]. Prepared by heating 5 pta. of thepoUftObai 
B&lt of tho mono, arm. di.snlnlinnljt uUvldi i ’ 



Vfi&fctQlMi S tub inwy •huwuuww m p w—y 
due to the prasenot of KHSO, or of potassium 
pyrosulphate. Bj heating the potassium salt 
with KCN the nitrile of trimesio acid CAfCOJI), 
is obtained. NaOII fusion yields phlorogluciu| 
The Ba salt is sparingly soluble in water. I 
8alts.-K^ #w 3aq.-Ua 1 A' , V-Ba 4 V" 2 6aq.-J 
PbJL'"4aq: slender needles, v. sol. water.— 
Ag,A"'3aq (Senhofer, A. 174, *243). 

Chloride : [184°]. A mi d e: f306°] (Jack- 
son a. Wing, B. 19, 898). 

Benzoyl-amide CJI,(SO..NHBz) 3 . [285’]. 

A n t/id«'C.H,(SO i Nl>hH),[*i37-]{J..47n.y,340) 

Derivatives of the sulplionic acids of benz¬ 
ene are described as—D iazobf.szkxk som'Honxc 
4CID (p. 405), SuLl’II(>-IIENZKNE-A/,< ‘XV-BKN'/KNK 
SULPIION1C ACID (p. 428), AmUH)-, linoMO-, BlaiMO- 
AMIDO-, BiuiMO-KITIK.-, CliLOJW-, I<>1»0-, Mf.TJIYL-, 
NlTBO-, Pl’.opVL-, 1JKXZKNK BULI’MONIC ACIDS. 

BENZENE DI-8ULPHGX1DE v. Puenyl 
Bknzene-thiosdlphonate. 

BENZEHE SUtPHYDRATE v. Phenyl u£u- 

CAPTAN. 

BENZENE THIOSULPHONIC ACID 

C ( ,)I j .S0 8 .81I. 

Preparation.— 1. By tho action of K1IS on 
benzene-suiphonic chloride.—2. By heating a 
solution of u salt of bcnzeiie-sulphinic acid with 
sulphur. 

Salts.—KA': v. sol. hot alcohol and water. 
—Na.V 1 'aq. 

Ethyl ether CJIj.SOj.SKt. Ethyl- 
phcnyl-di-sulphoxide. From the potassium 
salt and Ktlir. Colourless heavy oil. Insol. 
water, misciblo with alcohol and ether. Slowly 
volatilises with steam. On reduction with zinc 
and 11,80, in alcoholic solution it gives phenyl 
mercaptan and ethyl mercaptan. Boiling 
KOHAq gives benzeno suiphinic acid and di¬ 
ethyl di-sulphide (Otto, B. 15, 127). 

Ethylene ether A'jC.JI,: [85°). Formed 
by heating an alcoholic solution of tho Na or 
K salt (2 mols.) with ethylene bromide (1 mol.). 
Small thin silky needles. Without tusto or 
smell. V. sol. tanzene and hot alcohol, far less 
in oold alcohol. By wanning with alcoholic 
KOH it gives benzene suiphinic acid, ethane di- 
Bulphinic acid CJI^SOJI).,, and di-ethylene 
tetra-sulphide (CJl 4 ) t S 4 . By warming with 
alcoholic K1IS it gives the potassium salt and 
ethylene mercaptan C v H,(llS) r If tho a[co- 
holic solution is warmed with ethylene mer¬ 
captan, benzene suiphinic acid and di-ethyleno 
tetra-sulphide are produced. On reduction it 
gives primarily benzene suiphinic acid and 
ethylene mercaptan. By warming with alco¬ 
holic HjS it is converted into phenyl tetra- 
sulphide, ethylene sulphydraie, Ac. (ptto a. 
B&wing, B. 20, 2079, 2090). 

Phenyl ether C,H,.SO r SC # H*. Benzene 
di-sulphoxide. Diphenyl di-suIphoxule, [45°]. 
Formed by the decomposition of benzene sui¬ 
phinic acid (g. v.) by boiling water, or even by 
spontaneous decomposition (Pauly a. Otto, B. 

9,1C39; 10,2181; 11,2070). Monosymmetrical 
prisms, a:6:c -1-446:1:1*4709 (Otto, B. 15, 131). 
Reactions. —1. By saponification with alkalis 
it is decomposed into benzene suiphinic acid j 
wad di-phenyl-di-sulphide; 


\h) C | H,.SO r SG t H A + CjHj.SH 
C.Hj.SOjH + (OJIJjL 
The benzene-thiosulphuuic-phenji-ether react* 
k in the cold witli sodium phenyl meroaptid# 
according to tlio last cquatiou (5) (Otto a* 
Bussing, B. 19, 1235). 3. Zinc-dust added to 
un alcoholic solution gives zinc phenyl iner* 
captide and zinc benzene gulphiuate.—8. H,S» 
forms benzene Bulplunio acid, phenyl mercaptan,, 
phenyl tetra-sulphide, Ac. —4. Zinc phenyl mer* 
captuU added to an alcoholic solution gives di* 
phenyl di-sulphide and zinc benzene sulphi* 

• nnte.— 5. Phenyl mercaptan on boating form* 

| di phenyl di-Bulphido and benzene sulphinio 
acid. 0. Ethyl mercaptan at 115 gives di-ethyl 
di-sulphide, phenyl-ethyl disulphide, di-phenyl 
di-sulphide, and other products (Otto a. ltflasing. 
B. 19, 3137). 

BENZENTL ALCOHOL v. Orlho-neuiota 

ACID. 

BENZENYL-AMID1NE v. Bkxkamxdim, 
BENZENYL-1RI-AMID0-BENZENE 

0„H u N, w. Fb.C^ H >C„lI,.NJI r £1140*3. 
Amula-phcnylcnc-bcnzamuline. From bensenyl* 
nitre-pheuylone-diamine, tin, and 11C1 (Httbuer, 

A. 208, 809). Noodles, v. si. sol. water, v, toU 
alcohol.—1T2IICl. • B"2IlN0 r ~B"U i S0 4 2aq. 

Benzoyl derivative 

rh.C< N N U >C,U,NHI)z. [12S°-2U°]. Prom 

di-benzoyl-nitro-phenylene-diamino dissolved in 
HOAo by boiling with tin and 11C1 (lluhemantt, 

B. 14, 2053). Plates (containing uqjrom dilute 
alcohf). B'HCl: needles. 

BBffZENYL-(/3)-AMlD0-a-NAPHTH0L 

C„H„NO .... C„H.<^>C.C,I1.. Hitt’]. Prepuod 

by reduction of tho benzoyl-derivative of lb 
nitroso-(a)-nuphlhol (Worms, B. 15, 1816). 
Colourless needles. Sublimable. Sol aloohol 
and acctio acid, si. sol. water. 

Benxenyl-(a)-amido-(/3)-uaphthol 

0„H,<J;>0.C.H.. 

Formation.—1. As a by-product in th* r*> 
duction of 4 a )* n ‘B-o (/3)-naphthyJ-benzoata.-*- 
2. By* heating benzoyl-anido-(8)-naphtboL— 
(Bottchcr, B. 10,1930; C. C. 1881, 898). 

Properties. -Long colourless needles. Bah* 
linmblo. V. o. sol. alcuUjl q^ier, and bon MO*, 
si. sol. j>etroleunA.ether, in»ol. water. Dissolve! 
in strong acids. Its solutions have a beOuif* 
ful blue fluorescence. B'JijClJ’tCl,: 
needles. /,■■;* 

BENZENYL - (a) -AMIDO-NAPHTHYL XX*. 

0AFTAH [103*]. PoraMd 

by heating benzoyl- (a) -naphthy lamine (9 ptftl 
with sulphur (1 pt.) tor two hours (yield 10 fA) 
(Hofmann, B. 20, 1798). Obtained al*9 n 
oxidation of the tbiobenzoyl derivative of («£ 
naphthylamine C,Jl r N:C(BlI).0 4 H t with P'Oj iftt 
sium fcrricyanide (Jacobsen, B. 20, IdWJi 
Glistening colourless neodles (from olcdlU& 

V. sol. ether, benzene, and hoi alcohol, YefJ 






Bttittyl • (8). imiio. naphthyl mercaptan 

C^,<g>O.C^, [107°]. Prepared by 

l_it « ... 


mann, 73. 20,1803). 

BEBZEBYL. AMIBO. PHEBANTHBOL 

raasiNTuiiK.VE, 

BEBZEBYL-o-AMIDO-PHEBOL C„H,NO i.e. 
■Ph-C<^>C S H,. [103°]. (o. 315°). From 

o-amido-phenol and Dad or phthalic anhydride 
('«>m dilute 

alcohol). Insol. water, boI. dilute H..SO.. Split 
Z b jJ W « "‘ lo lwnzoic “Cid and o-amido- 
I'jH.PtCl Ita Ba t8 ar ° dccom P 08c<I l>y water.— 

BEHZEBYL-DIAMIDO.DIPHEBYL C„H h N, 
U C.H 1 .C<^ I >C.II 1 .C.H, [198°]. ‘From 
heneoyl nUro,, 10.1,phony,, tin, and glacial 
MOAo (lluhner, A. 209, 317). Plates (from 

alcohol).- B'lICI. -U' 1 iI 1 l’tCI,.-B'jH SO 

BUHIKB 1 "5 • AMID0 ■ phenyWe 

E V - J letfZENYI,-TUI*AMIDO-BKSZHNB. 

BENZENYL-AMIOO-PHENYL MEBCAPTAN 
C„H,NS i.e. [1:2J C,lI,<N >C Ph. [115=]. ( 0 ,330=). 

"i? S«i63 

^ ll j n Tr^' n ' 11 0 ' ,lct>ton,tril ° with sulphur (H s 
K the C » N , 1,ein ^ VOlVed )- 9 - In »mX; r a!^y 
am dn 1,e »z°yl chloride on mothonyh 

amrdo-phcnyl mercaptan.—4. From thiofeninin 
amhde and alkaline K.FeCy, (Jacoliso^B. 19, 

< 2 P t9 '> ia !><*« 

Ti.MiI in . ,BW h(,urB to boiling. The 

r, ™ A n!„„, , 8 ,!is 1 t " k -" t 

almost nnaltered on b„iC^,p“ "3 

19*0 B - 12 , 2359 ;• 13 7 

1286, licrnann a. l’iobst, 73. 15, 2033 *' ’’ 

BJ! EKZEMTt ' AMID0 ■ THIO - CRESOL « 

BENZENYL . AMIDO - THW - PHEBOt. 
BaniMn-auino-riiasTb msucu™. 

BBBZEBYX, . TKI . AMIDO . TOLUENE 

C|,H ‘> N - “• P 1 '-C< n H >O.H 1 M 0 .NH j . rj :l:3 ] 

SS HCl ^eTbe ^“f^niteo-toluidine, tin, 

*at«.-BkcL-DuA4 )- in8 ° l 

»** Z ™I.AMIDO- rOLDENE 
” -0< ^ N i>°.H,Me.NH, [J:l s'] (7), 

Fmm i-^ < *‘ , • C nH„N,Oaq. 
diamine, tin unci Hr/m n 1 f°^'^ , ^ ro * B »‘t°lyle n e- 

»~dla. (from“ cohS). ( 8m *“’ B ‘ U * W6 >- 


C,^„NS U CA(CB,)<*^0-C A ps^ 

W4.*Si»a,."SSS 


heating benzoyl-(B)-naphthylamine with sul-U Slender needles— B'HCl: tablesdeoom™° 

ss.a’SffwT''“Higsaj**? 

SfflZCTTi .ivrM -- I DI-BENZEBYL THI-AMIBE B * !ii ’' 4 " IDOnM ' 

OhH„N, i.e. !Ph.C(NH)},NH. [ 109 = 1 . Formed 
by bo/iinff hpnzftmiflino mllVi ». a u 


(p y inn 0 ia g Kb n „:'k mi l d r8,. With A ° A « 

*w?w? ZE u Y1, ' AMYL • FHENYLEBE - DI- 
AflUHE V. BENZENYL-PnENILENK-DIiMlvir 
AM f N E f™YL - BBOMO - PHENYLENE - DI- 

C,,H^rN 2 f.e. C,H 1 C< N N H >O.H,Br []:<]. 

%?? benzoyl-bromo-nitro-aniline by 
e t,on(Hbner, 73. 8 , c64 . 10 mo) s ,f 

B-H SO ln8 °' Water ' ~ B ' HC1 - - B'HNO,— 

8enzenyl-dicinnamVlene-di-amibe 

PhCH:CH.CH—NH. 

I/jjUjjN, t.«. I >CPh r207=1 

PhCHiCH.CH—N // [ 7 J ' 

J I> ! • d \: st 'J r yl - glyoraline di-hydride. 
rormod by heating di-bonzoyl-dioinnamyleno-di- 

arn.nr with potash m a sealed tube (Japp a 
ZTa' C /- r, ! k, 470, ■ Fftint y c,low erystals. 
fol Ftim 1 L “ -’IT* 6 hydrochloride, 

8 PlaU ' 10 "* 

c “NZENYE-ETHOXIM-CHLOBIDE 

C H.eehNOKt (125°) at 45 mm. ; (230=) at 
7 0 , V -®- (, t0 , u ) -9'26 (obs.). Colourless 

?''• V ' 80 - alcohol and ether, insol. water. It 

Forme l St | ab °. t i, 0 ' van “ wat6r ’ acidi '- and alkalis. 
Formed by the action o( NaNO, and IIC1 

C lT'cmi hN()Ft Cth i f r >-.—yi-am'doSm 1 
Nil the , ' N0 . rt ' > i lfi at ,n g With alcoholic 
Nil the parent substance is reproduced. Bv 
heating with sodium ethylate it yields benzenvl 7 

ethoxira-ethyl ether O.II^OBtJtNOEt (Tm- 
mann a. Kriignr, 73. 18, 727- 10571 1 

r. tr B ® NZENYI ‘ - ETH0XIM - ETHYL ETHEH 

i»r*^5 , KKsja,~ =S; 

ethojcim-chloride C. H ..C(NOEt)Cl with sodium 
ethylate. By HC1 it is decomposed into benzoio 
HVOFW ‘ llC ethyl-ether of hydroxylamine 
lijN.OEt (Ticmann a. Kriiger, B. 18 742) 

BEH2INYL.BTHYL.AMlbnTE^ C HK t. 
PhC(NEt).NH r From bonzamidine and*Etf 
(l inner a. Klein, 73.11,7), Oil.—(B'HCll PtCl 

di-bebzebyl-mWamid^dS 

SKTi^AMma. 

AM?M ZE ? TL ' ETHYL - FHEHYLEBE - DI. 

„ „ B ^f?!? YL ' ltETHOX IM-CHLOBIDE 
C,H s .CCl:NOMe. (225= uneorr.). V.D. 74-9*. 
Formed by the action of HC1 and NaNo’ 

cTcraaoS e *,w r i 0f ^jeenyl-amidoxim 
10571 rS 1,-1 i C ^ e B - 17, 1689 i 18, 

Sol’airnh'f !u d ‘ J a * Tol * tile with steam. 
water h ’ th * r ' ben, “°- “<* bgroln, insoh 

BKOTEMYL-METHYL. PHEBYLBR-DI- 

AaiHB v. B«»n»n.rsmMin. i... m T 



» <ya 4 <»H>aoAOH. *ftk x«o.A "«3 

BgrZIHYL-H AP HTHY LBN E-DIAMIHE H.SO,. 

0 11 H ll N,U.Ph0<» H >0 1 ,H.. [310°]. From 7^ 

benzoyl-nitro-(0)-naphthy]amine, tin, and HCl Jong noodles, v. c. sol. water. — AgA': white 
in presence of alcohol (Ebell, A. 208, 328)./ gelatinous pp. 

Yellowish crystals, si. sol. water, v. sol. aleohoifl liMction.- Tho silver salt on distillation 


, 208, 328)./ gelatinous pp. 

Yellowish crystals, si. sol. water, v. sol. alcohol/! It Met ion.- Tho silver salt on distillation 

Salts. — B'UCl. — B'ilNO,. — B'JHSO,. ~~ gives a ketono * Anhydro-tolyl-ketamine* 
B’C 4 H m I: small needles; NaOHAq or‘ho*t water j C* T 1I„,N 4 0 or 


removes the isoamyl iodide. I r 1T H N r r tt rn r w ri«T N1I \n w 

BENZENYL-OXAMIDINE is Bknzenvl-amid- ! * 4< ^ ^ ^ 4 •C,H 4 C^j 5 ^ 

ozin (q. vX [277°] which forms salts B"21IC1 aud B^I^PiGl* 

BENZENYL-OXIMIDAMIDE is Bcxzenvl- „ X th n 'T,, ooIo , ur '““ 

xuidoxj u (o. 5.1. needles (Moddard, H. 11,333; Bruckner, A.302, 

BENZENYL.PHENYL-AMIDINE t. I’nnxvL- 113 i, li,i,ln,:r - A ‘ '- 10 ' 337 )' 

■xmz.uh.ink, BENZENYL - PHENYL - THIURAMIDOXIM 

BENZENYL-DI-PHENYL-DI-AHINE r. Dx- C,H..C(NH.CS.NHC.I1J:N()I1. [Kir]. Formed 
phenyl- uknz-amii>ink. b y the oombmation of phenyl-tluo-earbimido 

BENZENYL-oPHENYLENE-DI-AMINE "j 11 , 1 benz-amidciiim (Krilgor, II. 18, 1000). 

vtjj rJtttea. v. c. sol. alcohol, other, and bonzeno. 

C„H 10 N 2 i.c. C U 1I 4 .C< N >C,II,. [280°J. BENZENYL-PHENYL-URAMIDOXIK 

Anhydru-bemoyl-di-amido-benzcne. From ben- ; C,II.,.C(NII.r().NIlC M liJ:NOIf. |Li5°J. Formed 
zoyl-o-nitro-aniline, tin, and HCl (Jiubner, A. j by the combination of phenyl cyanate with 
208, 302; 210, 328). Plates (from glacial I ben/.-amidoxim /Kruger, JJ. 18, 1059). White 
HOAc). M. sol. alcohol, si. sol. benzene and j plates. V. o. sol. alooliol, othor and bonceuo, 


water. insol. cold water. 

n ,„ S '“ 1 ‘ 8 •-»'nci.- B'jlI.PlCI.. - B'lIIaip- BENZENYL-TOLYIENE-DIAHINE 
BHNO,.-B jHjhO, llaq. wir n t 

Reactions. — 1. llcmoyl chloride at 200° C U H 1S N, i.e. C u II y C^ ^>C„I1,.CII, ] «sA J 

O II .1 .1 ...lil. . L J 


has no action.- 2. Heated with cyanogen 1 From bonzoyl<nitro-n-toluidino, tin, and 

wduJe and benzene, pale yellow crystals of UC 1 ( n fi i >llcr , A . 2UH, illfi). Also by boating 
l’h.C<‘ N v N '>C.II. [10C°] arc fortned (Iluwe, 1 acetophenone with otolylcnediamine (Laden. 
, r , .. .. , .... , burn a. lt.igbeimur, II. 12, 351). Crystalline, 

£’“■ 3 , 'v 77.,?: U f lh » l wiul< ‘ f 0 ™ 8 insol. water, v. sol. hot alcohol; may bo dii. 

C„H.,MeN,MeI, [Ml 0 ], whence potash forma tilled. 

C .Il.MoN.MeOH [152'], inaol. hot water, si. Salts. It'IICI: needles; si. sol. cold water 
sol. cold alcohol. It forms the follow- and almhol.-B'ASO,: needles; v. s,.aol.oold 
inr? crystalline salts: C,,li,MeN,MeCla<j.— water. 


jC , jH.Mi!N,Me'CI) 1 I’tCI,c—C'.II.MeNjMrlijYWO 0 ;. j Iteactimm.—l. Methyl MiJ* at 210° givea 
r”?,C„H,.UoN ! Meh<> l H nq.— | C ll H ll McN.M«I 1 1100“) whence KOU forma 
i. hthyl uutulc forms at Ind' C ls il htN 2 , mi. 1 c„U M M«N,Mc(jH [114°), insol. water, of whieh 


sol. water. It forms soluble crystalline sails 
B'HCl ami i:\II.SO,. -o. Kile,I unlike at 211) 


haw: the following salts are crystalline, viz.: 
C„U„Ma,N i C12a.|. - (C„II„Me.N..).,PtCl,.- 


tonna C„lI,EtN I KtI, flfiS-] wlienco hot potasli C 1 ,lii l Me,N'l.-C„H n Me,N..S(),lL ".Nitrous arid 
nherates [be crystalline ammonium base p]-o ( li)cesaiiitro*comii<HmdC„lJ lb (NO.,)Me,Nd)H, 
C„H,htN l Lt01I :l:i2'j, inso,. water and alkalis, (Jliihner, A. 211), 871) which firms* 

si. sol. cold alcohol, v. r sol. benzene and ■ pliUmoclilorido,(C„H 1 .(NO I )M,i.N..CI).l , tCl„and 
Iigroin. Its salts arc crystal line and not dc- reduces to an amido-compound. 2. Ethyl iodide 
composed by Ml,, Na,CO„ or cold KU1I, but at ;joo ' gives C 11 lI 11 Kt..N-I 1 fi2iH whcilM 


reduces to an amido-compound. 2. Ethyl iodide 
- . - ^ . «t 300' gives O u ]J„KLN a I, fl29 u J wheuo# 

hot potash liberates tho base. Salts.- (j„H,>,l N./)lt llf,:i") and its salts 
C „H hlNdstCldaii. - (C,,H,F.tN.I'.tCI) I'tSV C 1 ,H„V.t J N 1 ClHCi. iO, < H„Ht,NXPt01,.— 
-C„H,LtN.LtI. — C„H,htN 2 hlSt>,li aij.— C, ) ll ll i:t < N.I.-C, 1 ll„Kt 1 N,S(j!h aa. 

6. Jsoainyl Muh at 170°gives C„lJ,((!.ll„)N r BENZXVVr. „ TOLYf TOTVIENP M 

Balts. — B11CI. — B'lII. - B’ll.Ntv- BENZtNYL-p . TOUft, -JOI-YLENE - Dl. 

B'Jl a SO,2aij.—7. honmyl unluU at llio for 21 AMINE >C.C.II,. [BIG 0 ;. Needle* ox 

hours gives C l ,II,(C 1 ll„)N I (C,H„)I 1 [112]. The j . .. ... 

free ammonium base, C„ll,(C i U„)N ! C 1 H 1 ,OiI ; P?"®*; Forimd by reduction of benzoyl-nitro- 


■ for 21 | AMINE [1(10°;. Needle* of 


[81° and 92°j crystalliscft from alcohol,«nd is 
insol. water. Salts.—B'C jIIjjCI a<| (and 3a«j).— 
ByC.U.^PtCl,. B'C s H n NU v HN« l . (90°j.-~ 
8. Cone, nitric acul forma a nitro¬ 
compound, C,,H v (NOj)Nj, [196°].—9. H a S0 4 
forms an unstable sulphonic acid. 


tli-tolyl ami«<! with tin and HCl. 

Salta. -B'HCla<i.'—Byi, i{ S0 4 *;prism*(Ltll* 
mann, IS, 15, HA'l). \ . ' 

BENZENYL-XYLYLENE-DIAMINB 
C..H..N, U. C.H..C<*‘ u >C.H 3 Me, [Jd*Ji 


BENZENYL - PHENYLENE, DIAMINE-ye- [195°]. From henzoyl-nitro-zylidine [185°], tia, 

OABBOXYLIC ACID C^.< I ' N H >C.C.H,.CO^. ft'" 

Slender needle* (containing l]aq). Almost compound, crystallising in yollow noodle* [203T, ‘ 
« cl w u.w. Ti'Uf'l_UUIvn n' u an_ . 


inzol. in cold, v. soL in hot, water. Prepared 
by tho oxidation ot toluenyl-phenylene-diamin* 


S a 1 t«.-B'HCl.-Bdi NO,. 

B'H,C,O t . 


. ...... 

benicgrt- 
Needlea. —B'HC13aq 


ftitto-iylidine [178°]. 

(Bflbner, B. 10,1711). 

BENZ-ERYTHRENE O l4 H„ [307°-308°]. 
Formed in leading benzone through a red-hot 
lobe (Berthclot. J. 1800, 541; 1887, 599, G05;J 
Schultz, B . 11, 95). Small leaflets. Almost 1 
Insoluble in alcohol, difficultly soluble in hot 
acetic acid and in cold benzene. 

BENZ-FURIL C„H b O s i.e. Ph.CO.CO.C ( H a O. 
[41°]. From benz-furoin and Fchling’s solution 
at 50° (Fischer, A. 211,229). Yellow needles. 
V. sol. alcohol or ether (unlike furil). Volatile. 

Tetra-bromide C^HA^r*. [127 -128°]. 
fellow needles. 

BENZFURILIC ACID C,JI,A i.e. 
O^jO.CPhfOHJ.CO*!!. From benz-furil and 
woeous IvOll at GO’. Prisms (from a mixture 
j! ether with light petroleum). Turns brown 
it 108°. V. sol. ether, alcohol, or chloroform ; 
il. sol. light petroleum. Its aqueous solution 
(radually decomposes. The crystals in cone. 
IjBO, give a blood-red colour, turning brown. 
The oily residue got on evaporating an ethereal 
solution of benzfurilic acid gives with cone. 
H,S0 4 a reddish violet colour, water then gives 
ft blackish-blur pp., which dissolves in cone. 
11,80, giving a bluo colour (K. Fischer, A. 211, 


Tolerably strong 

Salt s.—A"Ag,: white amorphoot ppr-* 
A" t H^Ba 10aq (Griess, B. 18, 2420). 

* Imido-pbenyl-beni-glycocyamidln® * to* 

nh.c # h 4 .co 

died. HNrC^ | [1:31. Formed bt 

x NH.C„H 4 .NH 

heating cyanoarbimidamidobonzoic acid with 
o-phenylcne diamine (Griess, B. 18, 2414). Six- 
Bided tables. Nearly insol. water, alcohol, and 
ether. It has both acid and basic properties. 

Salts: A',Ba.—A'HIICl: white six-sided 
plates. 

BENZHYDRAHIDE v. Benzoic aldehyde. 
BENZHYDRAZOlN v . Tm-piiknyl-hydrazoIk. 
BENZHYDROL v. Diphenyl caumnol. 
BENZHYDROLENE C 13 II 10 . [210°]. Got by 
distilling succinate or benzoate of bcnzhydrol 
(Linnemann, A. 133, 1), is identical with 
tetra-phenyl-ethane (Zagumenny, J. R. 12, 
431). • 

BENZHYDROXAMIC ACID v. Hydroxyl. 

AMINE. 

BENZHYDRYL ACETATE v. Acetyl benz- 
nvimoL. 

BENZHYDRYLAMINE v. Di-phenyl-Car- 

BINYLAMINE. 

BEN ZHYDRYL-BENZOIC ACID t>. Exo-oxy- 


231L 

BENZFUROlN C.,11,,,0, i.e. Either 
Ph.CH(0H).C0.C,II 1 0 or C,U,O.CH(OII).CO.Ph. 
[187°-139' , j. From furfurol (18 g.), benzoic 
aldehyde (20 g.), alcohol (GO g.), water (80 g.), 
And KCN (4g.); by boiling for 20 minutes (K. 
Fischer, A. 211, 228, B. 13, 1339). Slender 
prisms (from alcohol). May he distilled. V. 
•ol. hot alcohol, ohloroform, or benzene, jj. sol. 
water or light petroleum. Alcoholic KOI Jtorma 
ft dark-red solution with bluish-green reflex. 

BENZOLYCOCYAMINE C,ll ? N,0 2 . Formed 
by boiling the dicyanide of wt-amido-benzoic aoid 
h>. p. 167) with KOlIAq (Griess, II 1, 191; 3, 
708; Z. 4,725; C, 728) or by the action of cyan- 
traide on an alcoholio solution of w-amido- 
benzoic acid containing Nil, (Griess, J3. 7, 675), 
Thin whito four-sided plates (containing aq). 
m aol. hot water, v. si. sol. ether, insol. NH^Aq, 
ioh aqueous mineral acids. Boiling baryta 
Converts it into w-amido-benzoic acid, urea, 
KHt, And nrnmido-benzoic acid. * • 

BaltsIttlCl.—B'.I l,PtCL 
BENZOL Y cOCYAUIDINE C,H,N,0, w. 

®<Sl C C^r„^ by the prolonged 


heating of ‘ ethoxy-cyanamul<£benzoyl * (t>. p. 
ite) with alcoholio Nil, at 100° ; or by the 
action of cyanamide on o-amido-benzoio acid 
(Griess, B. 1, 191; 2, 415; Z. [2] 5, 674; B . 
% 574; 8, 822; 13, 977). Nacreous lamime, 
sol. water, si. sol. boiling alcohol. Its 
nltrata forms narrow lamintr, v. si. sol. alcohol. 
lUtinoohloride: B'^I 4 rtCl r 
fi} m • Carboxy - phenyl - ben* - glycoeyamldine 
^ HN.C^.CO 

I ( . Formed from a 
<50JEUC^[ 4 .NH.C=--^N 
fhixture of * dicyanamidd-benzoyl-’ 
|v5-BN.O < H 4 .CO 

and m-amido-benzoio aoid by 
-N 


BENZYL-BENZOIC ACID. 

BENZHYDRYL CARBOXYLIC ACID v. Ero- 

OXY-BKNZYL-BENZOIC ACID. 

BENZHYDRYL PHENOL v. Di-oxy-di- 

VHENYL-METHANE. 

BENZHYDRYL-wo-PHTHALIC ACID V. Oxy- 

BENZYL-WO-PHTHALIC ACID. 

BENZHYDRYL-PR0PI0NIC ACID v. y- 0 XY- 

7-rnENYL-DUTYniC ACID. 

B ENZHYDRYL-PROPI0-CARB0XYLIC ACID 

V. OXY-CAKBOXY-PHENYL-PROPIONIC ACID. 

BENZIDINE and derivatives v. Dr-AMino- 
DipiiKNYL and derivatives. 

B ENZIL O, ,11, # 0, - CgHj.CO.CO.C.H,. Dl 
benzoyl. [95°] (Limpriclit a. Schwanert); 
(34G°-318° corr.) (Wittenberg a. V. Meyer). 

Formation. —1. By passing chlorine into 
melted benzoinC h H s .CH(OH).CO.C b H 4 + Cl,- 
C a H y CO.CO.C,Hj+ 2HC1 (Laurent, A. Ch. [2] 
69, 402).—2. By oxidising benzoin with nitrio 
acid (Zinin, A. 34, 188), and in small quantity 
by the air-oxidation of benzoin dissolved in alco- 
hohe potash C,,H, A + O •» C U H, A + H s O (Lim* 
pricht a. Schwanert, B. 4, 335).—3. Together 
with stilbene by heating stilbeno dibromide with 
water to 160°: 8C,H s .CHBr.CHBr C„H 4 + 2H-0» 
C.HvCO.CO.C g H 4 -*■ 2C a H 4 .CH:CH.C s H s + 6HBr 
(L. a. S., A. 145, 338).—4..Together with tolane 
by heating tolane-dibromide with water to 200°: 
• 2C,H 4 .CBr:CBr.C,H 4 + 2H,0 ~ 

C 14 H„0 3 + CA.CiC.CA + 4HBr 
(L. a. S., B. 4, 380).—5. From tolane-totra* 
chloride by heating it with glacial acetio add 
or with cone. ELS0 4 to 165°: 

C.H 4 .CCl r CCl r C g H 4 + 2H : S0 4 - 
C U H, A + 2SO, + 4HC1 

(Liebermann a. Homever, B. 12, 1975).—8. By 
heating benzoyl chloride with sodium amalgam: 
2CA-COCl + Na 2 -C 14 H l# 0, + 2NaCl (Klingst^ 
B. 18, 996). 

Preparation,—Benwin la heated with twice 



irompi la poured into walar, and the tonsil, 
vhich at onoe aoKdifles, is purified bj recryatal- 
isation from boiling alcohol. 

Properties.—-Crystallises from hot alcohol 
n transparent yellow needles; from ether, by 
ipontAneous evaporation, in large six-sided 
irisms. Insol. water, v. sol. hut alcohol and 
ether. The crystals are optically active, showing 
sometimes dextro-rotation, sometimes hrvo-rota- 
tion, but having uo hemihedral faces. Inactive 
in a fused state or in solution (Descloiseaux, C. C. 
1870, 41H). 

Reactums.—l, Benzil is readily attacked by 
reducing agents. Iron filings ami acetic acid, 
or sine and hydrochloric acid, acting upon the 
alcoholic solution, convert it into benzoin (Zinin, 

A. 119, 177). When heated with alcoholic potas- 

shim hydro? ulphide at 120° it yields a mixture 
of deoxybon7.oin (CJI ,.CM r CO.C HJ and benzoin 
(Jena, A. 153, 87). Sodium amalgam and water 
convert it into hydrob-inzoin (Ziuckc a. burst, H. 
8, 797). When a solution of benzil in moist ether 
is exposed in a scaled tube to sunlight the bim/il 
is reduced to lte.mil-benzoin C, .H , .O u [131 -13;V'], 
which separates in rosettes of white or pale yel¬ 
low crystals on the sides of the tube, whilst the 
ether ia converted into aldehyde. On melting 
benzil-benzoin, or on attempting to recrys- 
talliso it from any of the usual solvents, it 
breaks up into benzil and benzoin: C,.II,.0 B « 
2C U H,|0. * (Klinger, R 19, lKtili. 2. 

Benzil is very stable towards acid*. It may l»c 
toiled with fuming hydrochloric acid without 
undergoing change ; cone, sulphuric acid dis¬ 
solves it, and the addition of water precipitates 
it unaltered ; ordinary strong nitric, acid does 
not attack it. On boiling it with fuming nitric 
acid, however, it yields a mixture of two 
dinitrobemils, C M Il,(N0 a ) I 0„ which may ho 
separated by crystallisation: octahedral crys¬ 
tals [181°], si. sol. alcohol; and lamina* fM7°j, 
less soluble than the foregoing (Zngumenny, 
J. R. 4, 278). An isotlinitrobcnzil lias 

been indirectly prepared by the oxidation of a- 
or y- dinitro-dcoxybenzoSn; v. si. sol. n’cohol, 
m. sol. boiling benzene or glacial acetic acid 
(OolnhefT, J. II. 13, 29). A mononitrofanzil, 
C|fH,(N0j)0j [110°], has also been indirectly 
obtained by boiling 1 part of deoxv-benzoin 
with 8 parts of nitric acid (8.0. 1*2), or by 
adding benzoin to nitric acid (8.(1. 1*5) cooled 
to 0°. Yellow laminar or flat needles; m. sol. 
alcohol, more readily in ether. Hot alcoholic 
potash decomposes it into potassium m azn- 
benxoate and potassium w oxvhenzoate: 

2C, ,H,( N 0,19, + 4 KJIO «* 
NjfC^Hj.CO^K), + 2C.H % KO, + 2H,0. 

Tin and hydrochloric acid convert it into aim<In. 
dcoxybento'in, C I( H,|(N1I 2 )0 (Zinin, A. Suppl. 3, 
153).— 8. When heated with sodadifn*. benzil 
yields benzene and benzophenone, COfCJi), 
(Jena, A. 155. 87); distilled over heated litharge. 
it yields benzophenone (Wittenberg a. Y. Meyer, 

B . 16, 501).—4. When benzil is halted with an 
•aual weight of caustic potash or caustic soda 
dissolved in 20 parts of water, the benzil slowly 
dissolves, forming a benzilate (c. Bzxzii.ic acid) ; 
<y^CO.CO.C,H k + KOH - <C,H 1 ).C(OI 1 ).COOK. 
A«3D*1) quantity of diphenyl-carbinol is formed 


AbM& 

potash diSeolves tonsil with a violet colour; o& 
heating, the colour is discharged and the solution 
contains potassium bensilate. According to 
Klinger (toe. cit.) aqueous potash gives this colour- 
%lion only with benzoin, and then only when ait 
| it admit ted. When benzil is dissolved, without 
! heating, in very dilute alcoholic potash (4 grams 
KOH to the litre) and allowed to stand, with 
j exclusion of air, for about a fortnight, it is con- 
| verted into a mixture of twq compounds, C^IL.Oi 
[200°- 201°] (Himpricht a. Schwuncrt’s so-called 
j ethyl-dibensoXn) and C 4 Jl,,l), [282 j. The alco¬ 
hol takes part in the formation of these com¬ 
pounds : 2C 1( H in O ; 4 C.ll, i ()»C Ju ll-,0 4 4 !! 4 0, 
ond;JC M H, # O a + 20,11.0 0 JI l4 0 4 ♦ 411,0. These 
two substances can bo separated by reerystil- 
i lisation from alcohol, in which the compound 
j C^IIjjO, is the more soluble. The com poll nd 
j C*H.,0 4 is si. sol. boiling alcohol, si. sol. boiling 
; benzene, v. sol. boiling glacial acetic acid; de¬ 
posited from alcohol in colourless granular 
crystals with 1 mol. of alcohol of crystal lisa tion 
j which is expelled at 120° but not at 100°t 
crystallises also with 1 mol. of acetic acid and 
with benzene of crystallisation. The com- 
! pound CJI„0 4 is finally purified by dissolving 
! in boiling phenol and precipitating with alcohol; 

| yellow crystalline powder, v. si. sol. alcohol, m. 
j sol. boiling phenol (Japp a. Owens, C. J. 47, 
i 90 ; cf. also Bimprieht a. Hcliwanert, //. 4 885), 
Benzil also reacts with isopropyl alcohol: when 
| it is dissolved in a dilute lolulion of caustic 
! potash in isopropyl alcohol ( 2 : 100 ) and allowed 
: to stand for some months in a stoppered vessel 
ju compound C*,H n O ( [147°-148°] is formed; 
2 C u 1I, 0 O / 4 C,H.() - (!,,!! . s O, 4 O, a reduction 
taking place. C„H„O t forms very lustrous crys¬ 
tals, of Hiomhohedral habit, v. si. sol. toiling 
i.leohol (Japp a. Itaschen, C. ,T. 49, 882). —5, 
Benzil reacts with acetone in presence of cautitle 
potash, yieldingthccom])oundKace ton e-hen ail, 
C IT H t4 ,O f ; nnhydracctone-benzit, C IT II lt O # ; 
and nnhydracetono-dibenzil, C„H, 4 0, (u. 
ACKTOMMiKszir,, p. 32). With methyl ethyl 
ketone it yields m o th y 1-an h y d raet*to ne ben* 
zil, : colourless thin prisons [179°]; 

with dirthyl ketone, dimothy Imihya raee 
tone-ben zil, 0 |K H,«0, : rhmnhoidal platet 
(150°); with methyl propyl ketone, ethvl 
anhydrscotorft-benzil, 0„H, fc () f : ncedto 
[156 j; witli methyl hexyl he.tone., amyl-anhy 
dracetone-bcnzil, C lf !I, 4 0<: silky needle! 
[150-5°) ; nil sol. alcohol (Japp a. Burton., 0 . J 
51, 431).—6. Benzil react v-tifit'ammonux, ami 
also with aldrhydA and ammonia jointly, U 
form a number of well characterised comlensa- 
tion-eompounds (r. Bknzit., AMMosu-nKMVATTTiei 
or). Heated with aniline in a sealed tube at 200* 
it yields fan til -an i rule, C,Hj,C(N.C,IlJ.C0.0 4 ft 
[105°]. Yellow prisms, sol. alcohol (Voigt, / 
pr. [2] 84,23).—7. Warmed with (l,2,4)-tolylen4i 
diamine in alcoholic solution it forms diphiiiifi 
toluguinoralinc: 

r,H,.r:o h,n\ c.it..c-k v 

I 4- >c,7f r cn,= n i 
c.ii,.co bjsS c,n,.c-u / Z 

(Hineberg. R. 17, 822). Benzil also reacts with 
ethylene-diamine to yield a crystalline compound 
(Mason, li. 19, 113). — 8. Forms compound) 



TfifunyvwipwwWfMW Wfth .. . . 

B*n*il with fc«e %y&oxyl«#kB ui aqueon* 
alcoholic MMon at the ordinary temperature 
yields benzil-mono-oxim OeHj.CfN.OHJ.CO.O^j 
[ 180 °- 181 °], even when an excess of hydroxvl- 
amine is employed. Small square white leaf¬ 
lets, v. sol. alcohol and ether, si. sol. watet 
(Wittenberg a. V. Meyer, D. 16, 603). BoiI|<| 
with hydroxylamine hydrochloride in methyi 
alcohol, with the addition of one drop of hydro¬ 
chloric acid, a dioxim , (a) -diphenyl-glyoxim 
CA-C(N.OH).C(N.OP).C tf H i [237°) separates. 
Forms lustrous whito lamina), si. sol. methyl 
alcohol, alcohol, and ether. Dissolves in cone, 
caustic soda and is reppd. by acids. Sol. with 
difficulty in ammonia, the solution giving with 
silvor nitrate a yellow pp. (Goldschmidt a. V. 
Meyer, B. 10, 1017). If benzil, hydroxylamine 
hyurochlorido, and alcohol, acidulated with hy¬ 
drochloric acid, are heated in a sealed tube for 
several hours at 170°, an isomeric (&)-diphcnyl- 
glyoxim [200 IJ ] is formed. Whito needles, v. 
sol. boiling alcohol, si. sol. ether and boiling 
water. Hoi. caustic soda and ammonia. The 
(a)-compoundcan be converted into the (/^-com¬ 
pound by heating it with alcohol in a sealed 
tubo at 180°. The nature of this isomerism is 


tor Borne weak*,: an Mid, CL^jNO, (eolourlesi 
prisms, goL boiling water, melting at 196°), and a 
compound, G J( H l2 N,0 [196°-197°], are formed. 
The compound 0„H I2 N 2 0 forms lustrous pale 
yellow laminro or flat needles, si. sol. boning 
water and benzene, v. sol. boiling alcohol. It is 
feebly basio and forms with hydroohlorio acid a 
oolourloss salt which is stablo only in presence 
of oxcess of acid (Japp a. Miller, G. J. 61, 29). 
When benzil is heated with absolute alcohol 
and hydrocyanic acid at 200° for four hours, 
it is decomposed into benzoio aldehyde and 
ethylicbenzoate: CaHj.CO.CO.C,!!* + CJIj.OH^ 
C*H s .CHO + C m H j .C 0 2 .C ; .H 3 , the hydrocyanic 
acid apparently undergoing no change. Benzoio 
acid is also formed (Michael a. Palmer, Am. 7, 
191). Benzil and alcohol may also be inude to 
reaot to form benzoio aldehyde and ethylic ben- 
zoato by triturating benzil and potassium cya'.u 
| ide with alcohol; but in this caso a portion of 
; the bonzaldehydo is further changed into ben¬ 
zoin by the action of the potassium cyanide. By 
neutralising with sodium carbonate the small 
quantity of benzoio acid which is also formed iu> 
this reaction, and which would otherwise decom- 


not understood; hut analogous cases of iso- ! 
inerism have been observed in tho benzil and 
benzoin groups - thus benzil and isobenzil, by- ! 
drobenzoi'n and isohydrobenzoin (Goldschmidt, ! 
B. 16, 2177). By heating benzil with phenyl- j 
hydrazino on tho wator-bath, bonzil-Ji-phenyl* ! 
hydrazide, OJI 1 .C(N 3 H.C 4l H 1 ).C(N 2 II.C,lI 1 ).C a 'l[ J 
[226°], separates. Faintly yellow needles; v. 
sol. hot chloroform and benzene, si. sol. alcohol 
and ether. Gives a dark-violet colouration with 
oonc. sulphuric acid. Does not regenomte 
phonylhydrazino wheu heated with strong hy- 
droohloric acid (I'ickel, .*1. 232, 230).-%). Whon 
benzil in alcoholic solution is mixoif with an 
excosa of nearly anhydrous hydrocyanic acid 
and allowed to stand, large, colourless, talm- 
. lar, rhombic crystals of benzil dikydrocyanide 
O e H 4 .0(OH).CN 

I aro deposited (Zinin, A. 34, 

0,H 4 .C(0H).CN 

189). Tho samo compound is formed when an 
ethereal solution of benzil is mixod with pow¬ 
dered potassium cyanide and cone, hydroohlorio 
acid is added drop by drop, cooling during tho 
operation. M-dts at 132°, with decomposition 
into benzil and hydrocyanic acid. Insol. water 
and benzene, v. sol. ether and light petroleum. 
When dissolved in alcohol it is decomposed, 
even in tho o(44%^ benzil and hydrooyanio 
acid (Jacoby, J). 19, 1519).* Whon finely pow¬ 
dered benzil dihydrocyanide is mixed with a 
large oxcess of a concentrated solution of II Hr in 
glacial acetic acid and left for somo weeks, a solu¬ 
tion is obtained which by spontaneous evapora¬ 
tion deposits lustrouscrystals of di-phcnyl-Uirtra- 
C,H t .C(OH).CONH t .HBr 
mide hydrobromide ( 

C H v CtOH).CONlI i 

[186°] and theso, when decomposed by ammo¬ 
nia, yield tho free di-phenyl-tartramuie. V. sol. 
■doohol, v. si. sol. ether (Burton, B. 16, 2232). 
Pure benzil dihydrooyanide is not hydrolysed 
by oonc. hydroohlorio acid, but whon an alco¬ 
holic solution of benzil, to which an excess of 


pose tho potassium cyanide, 1 part of tho cyan¬ 
ide may bo made to induce tho foregoing change 
in 60 parts of benzil (Jourdan, B. 16, 658).— It). 
Benzil unites with nitriles in presence of cone, 
sulphuric acid, taking up the eletnonts of water. 
Thus when powdered benzil (l mol.) is sus¬ 
pended in cone, sulphuric acid, and propionitrile 
(2 mols.) is gradually added, cooling during tho 
process, a compound C . U H...,N.,0 ,[197 J 3 is formed: 
C, ,H lu O, + 2C,H 4 N + H,0 = C^H W N A- lus¬ 

trous, colourless needles; v. sol. hot alcohol. 
Boiling with dilute sulphuric acid decomposoa 
it into benzil, propionic acid, and ammonia.— 
With bonzonitrilo and sulphuric acid benzil 
yields a mixture of two compounds which can 
bo readily separated by moans of their very 
different solubilities in hot alcohol: C^ILjN.,0, 
[168°], analogous to the propionilrile derivative, 
v. sol. boiling alcohol, orystallisos from alcohol 
in efflorescent oblique prisms of the formula 
(C*H 2 .NA)-,<EUJH; and a compound C^H.jNO, 
(225 J J, almost insol. alcohol, v. sol. boiling 
phenol, b1. sol. boiling benzene, which crystal¬ 
lises from benzeno in microscopic, flat rect¬ 
angular prisms : *20, ( II 10 O 2 + G 7 H.,N + H.,0 =* 
C. H iI 2 ,NO, t- CgllyCO.jH (Japp a. Tresidder, B. 16, 
2652).—11. Heated with somo what more than 
tho equivalent quantity of phosphorus pcnla- 
chloride, benzil yields dichlomd>'oxybenzoXn 
( chlorobenzil ) C.Hj.CCLCOAHj [71°J. Short, 
thick rhombic prisms, ipsol. water, v. sol. ether, 
not so readily in alcohol. When heated with 
alcohol or water to 180 1 it yields benzil and hydro¬ 
ohlorio acid. Zinc and hydrochloric acid, acting 
on an alcoholic solution, convert the compound 
into deoxybenzoin; acetic acid and zinc-dust re¬ 
duce it first to deoxybeuzoin, and finally to stil- 
bene. PC1 4 at 200° replaces the remaining oxygen 
atom by Cl* yielding tolane tetrachloride, 
Culled, (Zinin, A. 119,177 ; J. 1880, 614; A. 
149, 374). 

Isobenzil.—1. A substance having the same 
composition as benzil is obtained by acting with 
sodium amalgam on a solution of bensoyl 
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eMorfie in enbydrooe sthe 
17*). OrdinorybonsU if tc 
time (Klinger, B. 16, 995). 
colourless tabular monoelinii 


colourless tabular monoolinio orystals, also lus- 
treat laminn or needles [I45°-15fi°], sol. aloobol, 
ether and CS. It is probably a polymeride oi 
benzil, for when treated with bromine it yields 


ether (Brigel, J., 1*S, beneU-sMahyde-zmstoeie rAhUMg, e.^, wl! 
if formed at the tame more readily onderetood if iho reeotionf of 
995). Itobenail forme latter elau are desoribed first, 
leiinie crystals, also lua- tBuonoKS or Bantm with Au»ron 
[145°-15fi°], sol. aloobol, -— 

robably a polymeride of Equation I. (vide sujtra ).—Bentil gives 
lions according to this equation to lone 


m 


C.^H^O, + Hr, C u H„0 ; + aC,H 4 .C-OBr. Heated 
with alcoholic potash it gives the violet coloura¬ 
tion of benzil ami is converted into benzilia acid 
together with a small quantity of benzoic acid 
(Klinger, loc. cit.\ also It. 19,1862).—2. Ily heat¬ 
ing benzoic aldehyde with sodium amalgam in on 
atmosphereof CO*, Alextcf (.4.129,917)obtained 
an oil (314° approx.) to which ho assigned the 
formula C u H„O r 8.0. ^ -1-104 (approx.). 

I\ It. J. 

BENZIL, AMMONIA-DERIVATIVES OF. 

Thoro aro four general reactions known, accord¬ 
ing to which compounds containing the dicar¬ 
bonyl-group —CO.GO—form condensation-com¬ 
pounds with aldehydes and ammonia jointly. 
As a knowledge of tlieso reactions is necessary 
to an understanding not only of the behaviour 
of benzil with aldehydes and ammonia, but also 
of that of benzil with ammonia alone, the gene¬ 
ral equations for these reactions will bo in¬ 
troduced at this stage. In the following equa¬ 
tions X'stands for the monad hydrocarbon-radi¬ 
cle of the dicnrlfonyl-compound, and IV for the 
monad hydrocarbon-radiclo of tho aldehyde : 

X'.CO 

L | +1V.CII0 fNII,- 
X'.CO 
X'.C -Ov 


X'.CO 

I +1V.CII0 + 2NIL- 
X'.CO 

X'.C NHv 


.V/ ' -.lllv 

II >C.R' + 3IL0. 

x'.c— a" 

X'.CO 

nt I + 2B.CHO + 2NII,- 
X'.CO 

K'.CH.NH.CO.X' 

| +211,0. 

IV.CII.NH.CO.X' 

Here the dicarbonyl-compound is broken np 
into two lialvca, whilst the two aldehyde-group ; t 
fcecorao directly united. Lastly: 

X'.CO 

IV. a i +k'.Cho+2NH,- 
X'.CO 

C.HjNjX'.IVO, + 2H,0. 

The constitution of the corn pound, of the ; 
hut-mentioned type ie unknown (Japp s. Street- j 
feild, C. J. 49, 155; Japp a. Hooker, 0. J. 
45, 878; Japp a. Wynne, C. J. 49, 464). j 

It will be ehown later on, that in the 
retetione of benzil with ammonia a part of the { 
benxil is first broken up with formation of; 
benzoin acid and benzoic aldehyde, which latter i 
then takes part, together with benzil and ! 
ammonia, in the final reaction. The benail- j 
ammonia reactions an therefore in reality 

T*. X 1 


zoic aldehyde, produced by tho deoompoeition 
of a portion of tho benzil, it reacts according to 
] this equation, yielding bentilam, C,,H|,NO (vide 
j infra). In tho ease of some other dioarbonyl- 
, oompounds.howevor.euch asphenanthraquinone 
! (q.v.), this reaction ooours with variouf free 
1 aldehydes. 

Equation II .—Benzil reaots aooording to 
this equation with formic aldehyde, acetic aide, 
hyde, isovaleric aldehyde, glyoxal, bciuoic alde¬ 
hyde (free), and p-oxybmioic aldehyde. The 
compounds formed are derivatives of gly. 

CH NH. 

ozaline || >CII. 

CH—N" 

Thus when benzil and formic ahlehyde are 
warmed with ammonia in alcoholic solution at 
about 49° diphenylglyoxaline is formed: 

0 ,11,.CO 

| i H.CU0 + 2NH,- 

c.n,.co 

C,H,.C—XII. 

I >011 + 811.0. (Tho excess of aloo- 
O.H..C —N" 

hoi sud ammonia is expelled by heating; til# 
base is extracted with diluto hydrochloric sold, 
precipitated with ammonia, and crystallised 
from hot alcohol. It separates from hot alcohol 
on cooling in long oblique crystals (mooosym- 
luotric), e id from cold alcohol by evaporation 
in short i"strou» crystals (also monosymmotrio, 
but not rcfernhlo to the sanio parameters). 
(227°J. Mon acid base. (0 1 ,U„N„lICi)„PtCl.: 
pale-yellow, amorphous precipitate, speedily 
changing into microscopio flat noodles (Japp, 
C. J. 51, 558)]. - When acetic aldehyde it 
substituted tor formio aldehyde in the fore¬ 
going reaction, mcthyldiphcnylalyoxaline, 
C,H,.C—Nil. 

II >C.CH„ is formed. (Orthorhombic 

C.H..C- Is" 

crystals [285’), \ sol. ether and bot alcohol. 
(C„H|,N„TiCl)„PtCl,2aq: yellow mieroeoopio 
needles (Japp a. Wynne)]. Tho bare forme a 
molecular compound with diphenylglyoxalint 
(J.)). Benzil, isovaleric aldehyde, and ammo* 
nia yield isobuiyldiphdylgtyoxaXine, 
C.H,.C~NH. 

|i ^C.CH,.CH(Cli,) r [Noodles 

[223 sol. hot benzene and alcohol. 
(C l< H„N„HCl) f ,PtCl,: amorphous yellowish, 
brown precipitate, or small crystals (J. a. W.l.) 
Glyoxal, as a dialdehyde, reacts with twice the 
proportion of benzil and ammonia, forming 
Utraphenylglycosine, 

CA-C—NH. ,NH—C.C.H, 

I >C.< t . [From hot 
O.H..C — H" *^N—C.C.H, 

alcohol in tufti of silky needles of the form ole 
C„H„N„C,H.O. Melts above 300°. Feebly 
basic (Japp a. Cieminsbaw, 0. J. 61, Win. 
Benzil, bent etc aldehyde, end ammonia yield 


eg 8 ft: 





I ’iO.Oja, (Bedxiazewiki, 
« OAC— S' 

B. IS, 1498). In a similar manner 
benzoic aldehyde gives poxylophine, 

C. H..0—NHv 

0 n / 0 ' 0 * H ‘ (0U) ' tTn,ts of colo f' 

less needles [254°-255°], v. sol. hot alcohol, sol. 
eanstie soda, forming a sodium compound. 
Heated with acetio.anhydride, it forms a mon¬ 
acetyl - derivative 0*111,(0,11,0)11/) (229°); 
needles, with a faint satiny lustre, sol. hot alco¬ 
hol. Distilled with sine-dust, p-ixylophino 
is converted into lophine (Japp a. Bobinson, 
0. JT- 41,82B)]. 

Equation III.— Illustrations of this equation 
are to be found in the reactions of salicylic 
aldehyde and fur/uraldehyde (pyromucic alde¬ 
hyde) with benzil and ammonia. Cinnamic 
eudehyde also reacts according to this equation; 
bat in this caso another reaotion, according to 
Equation IV., occurs simultaneously. 

Thus when equal weights of salicylic alde¬ 
hyde and benzil are dissolved in warm alcohol 
and the liquid is saturated with gaseous am¬ 
monia, the condensation eompound dibenzoyl- 
dioxystilbene-diamine separates as a crystal¬ 
line powder; 

CO.CJI, 

2C,H t (0H).CH0+1 +2NH,- 

CO.C.II, 

C,H ) (OH).CH.NH.CO.O,tI, 

I + 2H,0. 

0,H 1 (OH).OII.NU.CO.O.H, 

(It is purified by dissolving it in boiling phenol 
and precipitating with alcohol. Microscopic 

S lates, molting with decomposition above 300°, 
isol. in the ordinary organic solvent^ sol. boil. 


pairs,’yielding "first diaeetyUdicn 
C a H,(OH).OH.NH(O a H a O) 
stilbene-diamine I (crys- 

O.H 1 (OH).CH.NH(C a H a O) 
tnlline powder melting above 300 , k>L hot 
phenol, sol. caustio alkalis), and finally dioxy- 
stilhene diamine. The latter base is most con¬ 
veniently prepared by heating the tetra-aoetyl 
compound with cone, hydroohdorio acid at 120°. 
By heating the condensation-compound with 
benzoic anhydride a dibenzovl derivative, 
corresponding with the diacetyl derivative is 
obtained; it is a tetra-benzoyl derivative 
0,H ) (O.C,H,0).CH.NH(0,H,0) 
of the base, thus: | 

0,H 1 (0.0,H,0).CH.NH(0,H,0) 
Mioroscopio plates [246°-248°J, sol. acetic acid; 
sol. dilute caustic potash on long boiling, re¬ 
generating the condensation-compound. These 
various acetyl and benzsyl derivatives may also 
bo synthesised from dioiystilbcnc-diamino by 
treatment with acetic anhydride and benzoic 
anhydride. The dibonzoyl derivative thus pre¬ 
pared is identical with the original condensation- 
compound (Japp a. Hooker)). 

Benzil, furfuraldchydc, and ammonia also 
react according to Equation III.: 

0,^,0, r2C,H,0,+ 2NII, =»C,,II M N,0, + 2H,0, 
forming, however, two isomoric compounds of 
the formula 0„H B ,N,0,. Ono of these is an 
analoguo of the salicylic aldehyde compound; 
it is separated by means of its insolubility in 
alcohol, and purified by dissolving in boiling 
phenol and precipitating with alcohol. Crystal¬ 
line powder, v. sol. hot phenol, si. sol. glacial 
acetic acid. Theisomoric compound crystallises 
from alcohol in tufts of silky needles [240°] 


ing phenol, sol. oaustio soda, forming a sodium (J. a. H.). 
compound. By fusion with caustic soda it yields When cinnamic aklrhyde, benzil, and am* 
sodium bonzoate and sodium salicylate. Heated iconic are allowed to react in alcoholic solution, 
With dilute, hydrochloric acid at 210 1 it is a mixture of two compounds is obtained. Boil- 
hydrolysed into benzoic acid and dioxystilbcnc- ing alcohol extracts one of these, and the re- 
' C,H,(0II).CI1.N1I, ; maining compound, which is insoluble in 

diamine I ; small lustrous ; alcohol, is purified by dissolving in hot phenol 

O.H.(OH).CH.NII, | and precipitating with alcohol. The compound 

Uminie [180o°], v. sol. hot benzene; di-aoid soluble in alcohol is cinnimabenzil, C„H_H,0, 
base: the Pt salt, O l ,H,,N a O a ,2iICl,PtCl ( 4aq [infra). The compound insoluble in alcohol is 
forms thick, orange-coloured, rhomboidnl plates dibcnzoyl-dicinnamylenc-diamine and is formed 


with bevelled edgos, anhydrous st 190°. ' This 
base is, however, more readily obtained from its 
aeetyl-derivative (in/ru). When the condensn- 
tion-eompound is boiled with acetic anhydride 
Util it dissoftlv, 'vlibenzoyl-diaeetoxyshlbenc- 
C,H 1 (O.C 1 H a O):CH NH(C.H,0) 
Uamine I is 

0 a H,(O.0fl,O).OH.NH(C,H,O) 
brand (rhomboidal lamina (228 -227°), 


according to Equation III.: 

C.H..CO 

2C„H l .CU:CII.CHO + I +2NII,- 
C.II..CO 

C,H S .CH:CH.CH.NI1.C0.C,H, 

! 4 2H a O. 

C.H > .CH:CH.CH.KU.CO.C.H 1 
Crystalline powder, consisting of short mien- 
sol. * scojoio prisms * (264°), insnl, in the ordinary - 


toe tie acid); and by boiling this oompound for ; organic menstrua, sol. hot phenol. When heated. 


tight hours with aoetio anhydride the ben- 
»yl-groups are replaced by acetyl-groups 
fielding diacetyl • diacetoxyztilbene-diamine 
C 1 H,(O.C a H a O).OH.NH(O a H a O) 

I (prisma 

C,H,(O.C a H a O).CH.NH(Cl a H a O) 
»X6°-219°] sol. glacial acetie acid and aleohol, 
♦posited from latter solvent with 1 mol. of 
lcohol of crystallisation). This compound is 
tatra-acetyl derivative of the above-mentioned 
(M* By the action of oaustio alkali or cone. 


with a solution otpotashia methyl aleohol at 
it parts with the elements of benzoio acid and So 
converted into benzenyl-dicinnamylene-diatmne '' 
C a H J .CH:CH.CH-NH- .4 

‘L ..> CC A- Silky needle* M 
C,H..CH:CH.OH_ S" 

(223°), sol. benzene and alcohol. Monacid base; ~ 
Pt sail, (C aa H sf N a ,HCt) a ,PtGl a 2aq, forme a&y 
noodles. 

Equation ZF,—The above-mentioned I 
product of the reaction of olnnamiit i' 




9 ^*! + 0,H,.GH:CH.CH0 + 2NH, - 
OA-CO CjjH^NjO, + 2H,0. 

Crystallises from hot alcohol in two forms— 
•lender needles and minute short prisms [188 J, 

* aol benzene. A solution of potash in methyl 
aloohol, when allowed to act upon it in the 
cold, forms potassium benzoate and cinnidima- 
benrii, C*H M N s O,: 

0,^,0, + KOH - C IO R,N,0, + CJ^.COOK. 
Crystalline powder [283°], sol. hot phenol, pre¬ 
cipitated by alcohol. By boiling einnimabenzil 
with dilute sulphuric acia it is hydrolysed, yield¬ 
ing benzilimide (infra), cinnamic aldehyde, ben¬ 
zoic acid, and ammonia: C, ,H,„N,0, + 21LO - 
Bea^liS? 1 + + + N11, (Japp and 

Wynne). 

Reactions or Benzil with Ammonia alone.— 
Laurent, Revue Scient 10,122; 10, 440; Zinin, 
A. 84, 100; Zincke, B. 16, 800; Japp, B. 16, 
2636; Henius, A. 228, 839; Japp a. Wynne, 
a J. 49, 473. j 

By beating benzil with alcoholio ammonia j 
the following compounds are obtained: tmn- 
benzil , C n Il„N benzilimide, C :I 1I,,N(>,; 
benzilam, C„H lv NO; and lon/iine, C xl li„N 3 . At 
the samo time benzoio acid, ethylio benzoate, 
and benzamido are formed. This reaction was 
first studied by Laurent, who prepared the first 
three of the above-mentioned compounds, ascri¬ 
bing to them, however, inoorrect formula}. 

Benzil is dissolved in alcohol so that the 
solution is saturated at 40° ; gaseous ammonia 
is passed into the warm liquid to saturation, 
and the whole is allowed to stand for 24 hours. 
Prismatic crystals of imabenzil aro deposited, 
whilst benzilimide, benzilam, and the other 
compounds above enumerated remain in solution. 
If Blender aoioular crystals of bcnzilimido should 
separate they may be removed by warming with 
alcohol, in which imabenzii is soluble only with 
difficulty. The formation of imabenzii may be 
expressed by the equation: 3C„H, # 0, + 2NH,- 
O^HjjNjO, + CgHj.COOH + JLO. Imabenzii 
forms small lustrous orthorhombio prisms [194°], 
>1. sol. hot alcohol, decomposing on long boiling, 
and yielding among other products benzilimide; 
the beBt solvent is hot methyl alcohol. Boiled 
with dilute sulphuric acid JI vol. acid: 2 vols. 

. water) it is converted into benzilimide, benzil, 
and ammonia: 

CtoH^O, + H 2 0 - G„H 1; NO f + C M H„0,-fr NH,; 
whilst cold cone, sulphuric acid dissolves it, 
converting it into benzilam, bcnzaldebyde, ben- 
’ solo acid, and ammonia: 

C.jH-N.0, + H*Oa. » 

?!. C n H, ,NO + C 4,0 + C,H,Oj + NH, 

1 (Japp a. Wynne). The formation of - benzilam 
mis reaction was first observed by Laurent. 

■-Boiling with alcoholic potash converts imabenzii 
into benzilimide (Laurent). Acetic add and 
Mtic anhydride act like dilute zu’phuric acid, 
gdeoompoeing it on boiling with formation of 
Stwnrilimide and benzil (Henius). Heated tor 
( time to 140° it decomposes and melts, 
ng benzilimide, benzilam, and lophine, 
an odour of banaoio aldehyde is peroepti 


tom »pnpmOmrf tmUmOflSSoSm 

concentrated, a mixture of benzilimide and M- 
eijam. A similar mixture is obtained by heatiuf 
hctisil with aleoholio ammonia for some hours 
•t 100°, the imabenzii whioh is first formed 
b^ing converted into benzilimide and benzilam; 
at 130° lophine is also formed (Henius). The 
formation of lophine occurs according to th# 
equation 2C,,H 1 „0, + 2N1 i,« 

C.,H U N < + CJi v COOH + 2II/). 
Benzilimide and benzilam aro best separated by 
boiling the mixture with light petroleum, which 
extracts tho whole of the benzilam, depositing 
it on cooling, in rootles of prisms, and hardly 
dissolves tho benzilimide, which may bo puri¬ 
fied by crystallisation from hot alcohol. i?sn- 
eilimide is formed from benzil and ammonia 
aooording to tho equation— 

20, l H„0. + NH, - Cj.H^NO, + O.H^.COOH. 
Tufts of silky needles [137 -180°] (If.), sol 
hot alcohol. Concentrated sulphuric add 
dissolves it in tho cold, abstracting tho elements 
of water, and converting it into benzilam (L.W 
C 31 H„NO,-11^0*0,, II, ,N0. Heating with 

acetic anhydride produces tho samo effect (H.). 
Chromic mixture oxidises it to benzoio acid 
(If ). Benzilimide may sIbo bo prepared from 
imabenzii by Laurent’s method of boiling it with 
alcoholic potash. 

Benzilam (C ; ,H,.NO) may be obtained as 
above, along with benzilimide, and separated 
from it as already described, or it may be 
obtained eithor from imabenzii or from bcnzlli* 
mide, by tho action of cold cono. Hulphurio acid- 
Tho solution of imabenzii in tho cold acid is 
poured into water, when benzilam separates and 
may bo purified by rocrystallisatiou from alcohol. 
Most rea ily obtained by heating benzil with fused 
ammonium acetate in a flask over a fiame until 
the ammonium salt is volatilised (Japp a. Wilson, 
C. J. 49, 829, footnote); but as some lophine 
is formed at the samo time, the bonzilam mutt 
bo oxtracted by means of hot light petroleum, 
in which the lophine is practically insoluMiL 
The formation of benzilam from benzil and 
ammonia may be expressed thus; 

2C,,H. 0 O, + NH, - C„H 1# NO + C.H.COOH + H fi. 
Well-developed rhombic prismH (from a mixture 
of ether and aloohol by spontaneous evaponU 
tion (H.)>? colourTeBg when puro; thin lustrotti 
lamimr, sometimes iridescent, (from hot aloo* 
hoi); rosettes of prisms (from hot light petoQ* 
leum). [113°-114°]. Distils at a high temper** , 
turo without decomposite i (L.,. V.D. (air»Jf: 
10 23: calculated 10*28 (J.). With nifric add 
it yields a mono-nitro- derivative (ooedlet 
[178M82' 5 ] from benzene) and a dinitro- dedk. 
vative (II.). Chromic mixture oxidise* It to 
benzoic acid (H.). ■% 

The above reactions of benzil with ammonift| 
may be explained as follows. In the first 
a portion of the benzil is broken op aooonUo, 
to the following equations: 1 

(a) C.H..CO.CO.C.H,+H j O- 

CJ,H,.COOH + C,Il,.CliO; 

benzoio acid lien to lo s’dchyde 


W c a co.oo.o^,+E ton - 

C.H,.COOEt + OA*CHO; 

Etbylio ‘ 


H8l 


BENZHi, AiblOKIA-MSIVATIVBB C#. 


(•) 0 A. 00 .C 0 . 0 A + NH, - ' 
o!h*oo.nh,+c£h,.cho. 

Be&nmide 

These three compounds—benzoio acid, ethy- 
lio benzoate, and benzamide— are always forced 
in the reaction of benzil with alcoholic am¬ 
monia. (The benzamido may also be regarded 
as having been formed in a secondary reaction, 
from ethylio benzoate and ammonia.) Tho 
benzoic aldehyde, which is the by-product in 
evory case, then reacts, in the nascent state, 
with benzil and ammonia according to one or 
other of the following equations: 

G.H..CO 

(d) ( +C 0 II r CHOiNII,- 

C.IIyCO 
O.H v C- 0 v 

II )C(0H),0,H, + n,0. 

OJI..C-NIK 

Beuailloililo 

This reaction of an aldohydo with a dicarbonyl- 
corapound and ammonia, in which benzilimide is 
producod, is not known to occur in tho case of 
* free nldohydcH. 

If tho reaction occurs according to Equation 

I. of tho general reactions, benzilam is formed: 

air.co 

(«) I + C„H y C110 I Nil, a* 

CJIyCO 
CJI y C -Ov 

II \c.C,II 4 + 2II ; 0. 
O a II r O~N^ 

llmizllum 

These formuhe for benzilimido and benzilam 
account for tho readiness with which tho former 
iB converted into tho latter by the action of do- 
hydrating agents. ^ 

If the roaotion occurs according ts Equation 

II. , lophine is produced: 

CJIj.CO 

(/) I +C b H y CIIO-t‘2NH 1 - 
C # If y CO 
C,II,.0 - NIL 

' || >C.CJL + 311,0. 

C.11,.0 -N^ 

Lop hi no 

Finally, if it occurs ncamling to Equation IV., 
the product is inuibcn^il: , 

CJlj.CO 

tela | +C,lI i .CH0 + 2NH 1 - 

C.H,.CO C, 1 H !h N ! 0, + 2H.0. 

ci lmabouzil. 

But free benzoic aldolfyde, with benzil and 
ammonia, yields only lopliine. 

Tho foregoing equations express the forma¬ 
tion of tho various compounds obtained from 
benzil with alcoholio ammonia. The reactions 
in which tho complex compounds discovered by 
Laurent are formed thus really occur in two 
stages, of which the first consists in the forma¬ 
tion of benzoio aldehyde, the second in a bcnzil- 
aldehyde-ammonia condensation (Japp, B. 10, 
2686; Japp a. Wynne, C. J. 49, 477). 

BENZIUC ACID 0,^,0,- 
IC^H^jCtOHJ.COOH. Dijihenylglycollic acui. j 
[IGQ°] (Jena). 


atafcoUo potash0X00,00.0*+KOB- 
(0 < H i ),0(0H).C00K (Uefeff, A . 28725; Zinin 
A. 81,826).—2. By boiling diphenyl-bromo-acetii 
acid, (OgHJjCBr.COOH (obtained bypassing th( 
vapour of bromine over heated diphenyl-acetic 
acid), with baryta water (Symons a. Zinoke, A 
171,131). 

Preparation—l. Benzil is added to five times 
its weight of melted potash to whioh a little 
water has previously been added. The whole 
solidifies, owing to tne formation of potassium 
bonzilate (E. Fischer, B. 14, 326 footnote). The 
mass is dissolved in water, and the benzilio acid 
is precipitated by hydrochloric acid and recrystaL 
lised from boiling water.—2. It can also be pre¬ 
pared from benzoin. 15 g. benzoin, 20 g. KOH 
and from 250 to 300 c.c. water are heated in a 
current of air until everything has dissolved. 
The solution is extracted with ether to remove a 
small quantity of diphenyl-carbinol whioh is 
formed by the decomposition of the benzilio 
acid, and solid caustic potash is added. This 
causes the separation of nacreous lamina of 
potassium benzilate, which are removed by fil¬ 
tration, washed with a solution of caustic potash, 
and finally decomposed with sulphurio acid 
(Klinger, B. 19, 1868). 

Properties.— Small white monoolinio needles 
with a satiny lustro. Heated above its melting- 
point it turns red. Cone. H a S0 4 colours it deep 
red; the colour disappears on tho addition of 
water. V. sol. alcohol, ether, and boiling water; 
si. sol. cold water. Bitter taste. 

Reactions.— 1. Heated for several hours to 
180° it yields a deep-red liquid, and, on cooling, 
solidifies to an amorphous mass, from which, 
by treatment with alcohol, dibenzilic acid 
C*H w O s [196°], benzophenono, and other pro¬ 
ducts can bo isolated (Jonah—2. Chrotnic 
mixture oxidises it to benzophenone: 

(C < H,).C(OH).COOH fO = 

(Cjy.CO + CO a + U, 0. 

Benzophenono is also produced when silver 
benzilate is heated, either alone or with water 
(J.).—3. Heated with hydriodic acid (127°) to 
ISO’ it is converted into diphenyl-acetic acid; 
(C B H 4 ).,C(OH).COOH + 2111 - 
(C„H,),CH.COOH +1, f H.,0. 

Zino and hydi-ochlorio acid, and sodium amal¬ 
gam, are without action (J.).—4. Barium benzi- 
late, distilled with Jgth of its woiglit of soda- 
lime, yields di phonyi-carbinol: 

(C,H 4 ),C(OH).COOH - (C*H 4 ) a CH.OH + CO* * 

(J.).—5. Treatod with PC1 S it yields benzil 
chloride, C, 1 H u O a Cl, a heavy, colourless liquid 
(270°), which in contact with moist air is rapidly 
decomposed into benzijic and hydrochloric acids 
(Cahours, A. 70, 46). 

'■■Sal ts.—Benzilio acid is monobasio. 
C u H u O,K: v. sol. crystalline salt (Zinin).— 
(G t .H,,0 > a ) a Ba6aq: v. sol. crystalline orusts 
with a fatty lustre (J.); separates from alcohol 


in anhydrous needles (Symons a. Zinoke).- 
(OuHnOjl.Pb: pulverulent precipitate, obtained 
by adding load acetate to an aqueous solution of 
benzilio acid; fuses on heating to a red liquid 
(Zinin).—CuHnOjAg: easily decomposable pr«£ 
oipitate (J.). 

Kthylic bt'nsilate, C^HnOj.CjH,. Separates 

_ , x _ f _ as on oil when a solution of benzilio acid ift 

JVmaffcn. — 1. By warming beniil with i ethyl alcohol is saturated with gaseous HCl and 






. dflotrt with water. Kot ToUtO* without 
-anpoeitien (J.). 

Xtkyl-bmtiUe add , G l4 H, t 0„ isomeric with 
the foregoing, is s resinous substance obtain od 
bj heating benzoin in alooholio solution with 
■odium ethoxide at 150°. Scarcely soluble in 
potash and ammonia, save in presence of alcohol 
(Jena a. Limpricht, A. 165, 96). 

Dibmnlic acid, [196°], obtained by , 

heating benzilio acid to 180° (t\ supra), [ 
crystallises from alcohol in minute needles. It 
is an anhydride, and, by heating with water at 
180°, is converted into benzilio acid (Jena, 1J. 

386). F. It. J. 

BZNZILIKIDE t*. Bknz.il, aumoxia-deui- 

V A TIT KB or. 


fiasch(Ui» A. 898,80),—fi. Cam* produces, im 
heating, 0 # H v CCl r CCi r C,H l {Onuftowici, B. 17, 
888 ). 

. BEHZO - CUMIDE «. Phenyl auido-ccittl 
sJroNB. 

BENZO-FURILIC ACID v. Benkeuriljo aoid. 
I80-BENZ0GLYC0L i.e. 

pftl 0 ]* A crystalline substuneo formed by the 
electrolysis of amixtuieof benzene, alcohol, and 
dilute H*S0 4 (Uenanl, C. It. 91, 176). Sol. 
water, alcohol, and ether. Reduces Folding's 
solution and ammoniaenl AgN'O,. 

IH-acetyl derivative C # lf # (OAo) r [121°]. 
(300°). Insol. water, sol. alcohol and ether. 
DI-BENZO-HYDROQUINONE v. Di phenyl 

DI-OXY-rilKNVLENK I>I-EKT.'NE. 


BENZIKIDE t>. Benzoic aldehyde. 

DI-BENZIH1DE OXIDE v. Benzonituile. 

BEHZIMIDO- ACETATE v. Bknzonitkile, 
Combination 6. 

BENZIMIDO-BENZOATE v, Benzoxitkile, 
Reaction 6. . 

BEHZIMIDO. BUTYL-ETHER «. Br.xzo- 
NXTbile, Combination 5. 

BEHZIMIDO - ETHYL - ETHER o. Bkn/.o- 
nitkile, Combination 6. 

BENZIMIDO - HAPHTHYLAMIDE t>. 

NAI'UTHTL-nF.XZASnilIXE. 

BENZOANILINE v. Amido-hknzophfxone. 

BENZO-TRI-CHLORIDE C.H.Cl, i.e. 
O.HyCCl,. Mol. w. 196-6. (214°). 8.0. ** 138. 

Formation .—1. From benzoyl chloride and 
PCI, (Wohler a. Liebig, d. 8, 265; SehischkoiT 
a. Hosing, C.R. 46, 367 ; Limpricht, A. 134, 65 ; 
135, 80; Jil, 1866, ii. 468).—2. From benzyli- 
•deno chloride by chlorination (Cahours, C. It. 
60,703).—3. By chlorination of toluene (Naquct, 
O. R. 66, 407 ; 66, 482). 

Preparation.— By passing chlorine (3 mol#.) 
into cold toluene (1 mol.) expohed to direct 
sunshine (Schramm, B. 18, 608) or into boiling 
toluene. 

Properties.— Pungent liquid, insol. water, 
whioh slowly converts it into benzoic acid (the 
change is rapid at 110°). Alcohol at 130* forma 
benzoic ether. 

Reactions. — 1. Solium has no action.— 
2. Ag,0 forms benzoic anhydride. -3. A'lucousam- 
monia at 140* gives benzoic acid, benz.amide, and 
benzonitrile, reading thus: 0,11,001, + 1NH,- 
8NH,C1 + 0,H,CN.—4. Aniline forms di-phanyl- 
benzamidine,CJI > C(NC # If 1 ).NHC tl H,.—5. Reacts* 
with aromatic bases thus: C.H.CCL + 20,11.NXY 
- CJH,CC1(C,H,NX Y), + 211 Cl - 

c,h,.c<q$!;U£y C1+ 2hci : whenco K0U 

I___i 

tom the carbinol C,H,0{0H)(C.H,NXY),. Tl.o 
reaction requires presence of a metallic chloride 
or other condensing agent; it lakes place most 
easily with tertiary bases, least readily with 
primary bases. The products are dyes, the 
primary bases giving violet, the secondary 
and tertiary green, colours.—6. It acts simi¬ 
larly on phenols. C.H^CCl, + 2C 6 H,OH « 
2HCl + C,H,CCl(C,H,OH) r The products are 
converted by treatment with water into oarbinols 
ClHtC(OH)(C,H,OH) r the alkaline salts of which 
art colouring matters (Doebner, A. 217, 226).— 
7. Converted by heating with dry oxalic acul, 
first into Ph.CO.Cl, then into (Ph.C0),0) 


BENZOIC ACID 0,11,0. i.e. OJI v OO tt H. 
Mol. w. 122. [121*4°] (Schift). (219*2 oor.) 

(Kopp, A. 94, 303). S.O. « 1*20 (Mendeldeff); 
1*337 (Rudorff, B. 12, 250); 1*292 (Schrader, B. 
12, 562). 8. *160 at 0° (Ost, J. j>r. |2j 17, 232); 
*172 at 0°; *207 at 10°; *425 at 81°; 1*78 at 
75° (Rourgoin, /. Ph. [4] 30, 188). S. (other) 60 
at 15°. S. (alcohol) 47 at 15° (Bourgoin, Bl. [2] 
29, 245). H.F. 94,633 (Stwhnmim, J. pr. [2J 
36, 2). S.V. 126 (Ramsay). S.V.8. 11209 
(S.). R-o 64*21 (in a 6 p.c. bonzeno solution, 
KunouiiiliolY). 

Occurrence.— In various resins, ey. gum ben¬ 
zoin, dragon’s blood, st-orax, and balsams of 
Peru and Tolu (lllaiso do VigomVe, Traiti du 
feu el du sel, 1608; Liebig a. Wtthlcr, A. 3,249), 
In custoreum (Wohler, A. 67, 860), in the 
spindle treo (Euotnjmus curopuus). In putrid 
urine (Liebig, A. 60, 10H). In cranberries 
(Loew, J. pr. J2] 19, 312). In the higher boiling 
phenolic portion of coal-tar oils (Schulze, B. 
18, 616). 

Formation .—1. By oxidation of benzoio al. 
dehyde, Wnzyl alcohol, toluene, cinnamic acid, 
Ac.—2. In small quantity, by passing a current 
of dry CO* through a nearly boiling mixture of 
aluminium ohloride and benzene (Friedel a. 
Crafts, C. It. 86, 136H),~8. In small quantity, 
by the action of IP,80, and MnO* on benzono, 
especially when formic acid is added (Carina, A . 
148,51,69). - 4. By distilling calcic phi luihito with 
lime (Dcpouilly, Bl. [2| 3, 163, 469). -6. By the 
action of Jfi^SO, and MnO* on casein or gelatin 
(Ouckelberger, A. 64, 80).—6. By Turing potas¬ 
sium bengeno sulphonato with sodium formate 
(V. Meyer, B. 3, 112).—7. From henzonitrilo by 
8aponiIication.—8. Bypassing CO* into sodium 
in brorno-benzeno (KokuI6, A. 137, 129). 

l'reparation.— 1. Froip gusn benzoin by 
sublimation or by extracting with lime-water or 
aoetio acid (Mohr, A. 29, 178; Kehoole, Opusc, 
2, 23; Wohler, A. 19, 246; Loow, J. pr. 108. 
267; Ouicbard, Jil. [2j 19,357). Some varieties 
of gum benzoin contain cinnamic add, but this 
acid is absent from the benzoin of Siam or 
the Palembang benzoin from Sumatra; the 
latter yields 10 p.c. benzoic acid (Saalfeld, Ar, 
Ph. [3] 16, 280). Benzoic acid that has been 
sublimed from gum benzoin leaves a small 
quantity of oily residue when treated with 
aqueous Na^CO,; this oil consists of gualaeol* 
methyl benzoate, pyrocatechin, acetyl-guaiacol, 
benzyl benzoate, benzophenone, and benzoyl* 
guaiacol (Jacobson, Ar. Ph. [8] 22, 866),— 
2. From hippuric acid. Urine of horses or 




• .. ..... *, 

oxen ft 1«ft (k §em$4$f$ to poire//, whoa the 
hippario acid is split up into glvcocoll end ben- 
zoic aoid; milk pi lime is added and the liquid 
concentrated; excess of lime is ppd. b^ C0 2 , 
and the filtrate ppd. by FeXl,,; the ferric b<jn* 
zoftto is decomposed by HC1. Benzoic acid 
prepared in this way crystallises in plates and ; 
Smells of urine, but by sublimation it may be frefcd j 
from the smell and then crystallises in needles J 
(Dymoiid, Ph. [3] 14, 4(»3). - - 3. From benzo- 
tn chloride by decomposing it with water 
under pressure, with lime or baryta-water, or 
with ZnCL and glacial llOAc (2 mols.) at 100° 
(Jacobsen, B. 13, 2013).-4. From benzyl chlo¬ 
ride by boiling with diluto HNOj (Lunge a. 
I’etri, It. 10, 1275; <f. v. Bad, JJ. V. J. 231, 
638). 

Properties. -Needles or pearly plates. When 
pure it docs not limit under water, but slight 
impurities greatly affect its physical properties; 
the so-called salylic acid was impure benzoio 
acid (Kolbo a. Lautemami, A. 115,187 ; ICehulo, 
A. 117, 150; (irioss, A. 117, 34; Beiehcnbach 
a. Boilstein, A. 132, 301); Kolbe, J. pr. [2J 12, 
161). Volatile with steam (1 g. passing over 
with about 2,000 e.c. water). It dissolves in 
cone. 1I..80,, and is reppd. by water. It is not 
attacked by boiling dilute UNO, or CrO ;) (which 
convert cinnamic acid into benzoic aldehyde); 
its neutral salts give a huff coloured pp. with 
IV,Cl*. 

Jleactitma.- 1. Passage of the vapour through 
a red-hot tube gives CO, and benzene.—-2. Dis¬ 
tillation ii'itklime produces benzene.—3. Fusion 
with NaOll produces benzene (75 p.c. of the 
theoretical amount) and a little diphenyl (Barth 
a. Seulmfer, H. 12, 1250). -4. Fusion with KOfI 
produces chiefly p oxy-benzoic acid, but also o- 
ftiid m- oxy-bonzoio acids, oxy-iso-phtluilio aoid, j 
diphenyl o-, in-, and />- carboxylic retfk, and a 
brown amorphous substance (Barth a. Schroder, 
M. 3, 7UP). -6. MuOj, and II,SO, form CO,, 
formic acid, and small quantities of phthalic 
and tcrophthalic acids (Carina, A. 118,50; 
Oudoumtis, 'A. (2J 5, 8f).—6. Hydrogen peroxide 
and 11,80, produce salicylic acid (Hanriot, C. It. 
102, 1250).— 7. Vapours of benzoio aeid passed 
over heated cine-dust form benzoic aldehyde 
(Baovor, A. 110, 295).—8. Sodium amalgam 
reduces it to benzyl alcohol, ami benzoleio acid 
C,H 1# 0.j,aml an oil G,,11,(0, (Ktflbe, A. 118,122; 
Hermann, A. 132, 75).—9. PCl^ form§ benzoyl 
chloride. — 10. Distillation with KSCN or 
Pb(SCN), gives benzonitrile.—11. Benzene and 
P.,O t at 190° give l-mzophenono (Ivollarits a. 
Merz, It. 5,417).—12. 'OimcUiylanUine and P,0 4 
give CJI,.CO.C*H..NMe., fO. i ischer, B. 10,958). 

13. Chlorine produces ehloro-bcnzoic acids.— 

14. Bromine forms broino-bonzoic acids. —15. 
Iodine in presence of 11U), forms iodobenzoic 
acid. —10. Cone. 1INO, forms w-nitro-benzoic 
acid.--17. Fuming 1I,S0 4 forms sulphobenzoic 
acid.—18. In iho animal organism it is converged 
into hippuric acid und excreted in the urine 
(Wohler). -19. Cr.,F* forms di-fluoro-bcnzoic 
aoid (Jackson a. Hartshorn, B. 18, IUU3). 

• Salts. — Benzoic acid decomposes car¬ 
bonates, but an alcoholic solution of potassium 
benzoate is decomposed by CO.,. Calcium ben- 
loate gives on distillation benzophenone, and 
•mailer quantities of benzene, anthraquinone, 


and tetra-pH*nyl.m#ihan* (Kekutt */ TnntohJ. 
inont, B. 5, 999). Calcium benzoate distilled 
with calcium formate gives benzoic aldehyde. 
Potassium benzoate distilled alone or with 
sodium formate gives terephthalio and Iso- 
phthalic acids (Richter, B. C, 870; Conrad, B. 
(J, 1305). Cupric benzoate gives on distillation 
benzene, benzoic acid, di-phenyl oxide Ph./), 
phenyl benzoate PhOBz, and phenol (List 
a. Limpricht, A. 90, 190). Cyanogen bro¬ 
mide acts upon potassium benzoate thus: 
Ph.CO/C + CNBr = Ph.CN + C0 2 + KBr (Cahours, 

[ A. Ch. [8] 52, 201). Potassium benzoate when 

■ electrolysed gives K and benzoic anhydrido; 
in presence of excess of KOH acetylene is also 
formed (Bourgoin, Z. [2] 4, 500). 

Al a A s(OH);,aq : crystals (Sestini, Cicognani, 
a. Zavatti, III. [2] 13,488).—NII,A': deliquescent; 
on distillation it gives benzonitrile.—NH,HA'*.— 

| BaA' 2 2aq. — CdA' 2 2aq. — CaA' 2 3aq: S. 3-5. — 
CeA'jSaq. — CoAV2aq. — CuA'./Jaq : needles.—* 
i CrA 2 xaq.—CrA',:raq.-Cr A'/OH), 2aq (SchifT, 
i A. 124,109).—Fe.A',(OIJf 3 0aq: bulT-eolourod pp. 

1 —LnA', : 3aq. — PbA' a uq : plates.—Pb.V 2 2PbO.— 
Mg.V 2 3aq: S. 4-5 at 25°.— MnA' 2 4aq: large 
tint prisms, S. 6-55 at 15° (Seubcrt, J3. 20, 791). 

- -HgA', aq.—Ilg.A',. — NiA' 2 3aq. — ICA' 3nq.— 

: AgA': S. (alcohol) *5 at 20°. — NaA' aq.— 

■ SnA'.^aq.—ZnA' r 

Methyl ether C # H.,CO a Mo. Mol. w. 130. 
(199°) (Kopp); (195-5) ut 708 mm. (Stohmann, 
J.pr. [2] 30, 4). S.G. -- 1-10 (Kopp); -f 1-0802 
(Bruhl). S.V. 149-8 (Bamsay). S.H. *363+-00075*. 
H.F. 84,024 (8.). us 1-6289. B „ 0P30 (B.). 

• Formed by distilling wood spirit (1 pt.), ben¬ 
zoic acid (2 pts.), and 1J..SO* (2 pts.) (Dumas 
a. l’eligot, A. Ch. [2] 58, 50; Malaguti, A. Ch. 
[2] 70, 387; Carius, A. 110, 210). 

Ethyl ether C.II v CO/-:t. Mol. w. 150. 
V.D. 5-53 fcalc. 5-2) (Troost, C. It. 89, 351). 
(211-2° cor.) (Linnemann, A. 100, 208); (211*4°) 
(Stohmann, J. pr. [2] 30, 4). S.G. 1-0473 
(Biiihl) ; « 1-050 (L.). S.H. *374 + -00075f 
(B. SchifT, A. 231, 300). ll.F. 91,093 (St.). 
Us 1-517 (B.). B 08-82 (B.). Formed by 
saturating a solution of benzoic acid (3 pts.) in 
alcohol (2 pis.) with 1IC1 and distilling the 
liquid. Converted by Br at 270° into benzoio 
acid and cthylono bromido (Naumann, A. 133, 
199). Forms crystalline compounds with 
titanic chloride: BzOKtTiCl,.- B/.OKfc2TiCl 4 .— 

I TiCl,2BzOKt (Dcnmrvay, C. B. 70, 1414), and 
with aluminium chloride: BzOEtAlClj (Gua- 

• t'ivsou, I). 13, 157; Schcelc, Opuseula, 2, 141; 

| Dumas a. Boullay, A. Ch. [2] 87, 20; Wohler a. 

| Liebig, A. 3, 274; IVvillc, A. Ch. [3] 3,188). 

I Propyl ether C,U,COVr. (230°). S.G. ** 

| 1*032 (Li.); i- 1*025 (S*.). ll.F. 98,990 (Stoh- 
; maim, J. pr. f‘A 30, 4), S.II. *383 + *000751 
(SchifT, A. 234, 31)0). 

Isopropyl ether C B II,CO a Pr. (218°). 
S.G. 9 1*023 (Silva. Bl. 12, 225). According to 
Linnemann (.4. 161, 51) the ether splits up on 
distillation into propylene and benzoio acid. 

n -Butyl ether C/I^CO/^Il*. (247"3 cor.). 
S.G. w LOO. • 

Isobutyl ether. (234°) at 755 nun. 
S.G. u 1002. H.F. 105,628 (St.). 

Isoamyl ether CgH^.CO/ljH,,. Mol. w. 
192. (261°) (Kopp, A. 94, 311); (253°) (8U*. 
mann, J. pr. [2] 30, 4). VJ). 6*71 (calo. 6*6#» 



Troo*<7,a.w,Mi). oa &«***'- 
(K4* JJ.01 M70.048 (81). 

Formed by heating ethyl benzoate with iso- 
amyl alcohol at 280° for 60 hours (Friedcl a. 
Crafts, Bl. [2] 2,100). 

Oc/pl*f/ierC.li J .COAH 1J . (306°) (Zincke, 
A. 162, 7). 

Decyl ether C.H,.CO a C lt H r (over 280 3 ) 
(Borodin, J. 1804, 33k;. 

Cetyl etherGJl,.CO C lt ,U». [30 ] (Becker, 
A. 102, 221). 

Allyl ether CJI COC.H,. (212°) (Zinin. 
A. 96, 862); (230 ) (llerthelot a. <lc Luca, 

100, 860); (280) (Cuhoura a. Hofmann, A. 
102, 297). 

Ethylene ether iCJI .CO J.C.IL. [C7°]. I 
(860°). | 
Propylene ether (C^I^CO^CJI* [72; 

(800°). 

Isoumylcnc ether (C.H k .CO g } i C # H 10 .[133°] 
{Mayer, HI. [2] 2, 451). 

Other ethers of benzoic acid aro described 
as benzoyl derivative.. of the liydroxylio com¬ 
pounds from which they may be derived. 

Ilcfcrences .— V. also Aldkiiydo-, Amur)-, It no. 

MO-, BkoMO-AMIIK)-, lllluMO-.NlTHO-, UUOUO-MTIIO- 

oxy-,Bromo-oxy-, Butyl-, Ciiloiio., Ciiloro-ioou-, 
Ciiloko-oxy-, Cyano-, Fluor.*., Im>o-, I«>i>o.i*xy-, 
KlTIU>-,XlTBO-BCTYL-, NllliO oXY-,NltHo-l»l;.'l*YL-, 
OXY-, SULPHO-, DKNZnie ACI1». 

Orthobenxoic acid C b H>.C(OII) a . J)en:enyl 
alcohol. 

Ethyl ether C t H,.C(<>F.t) v (220 22.'* |. 
From benzotrichlorido and NaOKt at 100 
(Limpricht, A. 135, 87). 

Tri-acetyl derivative C tt H > C(OAe) 1 . 
From C^llj.CCl, and AgOAc. lleudily splits up 
into Ac.,0 and C b lljCO.OAc. 

Solpbinide of -enxoic acid v. 1uu>k of sul- 

PHOBKN'ZC C ‘CIO. 

BENZOIC ALDEHYDE C.H b O i.e. C„lI v .CO.II. 
Berualdehyde. Oil of bitter almonds. Mol. w. 
106. (179 ). S.O.V l'O-loa (llriihl); ^ 1 0501 
(MendelcelT, J. 1800, 7). S. *33 (Fhh.-kiger, 
J. 1875, 182). n„ 1*5021. H T 5105 (It.). 

H.F. 23,251 (htohmann, J.pr. [2] 30, 8). 

Formation. — 1. From almonds (q. r.).— 
2. By oxidation of benzyl alcohol (Cannizzaro, 
A. 88, 130), cinnamic acid (1 lamas a. Peligot, A. 
14, 50), and proteids (Guckclberger, A. 01, 00, 
72, 86;.- 2. By boiling benzyl ch.orido with 
water and nitrate of lead (Lauth a. Grimaux, A. 
148, 80), nitrate of copper, or sodium nitrate. - 
8. By heating benzylidene chlorido with water 
or alkalis ((labours, C. It. 50, 222).—4. By mix¬ 
ing bonzylidene chloride with cone. Ji,SO„ 
diluting, and distilling (Oppenheim, Z. [2] 5, 111). 

5. By passing vapour of benzoic or phtlmlic 
acid overheated zino-duht (Baeycr, A. 110,295). 

6 . By reducing benzoic acid wlh SnCI, (Phsart, 
J. 1802, 203), or sodium amalgam in slightly 
acid solution (Kolbo, A. 118, 122).—7. By dis¬ 
tilling calcium benzoate with calcium formate 
(Pirio, A. 100,104).—8. From benzylidene chlo¬ 
ride and silver oxalate (Golowkinsky, A. Ill, 252; 
or potassium carbonate (Meunier, HI. [2] 38,159). 

, 9. From toluene by successive treatment with 
GrO.CI, and water (Etard, C. B. 90, 534;.— 
10. From benzvlidene chloride, acetic acid, and 
2&GL: Pb.CHClt ♦ CH,.CO.H~ 

Ph.CIIO + CH,COCl + HCL 


Prmrttii6n.~h Boniy! chloride (1 ptd 
Is oohobatad at 100° with water (19 pta.) ana 
lead nitrate (1} pts.), a current of OO. being 

S as sod through the apparatus. The produot it 
iptilled and the light oil fractionated. It hi 
fhaken with a saturated solution of NaHSO» 
and the resultingorystalline compound is washed 
wgth alcohol, crystallised from water, and then 
decomposed by boiling aqueous N&-OO s (Lauth 
n. Grimaux, A. 143,80 ;Bortugnini, A. 85,183).— 

2. Crude bonzylidene chloride is heated at 
110 o ~l30° with an equivalent quantity of dry 
oxalic acid, the product is distilled w vacuo: 

rhCHCi { + n.c t o, - rh.ciio + 21101 + co, 4 co 

(Anschutz, A. 226,18). 3. A mixture of bonzvl 
chlorido (2 mola.) with benzylideuo chloride 
(1 mol.) obtained by chlorinating toluene till 
the S.G. is 1-175 is boiled with water aud MuO, 

(2 mols.) (Schmidt). -4. By heating bonzylidene 
chloride with aqueous KOII under pressure, or 
bv boiling it with milk of lime. 5. Bitter 
almonds aro freed from almond oil by pres¬ 
sure. The press-cake (12 pts.) is made into a 
paste with boiling water (110 pts); after 16 
minutes the paste is allowed to cool. The omul* 
sin is destroyed by boiling, and therefore a sooond 
quantity of the press cake (1 pt.) is mixed with 
cold water (0 pts.) and added to the first. After „ 
12 hours’ maceration the whole is distilled with 
steam. The yield is 2 p.c. of the press cako (Pet- 
t'-uknfcr, A. 122, 77; cf. Liebig a. Wohlor, A, 
22, 1). In this operation amygdalin is split Up 
by the tmoiranised ferment cnnilsin, the pro- 
duet: - being benzoic aldehyde, prussic acid, and 
I'lueoM*; 

C. B H,.NO n 4 21J .0«C f H.O 4 CNH + 2CJI u O,. 
Benzoic aldehyde bo prepared containa 
prussic acid, which appears to he combined in 
the form of the cyanhydrin C,.lI v (.!ilU il).CN| 
for a n ‘xtnre of benzoic aldehyde and prussic 
acid yields mothyhumno on reduction, while 
crude oil of hitter almonds yields ainido phenyl- 
ethane C,H .('II r C!I r Nll 2 ; again, a mixture of 
benzoic aldehyde and prussic acid, on treatment 
with chlorine, yields C # ll,CI.CO.Cl, while oil of 
bitter almonds yields, bv similar treatment, 
CJf a .CH(OJI).CO.N:< , Ii.C b H J (Fileti, (1. 9, 446). 
Prussic acid may bo removed by shaking with 
FcS 0 4 and lime or potash, or by digesting with 
UgO and water. The aldehyde is then purified 
by means of NallSO, as described under 1. 

Properties.-2 Colourless oil. It is not poi¬ 
sonous. It oxidises rapidly in the air, but the 
addition of a little prussic acid hindets 1110 oxida¬ 
tion (Dusart, Bl. 8, 459). It do.s not reduce 
Fehling's solution. . 

li*uti>'iis.— 1. Oxidised lo benzoic acid by 
air or other oxidising agents. Gone. HNO» 
however, forms (and a little 0 ) nitro-boilZM- 
debyde. 2. Aqueous *or alcoholic potash give# 
benzyl alcohol ami potassium benzoate.—8. Low’ 
over red dud pumice, it is split up info CO and 
j benzene (Jiarreswil u. Boudault, A. 52, 860).— 
4. PGlj forms benzylidene chloride (Cahottr*, A, 

S 70,39). COClj acts similarly (Kempf, J.pr, fljjjv 
1, 412;.—5. Chlorine forms benzoyl chloride 
ami a compound of that body with benzoic alde^'j 
hyde, C b iI,ClICl(0»z) (Laurent a. Gerbardt, fr*. 
1860, 489). Bromine acts similarly, forming 
, C,lI v CIiBr(OBz) [70°J (Liebig a. WbhUr. A. it 
[260; Claiscn, B. 14, 2475).-0. Suceinyt cht* 
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ride produce! succinic acid al»d benzylidene 
chloride (Bcmbold, A. 138, 189)—7. Sodium 
amalgam reduce! it, in presence of water, to 
benzyl alcohol, hydrobenzoin, and iuohydroben* 
Kota. — 8. Potassium cyanide produces benzofn. 
9. Aqueous HI (S.G. 20) at 280° reduces it t<* 
toluene (Berthelot, J. 1867, 316). —10. IL8 
forms thiobenzaldohyde. —11. Aqueous Ny ? 
forms hydrobenzamide (C U II ,C1I) ;I N 2 .—12. 
Ammonium sulphide forms thiobenzahlina 
CjiHuNH^—13. NH 3 and sulphide of carbon form 
NH,.CSS.N(C1I.CJI,) 2 .—14. With acetic anhy¬ 
dride and sodium acetate. , on heating, it forms 
sodium cinnamato (v. Pkukin’h Synthesis, p. 
108). The reaction probably takes placo in two 
stagoB: C,1J 5 CH0 + CH v C0 3 Na =» 

C (l H,.CH(OH .CH 2 .C0 2 Na~ 1 

H a O + OJIj.CIIiCH.COuNa.—15. With Ac s Oand 
sodium succinate it gives the lactone of 
CO a H.CII i .CH(COJI).ClI(01I).CJI s .-16. With 
sodium isobutyrate and Uobutyric anhydride it j 
forms C tt n v CH(OH).CMo. 2 .C0 3 H, v. Oxy-ihienyl- | 
VAi.Kiuo acii> (Fittig, A. 216, 119).—17. With i 
Ao a O and sodic butyrate at 100° it gives only j 
phenyl-angoho acid, whereas at 180° tho chief | 
product is cinnamic acid (Slocum, A. 227, ' 
63). — 18. The reaction PhCUO + CILXY- 
li/l + Ph.CILCXY takos placo under inlluenco 
of dry IIC1 or aqueous or alcoholic KOII on j 
condition that X or Y is of tho form CO.Z, c.g. j 
benzoic aldohydo acting on acetone, mesityl ! 
oxide, acetophenono, pyruvic acid, malonio other, 1 
and acnto-acetio ethor. Perkin’s reaction is of 
a similar nature. Occasionally intermediate ! 
compounds of the form Ph.CH(OH).CHXY are 
forinod (Claison, A. 218, 121). —19. Sodium 
malonato and Ao*0 react in tho cold, giving ol! 
CO, and forming cinnamic acid, ns follows: 
Ph.CHO > CH,(CO..U).»PhCH:C(C0..1I).. + 11.0 
« PhCH:CH.C(),ll'i CO, + H.,0 (Stuart *’■ J. 43, 
404).—20. Sodium isosuccinate and ac,() art 
similarly, forming phonyl-iso-crotonio acid: 

Ph.CI10 + CHMe(CO.,II).,*» 
rh.CH:CMo.CO J lI + CO,+ 11.0. 

21. Acetyl chloride and tine-dust form diacotyl- 
hydrobonzoVn ; while benzoyl chloride and zinc 
dust form di-bonzoyl-hydrobou/o'm (Paal, B. la, 


cin, and orcin act simOarly (Michael a. Ryder, 
B. 19, 1388; Am. 9, 130).- 28. (&)-Naphtkol 
left to stand for several days in the cold 
with an acetio acid solution of benzalde- 
hyde treated with a few drops of H01 forms 
di-(/9)-naphthyl benzaldehydate (di-naph. 
thyl-ortho-benzoic aldehyde) C.jH.CHjoC^H,), 
(205°J. It is a crystalline pp., si. sol. all ordinary 
solvents; insol. aqueous alkalis. By warming 
with acetic acid and a few drops of HC1 it is 
converted into the isomeric di-oxy-di*naphthyl- 
phenyl-methane C a H > .CfI(C 10 H ti .OH) i which at 
the same time loses 11,0, giving the compound 

CJI 1 .CH<2'“S*>0 (Claisen, B. 19, 3317).— 

29. Acetone in prescnco of aqueous NaOH pro¬ 
duces C a II 1 .CH:CH.CO.CH s and tho compound 
^IJyCIPCII.CO.CIIiCH.CrtHj. In general, com¬ 
pounds containing tho group CH..CO react with 
benzoic aldehyde, exchanging the 11, for CHPh 
(Claisen, IS. 14, 319, 2108; v. Bknzywdknk- 
acetonk).—30. Prussic acid forms mandelo- 
nitrile or tho cyanhydrii. of benzoic aldehyde, 
C h H..CII(01I) CM (u. Mandeuc acid). This is 
converted by alcohol and HC1 into mandelic 
i’nido-ether, C„lI..CJI(011).C(NIl).0Kt (Vulckel, 
A. 62, 361; Tiomann, Ji. 14, 1907). Benzoic 
aldchvdo (4 vols.) mixed with nearly anliydrous 
prussic acid (1 vol.) and shaken with alcoholio 
KOII forms bonzimide C,,ll, a N,()„ [107^], a 
fiocculent substanco, insol. water, alkalis, and 
acids (Laurent, A. Ch. [2J f»9, 397; 66, .193; 
Zinin, A. 34,188; IS. 2, 502; Gregory, A. 54,372). 
31. Hydrogen iodide forma a pungent compound 
C„H 1 h I, 0 [28°] insol. water ((ieuthera. Cartmcll, 
.4. 112, 20).—32. HO, forms a disulphonio acid 
j CJl,(SO s H) !; .CI10 (Engelhardt, J. 1864, 350).— 

\ 33. Ily treatment with a methyl-alcoholic 
: solution of sodium methylate a white solid 
' compound C - lI J .C(OMc)(OC : lI ; )(ONa) is 
• form'd. Tho samo body is formed by the 
action of sodium methylate on benzyl-benzoate 
or of sodium benzylatc on methyl-benzoate. 
By treatment with acetic acid it is split up into 
a mixture of benzyl benzoate, methyl benzoate, 

1 benzyl nloohol, and methyl alcohol.- 34. If 
bonzaldehyde is heated witli a small quantity of 


1818; 16, 636; 17, 909).—22. Heads with 
nitro-juxraffins thus: Ph.CUO +H.C(NO.).Cll 3 ~ 
H,0 + PhClI:C(NO,)('!!, (1‘riebs, A. 225,* 319).- 
23. A solution of aniline in cone. 11 Cl pps. 
yellow crystals of a molecular compound. They 
are only Btublo in prescnco of cone. HCl (Fibers, 
A. 227, 357). If SnCl, bo also present a com¬ 
pound (NPhHjHCl) ; .(C ; }I (1 0) J SnCl, is formed 

8 C.).—24. Anilimr fofm.s bonzylidene-auilino, 
,H,.CIf:N.C (i Hj; o-toluidint acts similarly. 
When heated in presence of HCl or ZnCl a 
aniline forms di-umido-tri phenyl-methane. 
Dimethylaniline in presence of ZnOl* gives 
0^1,011(0,11^ Me,), (Fischer, if. 10, 1623); di¬ 
methyl m- (but not o- or p-) toluidino behaves 
•irailarly (Fischer, B . 13, 807).—25. Ethylene- 
diamine forms (CJI v CH:N). : Cll,, [54°] (iiason, 
B. 20, 267).—26. (S)-Naphthtjj<tmine forms ben- 
■ylidftne-(|8)-naphtliylau»ino and then phenyl* 

naphthacviiUno dihydrido PhtTI< v ^ "|| ^>NIl 

(Claisen, .4. 237, 261).—27. Resorcin in pre¬ 
tence of HOI forms a resin C.,11^0, (Baever, 
ft 6, 25). Phenol , pyrocatcciiin , phloroglu • 


sodium benzylate. for several days at 100°, it is 
| slowly polymerised to benzyl benzoate. Probably 
the compound C a II.,.C(()C,H,) s ONa is first 
formed, and then decomposes into benzyl 
benzoate and sodium benzylate, which latter 
again reaets upon a further quantity of bonzal- 
doliyde, producing more of the intermediate 
compound, and so on (Claisen, B. 20, 616).— 
i 35. By boiling with ammonium formate it yields 
tri-, di-, ami mono- benzyl-amino and their 
formyl derivatives, together with other pro¬ 
ducts (Louehart, B. 19, 2128).—36. Ammonium 
sulphocyanide at 140° forms benzylidene-tliio- 

biuret C.HjClK^c^N’H [237’) (Brodsky, 

Jf. 8, 27).—37. Bcnzene-azo-benzene and ZnCl, 
forms 4 benzvlidene-bonzidine ’ C t!a H..,NjOj(?) 
[239'] (Barziiowsky, J.R. 1885, 366).—38. Acts 
| upon an alcoholic Bolution of sodium accto- 
aectic ether, forming [I27 3 j, sol. dilute 

alkalis (Michael, J. pr. [2] 35, 450).—39. Hy¬ 
drazine-benzoic acid, N II. r NH.C.II ,.00^11, forms 
benzyli lene-hydra/.inc-benzoic acid c„u,AO, 
[172’ uncor.) (liodor, A. 230,171). 
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Combination. — I. With bisulphite#. 
0,H t CH(OH).S0,Na4&<}. Small crystals, v. e. 
sol. water, insol. cold alcohol. Decomposed by 
boiling water, boiling dilate acids, or cold 
alkalis or alkaline carbonates (Bcrtagnini, A. 
85, 188). — C l( H s CH(OH).SO,K; lamina. — 
CJI 4 .CH(0H).S0,NH,a<i: formed by action of 
SO, on an alcoholic solution of hvdrobenzamide 
fOtto,A.112,305).—jc - H i .CH(0H).S0 1 ; 3 Ha2tt*j: 
from the Na salt and JLtuCl..—2. With SO, and 
aniline: (CJi s CHO) ; .(C,H u N),SO, (Schilf, .4. 
140, 130).-p-Tohiidine forms, similarly, 
(C y H # 0),(C H ll g N) _.SO r —A m i d o-ac i d s shaken 
with aqueous solutions of SO, and benzoic 
aldehyde form crystalline compounds, e.g. (from 
glycoco 11), CJi,.CH (0il).S0j,.NH s .CH,.C0.1I, 
and C ¥ H y CII(OU).SO s .Nli 3 .C b H 4 .CO,H (from 
amido-benzoic acid) (Sell iff, .4. 210, 123).— 
3. With inorganic salts. C.11,,0HCuCL(‘.') 
(Ekmann, .1.112, 175).-C.H u OkF, (Landolph, 
J.l 878,021). 

Oxim v. Beszaj.doxim. 

Phenyl-h y dr a z i d e C„TI S .C II: N.J I C„H 

[153°]. Formed by adding a solution of phenyl- 
hydrazine hydrochloride mid sodium acetate to 
an aqueous solution of hcn/aldehyde; the white 
pp. is distinctly visible with a solution of 1 [it. 
of benzaldehyde in 50,000 pts. of water (Fischer, 
71.17,571). Can bo crystallised from alcohol. 
Insol. water. Acetyl dcri r ativc C n Ii n N,Ac 
[120 J 3» long needles (Schroedcr, 77. 17, 2<J'.M»). 
Benzoyl derivative C„H.,.ClI:N.NUzPh : 
[122°]. Formed from benzaldehyde and u-bonzyl- 
phenyl-hydrazine. Very thin silky needles. 
V. sol. alcohol (Micliaelis a. Schmidt, 77.20,1717). 

Meth »/ 1-pkcn y l hydrazide 
PhMoN.NiCH.11). »102 o -10i-0 o J.—1. Formed in 
small quantity from the iiuthyl-phenyl-hydm- 
r.ide of phenyl-glyoxylic acid (y. v.) at 120 ‘. 
Benzoic aldehyde and methyl-aniline are also 
formed.— 2. Frorn benzoic aldehyde and methyl- 
phenyl-hydraziue in alcoholic solution. White 
needles (Wallach, A. 227, 352). 

Derivatives of Benzoic ortho-aldehyde are 
described as Benzylioknk derivatives. 

BENZOIC ALDEHYDE, AMMONIA-DERI¬ 
VATIVES OF. Tho most important of these 
are hydrobenzamido, amarine, and lophine. 

1. HYDllOBENZAMIDEC„II,(C tt lI J .CIl) 1 N\. 
Tribenzylidene-dUimine. [110°J. 

Formation. —By the action of ammonia 
upon benzoic aldehyde (Laurent, A. Ch. !2j 
02, 23; 60, 18), upon benzylid« no acetate 
C.H 4 .CH(O.C,II,0) 2 (Wickc, A. 102, 308), or 
upon bcnzylidene-diehloride (Engelhardt, A. 
110, 78). 

Preparation .—Benzoic aldehyde, which must 
be free from hydrocyanic acid, is left for roii.o 
days in contact with strong aqu<|ms ammonja. 
The crystalline mass which separates is washed, 
first with water and then with ether, and finally 
recrystullised from alcohol. Heat accelerates the 
action, but diminishes tho Yield. Equation; 
8C,H v CHO + 2NI1, = (C H S .CH) 4 N 2 + 3H,0. 

Properties. —Crystallises from hot alcohol in 
colourless rhombic octahedra, which* are gene¬ 
rally wedge-shaped. Insol. water: sol. alcohol 
and ether, lias a sweetish taste and is not 
poisonous. 

Reactions.— 1. When heated tor several 
baurs to 120°-130‘ > it is converted into the iso* 


merio amarine (Berta^nini, A* 88, 187). -By 
destructive distillation it yields lophine O tl H„N| 
(Laurent).—2. Boiling with aqueous potash 
converts it into amarine (Fownes, 2’. 1845, 263), 
jvhilst alcoholic potash breaks it up into ben*’ 
zoic aldehyde nnd ammonia. This last decom¬ 
position is also effected by prolonged boiling 
wuh alcohol alone. Fusion with potash pro- 
duces very complex decomposition, yielding 
among other products lophine. -3. Dilute acids 
! hydrolyse it readily on lulling, slowly in the 
' cold, into benzoic aldehyde and ammonia. Tho 
: ease with which this hydrolysis occurs is best 
accounted for on tho assumption that hydro* 
henzamido is tribenzylidene dianiine.--4. Dry 
hydrobenzamide absorbs gaseous hydrochloric 
acid. During tho process a non-nitrogenous 
substance volatilises, and tho residue, when 
i treated with water, yields benzoic aldehyde and 
ammonium chloride. If instead of treating the 
residue with water it is heated, bonzonitrilo and 
, benzyl chloride distil over, whilst a complex mix¬ 
ture of basic substances remains (Ekmann, A. 
112,151; Kuhn,.4.122,308). -5. It unites with 2 
mols.of hydrocyan iracid to form hydrobenzamide * 
d i hydrocyan id c, a yellow crystal lino mass molt¬ 
ing at 55’, which,when treated with hydrochloric) 
acid, is decomposed into benzoic aldehyde and 
plienvlamidojieetonitriie : C. !l H„,N. ift 2HCN i H z O 

- C il u O + 2C„H 1 .CH(NIl. < .).CN, tho latter com¬ 
pound being subsequently hydrolysed to tho 
corresponding acid (Plochl, 77.13, 2113). Under 
other conditions the benzoic aldehyde ami 
phenylamidoacetonitrile thus formed may unite 
with elimination of water to form ben-oyl-aw • 

: tide, CY.H.jN*. thus: C,H # 0 c H(Nll.).CN 

- U, .H 12 N 2 1 lf a () (IliK-.hl, U. 14,1142). When 
an ethereal solution of hydrobenzamido is mixed 
with 1 m^l. of hydrocyanic acid, and gaseous 
hydrochlono acid is passed into the liquid, a 
hydrochloride of thomonohydi ooyanidoof hydro¬ 
benzamide, C I1 H IB N..,HCN,HC1, separates. On 
boiling this precipitate with concentrated hydro- 
chloric acid, it is decomposed into benzoic 
aldehyde, ammonia, and the liydrochlorido 
of an anhydrido of tho formula 0 |ri ir,,N 2 0: 

(\ l ]l„N w m;\fi:H,0-.0 li lf I ,N > o mj.ii,. niu+Ml* 
The free anhydride melts at 161 ; and sublimes 
1 without decomposition; tile acid C, A ll, H N z O, 
melts at 120*(Plochl, 77.14, 1133).—6. Dissolved 
in absolute aJeohoband treated in tho cold with 
3 p.c. sodiifln amalgam it yields bmzylidcnc-di - 
benrylinvdc C,Il v Cil(NH.(' H z .C„Il ,) 2 . A stronger 
amaigam, aided by heat, converts it into 
Ik n/vlamine and toluene (O v i sober, /7.13,748). 
7. Hydrobenzamido »is also acted upon by 
chlorine , sut/ihurou s’ anhydrulc, sulphuretted 
hydrogen, ami ethyl v tide, but tho reactions 
are not of importance. • 

2. Amarine : C zi H,*N*. Isomeric with hydro- 
henzamido. Probable constitution: 

CJL.C.NHv 

U >CII.CJlj (E. Fischer, A. 211, 217; 

; CJI..C.NIK 

Japp a. llobinson, C. J. 41, 323); or 
CJL.CH.NHv 

| (Claus, B. 15, 2338). 

CJ^.CH-N^ 
i [100 ). 

Formation.— 1. By tho action of ammonia 
i upon an alcoholic solution of benzoic aldehyde 
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(Unrant. 0. S, 19,853).—*. By boiHng hydra- 
bentamide with aqueous potash (Fownes, T. 
1845; 268).—8. By heating hydrobenzamide to 
120°-180° (Bertagnini, A. 88,127).—4. Together 
with lophine by distilling the double compound 
of benzoic aldehydo and ammonium hydrogen 
sulphite with excess of slaked lime (GOssmapn, 
A. 93, 82'.)).—6. In small quantity when am¬ 
monia acts upon a mixture of benzoin and 
benzoic aldehyde :-C M H+ C,H # 0 + 2NH,= 
C„H u N a + 31L0 (HsdziszcwBKi, B. 16,1495). 

J'ruparafjkm.- llydrobenzamido is heated 
from 2 to 4 hours nt 120°-130°. The vitreous 
mass thus obtained is dissolved in boiling alco¬ 
hol, and an excess of hydrochloric acid is added. 
The amarino hydrochloride, which separates in 
white crystals, is purified by reerystalUsing from 
boiling alcohol and is then decomposed with 
ammonia. 

iVo/wThVs.—Deposited from alcohol in lus¬ 
trous prisma. Melts at 100 J (Fownes), but by 
boiling for some time with water, is converted 
into a grunulur substance melting as high as 
120°. This modification is reconverted into 
prismatic amarine, melting at 100 s ', by recrystal- 
lisation from alcohol (Claus, 7). 1H, 1078). 
Iiisol. water, v. sol. alcohol ami ether; tho alco¬ 
holic solution having uu alkaline reaction. Has 
a bitter taste, which is noticeable only after a 
time. Very poisonous. Combines with acids 
to form sparingly soluble salts which have 
an intensely bitter taste. — C s ,Ii M N sl HCl. 
Needles, sparingly soluble in boiling water. 
— (C J1 ll ls N.JICI),.riCl l . Yellow crystalline 
salt (dossmann). — C M II W N„1II (Borodino, 
A. 110, 79). — C..,H l „N..,HNO, (Fownes). 

(0„H 1 ,N.),H,S0 4 + (Groth, A. 152,122).— 
(C. i ,H ls N..) .,ll .Cr i 0 7 . Yellow precipitate, almost 
insol. water. g, 

licactions. 1. By destructive distillation it 
yields ammonia, toluene, and lophine, C,.,H, n M., 
(Fownes; v. alsoBadzis/.ewski,77. 10.70).-*-2. llv 
limited oxidation, us when the chromate is boiled 
with glacial acetic acid, it is converted into 
lophine: C.. 1 H 1 h N 3 + ()xx0 2i H 1# N 4 + II..O (Fischer 
A. Troschke, 7). 18, 707). Excess of chromic acid 
oxidises it to benzoic neid. 8. When a hot alco¬ 
holic solution of amarine is acidified with acotio ! 
Acid and a hot concentrated sol nt ion of an alkaline j 
nitrite is added, nitivso-amarine, C,,H 1? (NO)N,, I 
separates, and, by recrystalli^ition alcohol, 1 
may bo obtained in rhombio tables, which, ! 
when heated to 150°, decompose with formation • 

of lophine (Borodino, 7>’. 8, 984)_4. With ; 

nitric acid iif thb«cold, mononitro-amarine, < 
0 ;1 1I,.(NO, ; )N._., is formed T hot nitric acid con¬ 
verts it into dinit ro-amari* if, C I1 II u (Nt\.) 2 N r J 
The latter compound yields, with reducing ; 
Agents, diamido amarilie, C. 2l H u (NH..) i N 2 . Balts 
of these nitro- and amido- bases have been pre- ■ 
pared (Claus a. Witt, B. 18, lfi70).-6. With 
acetul chloride an etherenl solution of amarine i 
yields a product which, when treated with j 
Alcohol, is separated into amarine hydrochloride 
And diaootyl amarine, C 7l H, 4 (C..II s b) 3 N a [208°] j 
(Bnhrmann, J. pr. [2] 27, 295).-6. Amarine ! 
reacts with the halogen compounds of the alkyls '■ 
to form substitution- and addition- compounds, j 
Thus when amarine, methyl iodide, and ether ■ 


Ammonia if without Action upon this Mil, bat 
Alcoholic potash liberates raethyiamarine Q64°]« 
When amarine is heated with methyl iodide, a 
dimethylamarine hydriodide, C-,H u Me a N„HI, is 
formed. Like the monomethyl compound it if 
not decomposed by ammonia; by treatment 
with alcoholic potash, dimethylamarine [146°) 
is obtained, and this base unites with hydriodio 
acid to form a hydriodide isomeric with the 
foregoing and differing from it in being decom¬ 
posed by ammonia even in the cold (Claus a. 
Elbs, B. 13, 1418). Dimethylamarine and the 
other dialkyl-amarinos do not combine with the 
halogen compounds of the alkyls. 

Further derivatives of amarine. — KthyU 
amarine, C 2I H l7 EtN 2 [163°] (Claus a. Scherbel, 

B. 18, 3080); dicthylamarinc, C^H^Et^N, 
[110°-115°] (Borodine, A. 110, 82 ).—Benzyl- 
amarine, C, M H 17 (C.H 7 )N 2 [123°-124°]; dibenzyU 
amarine, C 2 ,H l# (C.iL).,N 2 [139°-140°j (Claus a. 
Elbs, B. 13, 1418; Claus, B. 15, 2330; Claus a. 
Kohlstock, 77. 18, 1819'.— Ethylbcnzylamarine, 

C. ,H lli Kt(C J JI ; )N a [135 J ] (C. a. K.).-Hydro- 
mcf/o//6cu^//ifawnrmc,C i . 1 H IH Me(C 7 H 7 )N 2 0 [208°]; 
hydrotrimcthylamarine, C 2I 1I 17 Mo 3 NX) [158°] 
(Claus, B. 15, 232fi). — Other derivatives : 
C.,H„ ( N,.(C J H 1 0).OEt; C, 1 H„N,(CO.,Et) 1 ; and 
C. J ,H„,N..(CO i .Et)(CONHEt) (Bahrmann, J. j)r. 
(2J 27, 295). -Amarine-silver, C 2l H,,AgN 2 (Claus 
a. Elbs, 77.1G, 1272); dianuirine silver nitrate, 
(C 21 H l(( N 2 ) 2) AgN0 3 aq [218°] (C. a. K.). 

When amarine silver is mixed with one mo¬ 
lecular proportion of an alkyl-halogen compound 
(the latter diluted with benzene) and allowed to 
stand in tho cold, a doubleeomponnd of amarine- 
silver with the alkyl-halogen is obtained. At tho 
same time a small quantity of monalkyl-nmarine 
is formed from the double compound by elimina¬ 
tion of silver iodido. In this way the following 
compounds have been prepared (Claus a. Seller* 
bcl, 77. 18, 3077): amarine-silver mcthylo-iodidc, 
C J |lI 1T AgN..,CH 3 I [173°); amarine-silver cthylo • 
iodide, C 7 ,II l7 AgN.„C . lf.,1 (115°); amarine-silver 
isopropy la-bromide, C.,il,,AgX„C s H ; Hr, [140°]; 
and finally amarine-silver bcnzi/lo-chloride , 
C i .,H l7 AgN..,C,lLCl, [250°]. When amarine-sil¬ 
ver is treated with benzoyl chloride it yield* 
benzoyl-amarine, C 21 H 17 (C.H s O)N.., [180'], which 
forms salts with acids and also unites with ben¬ 
zoyl chlorido to form bcnzoul-aviarine benzoyl 
chloride, C.,H 17 (C,H i O)N 2 ,C 7 il J OCl, [312°], and 
with benzyl chloride to form Iwnzoul-aviarine 
benzylo-chloride, C, 1 H I; (C.1I,())N,,C I H 7 C1 [351°), 
which latter is isomeric with benzyl-amarine 
benzoyl chloride,C. U \\ V {C H 7 )N 2 .C 7 H i 6cl, [340°- 
350°J, obtained by tho action of benzoyl chloride 
upon benzyl-amarine^ The bases corresponding 
with theso two chlorides are also isomeric. 
Binzoyl-ftinarrie also unites with methyl iodide 
and with ethyl iodide to form additive compound* 
melting at 318° and 354° respectively (0. a. S.). 

C.lIi.C.NIIv 

3. Lophine C„H 1€ N 2 =* || 'C.CiH,, 

C,II 4 .C-N^ 

Triphcnylglyoxaline (Japp a. Robinson, O. ’ 
41, 323). [275°J. 

Formation.— 1. By the destructive distilla¬ 
tion of hydrobenzamide (Laurent, A. Ck. 19, 
309), of amarine (Fownos, T. 1845, 203), or of 


tuwmne hydriodide, C 2l II l: MeN r UI, is formed, j the limited oxidation of amarine with 
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»«M (B. Fuoh* k. TnnaJAt, & U, 70S).— 
1$f pawingammonia into 4 warm alcoholic eola¬ 
tion oi a mixture of benzil and benzoic aldehyde: 

c;h;.co + c ‘ h > cho+2sh .- 

C,H 4 .C— + 

(Badziszewski, B. 15, 1493; cf. Japp, B. 15, 
2410).— 4. By heating together p oxybenzoic 
aldehyde, benzil, and ammonia, p-oxy-lophine, 
0«H l4 (01I)N a , is formed (t\ Benzil, ammonia- 
derivatives oF.p. 4 Ci<*i) ; and this, by distillation 
with zinc-dust, is converted into lophine (Jnpp ! 
a. Robinson, C. J. 41, 323).— 5. By warming 
cyanphenine, C.^II^N,, with acetic acid and zinc 
dust, or by distilling it with potash and iron 
filings, it is converted into lophine and ammonia: 
CaiH, > N 1 + 2H 3 = C,,H, K N 2 + Nil, (Badziszewski). 

Preparation.— llydrobenzamide is heuted in 
a retort until the more volatile products of its 
decomposition —hydrogen,ammonia,and toluene 
—have been given off. The residue, which can 
only be distilled at a high temperature, is treated 
with ether, and then dissolved in glacial acetic 


. . - 7: —faetofr, OuBuEtN* Kttf 

and tibia latter compound, by treatment will; 
moist silver oxide yields the corresponding bast 
(Kjjhn, A. 122,826). 

. laoMXRinB or lophine.— According to Kflhn 
f-4. 122, 313) an isomerido of lophine, 
tVH, 6 N s 4aq, is obtained, together with 
ordinary lophine, by saturating hydrobonzaraide 
with gaseous HC1, and heating tho mixture to 
230°. Needles [170°], v. sol. boiling ulcohol. 
Forms salts. 

Azou kn zoi lid e , C, ,.I I „N., (V ) (Lauren M.(7A.[8] 
L 300) and diiucnzhymmidk, C.jH^NU (Bobson, 
C. J. 4, 225), are also compounds which are 
stated to have Wen obtained by the action of 
ammonia upon benzoic aldehyde. They have 
been very little studied. 

Be.VZuIO ALDEHYDE, HYDROCYANIC ACID, AND 

ammonia.— A number of compounds arc obtained 
when ammonia acts upon benzoic aldehyde 
containing hydrocyanic acid. Some of these 
aro, however, more readily prepared from tho 
hydrooyanides of hydrobenzamido (</. r.) and 
havo tlnrefore been described under that 

... , . -; 7.. head.—1. Bnirnifaudide, C,.,H K N i .. Formed 

acid, brom this solution water precipitates • along with oilier products when a mixture of 
lophine, winch is finaHy puritied by recrystal-| benzoic aldehyde, l.ydroevanic acid, and 
it from boiling alcohol (Badziszewski, B. j ammonia is allowed to stand for some, weeks 
10, i. ' i- „ | (Laurent, A. Ch. [2j (Hi, 180; vide supra, 

, Propcrtics.-- Crystallises in very slender, * llydrobenzamide ’). Crystalline powder, con- 
colourless silky needles [275°] (Badziszewski). j sistingof minute rhombic prisms,si. sol. boiling 
Distils without decomposition at a high tern- alcohol. By destructive distillation it yields 
^ flic ^vapour-density agrees with the tuna rone, C^H^N, together with lophine and 
-mi 11 1^-.; (l iseher u. Trobchke). Insol. , other products. Aiuurono forms colourless 


perature. 
formula C 


wati r, si. sol. alcohol and ether. Its solution needles 1233 j, si. sol. boiling alcohol (Laurent, 
in alcoholic potash phosphoresces when air is j Hn ucScient. 18,207). 2. A^obenzoyl, OJL.N,, 
admitted, owing to a process of oxidation, in • is formed according to the equation: 
which tho lophine is slowly converted into hen- 3C H u O -* 11CN i NJ1,< N. i 3TI.0 
zoic acid and ammonia (Badziszewski). Feebly j (Beilsleiru a. Beinecke, A. 130“ 175). White 
basic : tho salts are partially decomposed by ! crystalline powder, insol. water, v. sol. ether. 


wuter, in which they are for the most part inm- j When warmed with alcohol and hydrochloric 



lone acid to an alcoholic solution of lophine. j a..Ii IN N 2 0, is formed, along with tho foregoing, 
According to Laurent and Brunner this salt is from the same generating substances according 
anhydrous.—C 21 H,„N.>,2IICl: formed by the action j to tho equation: +1ICN < Nil- * 

of gaseous hydrochloric acid upon lophine.— ; O, 211,0, and differs from it by oon- 

(CjjHjgNjJIC^jj.I'tCl,.: rhombic plates. Con* j taining tho elements of a moleculo of water 
tains 511,0 (Brunner). — C a ,H„N\,Hl. - j more. Microseopfcj crystals. Si. sol. alcohol, 
c *i H i# N v*HNO a .—-\Sith silver nitrate it gives rise v. sol. ether (Laurent, A. Ch. [21 00, 180; 
to; C 2 ,H| 6 N 2 ,AgNl) a ; 2C,,Il, N 2 ,AgNO l ; and ; Laurent a. Oerhardt, A. 70, 302). 
or* u v ' t a nVO a .. n i t..... .. .. V ' 


aC^H.^AgNO, (A. a. Ch). | 

Reactions.— 1. Oxidation with chromic acid 
in acetic acid solution converts lophine into 
a mixture of benzamido and dibenzamidu; 
C^N. + lfJOtO,* 

C.IL.CONH; -r (CJI,.C|) 2 NH , 
{Fischer a. Troschkt 2. By the action of 
bromine upon lophine hydrobroimde, an 
unstable perbromide of the formula, 
IIJir(?) t i3 obtained (F. a. T.).— ! 

a _i.i~ _i- _ .. 


Benzoic aldehyde, ammonia, and sul- 
l’Ucni.TTED iiYDiiooi n. 1, J oiizaie aldehyde and 
ammonium sulphide^ if mixed mid allowed U 
stand for some weeks, yield thio-benzaldin 
30,11,0 4 2H 2 .S 4 MI,«-C a ,H J# NS 2 + 3H..0 
(Laurent, A. Ch. [8J 1,^91; also [3j 36,'’342V 
Deposited from etli-1 in nionoclinio nrystah 
[125°]. When boiled with alcohol it gradually 
evolves sulphuretted hydrogen.—2. By th< 
action of ammonium sulphide upon crude oil oi 


8. Nitric acid yields, according to temperature ■ bitter almonds Laurent obtained a compound 


And concentration, eituer di»Mroloj>hine , 

C j ,H u (NO.J,N 2 , or trinitrolophine C^H^NOJjN, 
(Laurent; Ekmann, A. 112, lbl).—4. Heated 
With concentrated sulphuric acid to 160°-170° 
. lophine is converted into lophinc-disuhdumic 
mid, C„H m N,(SO,H), (F. a. T.).-5. With 
1 iodtde at 100° it yields lophine hydriodide 


CAN,H,(?). 

Benzoic aldehyde slowly reacts in the cold 
with C'Hj and Nil, to form a compound, 
C (> II m N 2 S 2 (Quadrat, A. 71, 18). Tho same 
substance is formed when benzoic ahlehyds 
is mixed with ammonium tliio - carbamate: 
20,11,0 + CS,4 2NII, - C, 4 ll ll N a S,4 211,0 (Mol 
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der, A. 168, 788). Prismatic crystals, melting 
with decomposition at 100°. Cannot "be dis¬ 
solved in alcohol or ether without decomposi¬ 
tion. The compound may be regarded as *<?»- 
benzylidene - ammonium dithio - carbamatg , 
MHj.CS.sS.NfCH.CJI.,)",. F. R. J. 

BENZOIC ALDEHYDE CARBOXYLIC ACID 
V, Aldkiiydo-iiknzoic ACII). 

BENZOIC ALDEHYDE GREEN v. Telra- 

MeTHYL-DIAMIDO-TRIHIENYL-CARBINOL. 

BENZOIC ANHYDRIDE C u II 10 O a i.e. 
(C„H s .C0)..0. Benzoyl oxide. Mol. w. 220. 
(42°). (3*00° i.V.). S.G. (liquid) n 1-227. i 

H.F. 101,815 (Stolimann, J. pr. [2] 30, 3). 

Formation.— 1. From BzCl and NaOBz, BaO, ; 
IIjCjO*, or K,C,0,; or from NaOBz by the no- ; 
tion of l'Cl,, POCl 1t or S,Cl a (Gerhardt, A. Ch. \ 
[3] 37, 200; Wander, J. pr. 01, 408; llointss, ■ 
P. 02, 458; dal, A. 128, 127 ; Anschutz, B. 10, 
1882). 2. From benzotrichlorido (1 pt.) and ; 

(3 pts. of 95*4 p.c.) (Jenssen, B. 12, 
1105).—3. lly tho action of tho dry nitrates 
(0 mols.) of Pb, Ag, Hg, Cu, or Zn upon ben¬ 
zoyl chlorido (l mol.) (q. v.) (Lachowicz, B. 18, 
2000 ). 

Properties. —Tri metric prisms, insol. water, 
m. sol. alcohol and ether. Slowly converted 
into benzoic acid by boiling water, more rapidly 
by alkalis. Hot NH s Aq forms benzamido and 
ammonium bonzoate. Combines with bromine 
(1 mol.). Gaseous IIC1 forms BzCl and IIOBz. 

Mixed Anhydrides.-Mixed anhydrides of 
the form BzOR are formed by the action of 
benzoyl chloride on the alkaline salts of various 
acids, or by the action of various alkoyl chlorides 
on sodium benzoate. They are generally decom¬ 
posed by heat into a mixture of two anhydrides; 
and by water, more rapidly by alkalis, into two ; 
acids. | 

Benzo-acet ic anhydride Ao.O.llz t>. 
AOF.TO-1IF.NZOH! OXIDK, p. 17. 

Bcnzo-isovaleric anhydride 
Bz.O.C ! JI ll O. Oil (Chiozza, A. 81,108). 

Benzo-heptoic anhydride llz.O.C ; H lt O. 
Oil. S.G. til-013(Chiozzaa.Malerba./l. 91, 102). 

Ben zo-pelarqonic a n h i/d ride 
BzO.0,11,,0. Oil (Chiozza, A.'Ch. [3] 89, 209). ; 

B e n z o - in y r i s tic a n hydr i d c 
BzO.O,,H»,0. (38°). 

Benzo-stearic anhydride B/O.C,,11, O. 
[70') (C. a. M.). * ' ! 

Bcnzo-crigclic anhydride iJ/.O.CULO. , 
(C.). Oil. 

Benzoeinn a m ic an h yd ride 
Bz.O.O M H,0. (VI. ' 1*184. 

Bcnzo-cumivic an M /dride 
l)z.().C lo H,,0. Oil. S.G. sa i ns. 

BENZOIC BROMIDE t\ Benzoyl niioMiDF.. 

BENZOIC CHLOalDG v. Benzoyl chloride. 

BENZOIC CYANIDE r. Benzoyl cyanide. 

BENZ0ICIN r. Tri-fonzoyl-G i.ycf.mx. 

BENZOIC OXIDE v. Benzoic anhydride. 

BENZOIC PEROXIDE v. Benzoyl peroxide. 

BENZOIN C M H lv O a * C,H v CH(0H).C0.C h H v 
Phenyl-be nzoyl-carbinol. [137°]. First prepared 
by Stauge (If. P. 10, 93), and almost simulta¬ 
neously by Robiquet (.4. Ch. (2j 21, 254), by 
acting with a solution of potassium hydroxide 
or barium hydroxido upon crude oil of bitter 
almonds containing HCN. 

Fonnation.— l. By partial oxidation of 


hydro - benzoin, C^.OHfOHJ.CH^HJ.C^. 
(Zinin, A. 128, 128).—2. By treating bbnzil 
C.Hj.CO.CO.CjHj with zino and alcoholio 
hydrochloric aoid (Z., A. 119,177), with acetic 
aoid and iron filings, or with K 2 S. 

Preparation.— 200 g. of pure benzoic alde¬ 
hyde are heated for a short time with a solution 
of 20 g. of KCN in 800 g. of 50 p.c. alcohol, and 
the liquid allowed to cool. Benzoin separates 
and is removed by filtration. The filtrate, on 
heating with more KCN, yields a fresh quantity 
of benzoin (Zincke, A. 198, 151). Two mols. of 
benzoic aldehyde unito to form 1 mol. of 
benzoin : 2Cjl v CHO = C u H v CH(OII).CO.C 8 H 5 . 
The action of the KCN is not understood. 

Properties.— Colourless, lustrous, six-sided 
prisms. SI. sol. boiling water. V. sol. hot al¬ 
cohol ; si. sol. in cold. Cono. H 2 S0 4 dissolves 
it with a violet colour. 

Reactions.—!. Partially decomposed bydis- 
tillation. Repeated distillation breaks it up for 
the most part into 2 mqls. of benzoic aldehyde; 
a smaller portion yields benzil and dcoxy- 
benzoin : 2C M H, 2 O a = C, ,11, A + C, ,11, .0 + H,,0 
(Zinin, B. 0, 1207).—2. Treated in alcoholio 
solution with zinc and hydrochloric acid it is 
converted into deoxybenzoin (Zinin, *1.120,218); 
at tho same time deoxybenzoin-pinacono, 
C .„H 2 ,{OII).,, and hydrobenzoin are formed (Gold- 
enberg, A. i74, 332). Sodium amalgam reduces 
it to hydrobenzoin. Heating with cone, hydr iodic 
acid tor somo hours to 130° converts it into di- 
benzyl C,,11,,, (Goldenberg). Ry distillation with 
zinc-dust it yields stilbone, together with 

an oily hydrocarbon isomeric with stilbone (Jena 
a. Liinpricht, A. 155, 90).—3. Nitric acid oxi¬ 
dises it to benzil (Zinin); but chromic acid, or 
potassium permanganate, converts it into benz* 
aldehyde and benzoic acid (Zincke, B. 4, 839). 
It reduces Fchliny's solution in the cold, a pro¬ 
perty common to all compounds containing the 
group CO.CJI(OH) (E. Fischer, A. 211, 215).— 
4. Fusion with caustic, potash converts it into 
benzoic acid with evolution of hydrogen (Liebig 
a. Wohler, A. 3, 270). When distilled with soda- 
lime, the benzoate which is first formed is decom¬ 
posed by the excess of soda-lime, and benzene 
is obtained (Jena a. Limpriclu). The action of 
alcoholic potash i9 complex : when benzoin and 
alcoholic potash are heated with access of air, 
benzoic acid, a small quantity of bonzilic acid 
(C, ,11,5,0^, benzoin ether (C._.,IL,0 3 [157°]), and 
a compound C S0 II..,O, (to which 'Liinpricht a. 
Schwancrt gave the name ethyl-dibcnzoin, assign¬ 
ing to it the formula (' Ju lf :ti O,) are formed—this 
last, however, is produced from benzil generated 
by the air-oxidation qf the benzoin [v. Benzil). 
If tho benzoin is heated with alcoholic potash in 
a sailed tube a| 100 s the products are benzoic 
acid, hydrobenzoin, and ethylbenzilic acid 
(C, H H lg 04). With very concentrated alcoholio 
potash at 160° benzoin yields benzoic acid, 

: stilbeno, a compound C,JfL n (L and a small quan- 
; tity of ethyl-benzilic acid. By heating benzoin 
; with a solution of sodium ethylate in alcohol, 

1 ethyl-benzoin , C u H,,0._..C 2 II s [95°], is formed, 
together with the various products already men¬ 
tioned. Prisms, with a vitreous lustro, v. sol. 

: alcohol (Jena a. Liinpricht, A. 155,89; Limprioht 
i a. Schwanert, B. 4, 336; Japp a. Owens, C. J. 
j 47, 90).—5. Chlorine acts like nitric acid, coo- 
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verting bensoln into bensft (Laurent, 4. Ch. [3] 
69, 401).—6. When heated with fuming hydro* 
chloric acid at 130° for 6 or 8 hours it yields 
I epidene, G„H w O ( q . v.), benzil, nnd a thick 
▼ellow oil (Zinin, J. pr. 101, 100).—7. When 
boiled with dilute sulphuric acid it parts with 
the elements of water, yielding oxylepidene : — 
2C 14 H,..0, - C ; ,H.„0; + 2H/) (Limprielit a. 
Schwancvt, B. 4, 335). Concentrated sulphuric 
acid converts it into benzil (Zinin). 8. Heated 
with alcoholic ammonia for some hours at 100° 
in sealed tubes it yields benzdinam, C^H^NLO 
(silky needles, v. si. sol. alcohol, melting with 
decomposition), benzo'inidam , C..JI ,NO.. ? [199°] 
(granular crystals, si. sol. alcohoi), and tetra - 
C„IL.C —N --C.C B lIj 

phcnyl-azinc , ;| | |J [246*’], to- 

C tt II r C~N C.CJH, 

gother with some lophinc, C 21 !I tH N 2 . Tetra- 
phenyl-azine is best prepared by heat ing benzoin 
with ammonium acetate until the salt is volati¬ 
lised, dissolving the p od net in the strongest 
alcoholic hydrochloric acid, and ppg. with alco¬ 
hol. V. si. sol. alcohol, v. so!, alcoholic hydro¬ 
chloric acid, v. sol. boiling benzene, sol. with 
blood-red colour in cold cone. 1! .SO,. Sublimes 
without decomposition. Heating with soda- 
lime converts it into h traphcnylcne - a tine 
(Laurmt, J. Ch. [2: tld, 181; Krd- 
mann, .4. 135, 181; Japp a. Wilson. C.J. 1NHH, 
825; Japp a. lhirton, (’. J. lKSti, .813; 18S7, 
98). — 9. Benzoin reacts with the primary 
amines of the benzemul scries, when heated 
with them to 200', eliminating 1 mol. of water 
and generating feebly basic compounds which 
by boiling with acids aro decomposed into 
their generating substances. Anilbenr.un 
C„H S .C11(OlJ).U(N.C,,I1.,).C (i 11. [99*], from ani¬ 
line and benzoin, forms yellowish needles, 
v. sol. most organic menstrua. Yields 
with nitrous acid nit raw - anilbanzoin 
CJl r Cn(()H).CtN.CJI 4 .NO).( , (i If i f 1 H)°J, with 
acetic anhydride a monacetyl-dnivatirc [153°J, 
and with bromine a invnubromo - derivative 
[168°). Sodium amalgam reduces anilbenzoin 
in alcoholic solution to hydrobmzo'in-anilidc 
C # H V CH(OH).CH(N H.C h H,,)G ft H s [119°), which 
forms with sulphuric acid a salt not decomposed 
by boiling with the dilute acid. - p-Tolilbcmain 

C i H y CH(OH).C(N.CJl 4 .CII l ).C h H i . [144°J re¬ 
sembles in its properties and its behaviour 
towards reagents the aniline compound. It, 
yields with nitric acid a mono nitro- derivative 
[125°] and a di-nitro- derivative [195°j. — 
0 - NaphthilbcnzoXn [130 ; J also resembles 
the aniline compound (Voigt, J. pr. 31, 
1).—10. Benzoin reacts, with hydroxylaminc 
and with phenyl - hydrazine. — Ben ?oi'n -ozitn, 
C,H s -CH(OIi).C(N.OH)AH, rjn°-152°l. # An 
alooholio solution oi benzoin is mixed with 
an aqueous solution of hydroxy lam ino and 
allowed to stand for a week. Microscopic 
prisms, soluble in benzene (Wittenberg a. V. 
Meyer, B. 10, 501). —Benzoin-phenylkydrazide, 
C # H y CH(OH).C(N 2 HC.H i /.C t H s (1 .'#»]. Benzoin 
and phenylhydrazino, together with a little 
lUcohol, are heated at 100°. Needles, sol. benz¬ 
ene (Pickcl, A. 232, 229).—11. By heating with 
ad-chlorides tho liydroxylic hydrogen of benzoin 
maybe replaced by acid radicles to form ethereal 
SftiU. Benzoin acetate, C I4 H„(C 2 H«0)0, [75°), 


From tansoln and acetyl chloride. Monoollnie 
prisma or tablet, v. aol. ether and aloohol 
(Zinin, 4. 104,120; Jena a. Limprielit, 4.156, 
92)»— Benzoin benzoate, C I4 H„(C 7 H A 0)0, [125°]. 
By warming benzoin with benzoyl chloride. 
Slender needles. Sol. hot aloohol. Yields a 
mono-nitro- compound [137°] (Zinin).—BmroVn 
succinate, (C U H,,()..)..0,11,0; [129°!. By honting 
benzoin with succinyl chloride lo 100 \ Leaflets 
from alcohol. Sol. also in ether and CS* 
(Lukanin, /L5,33l).~ 12. When benzoin is heated 
with hydrocyanic acid ami 'alcohol to 200° tho 
process of its formation is reversed and it is 
broken up into benzoic aldehyde. A part of tho 
benzoic aldehyde undergoes a further change, 
yielding amongst other products ethy lie. hen/.oate 
(Michael a. l’ahncr. Am. 7. 192). 13. Phenyl 

nyanate forms Ph.CII(t).CONPhll).CO.rii (168 8 ] 
(tiumpi i t, J. pr. ['>•■ 32, 2H0). F. H. J. 

BENZOIN, GUM. A resin which Hows from 
the bark of Styrnr benzoin, a tree growing in 
Sumatra, Borneo, Java, and Siam. Hum ben. 
zom contains, besides various resins, benzoic 
acid and, frequently, cinnamic acid. Siamese 
and Pttlembang benzoins are free from cinnamic 
acid. Potash fusion produces benzoic, p oxy- 
benzoic, and protocateehuio acids and pyro* 
eatcchin. Distillation with zinc-dust gives 
toluene and a little o-xylene, nnphthaleuo, and 
methyl-naphthalene. 

Inferences.— Unverdorben, />. H, 397 ; Van 
dor Vliet, A. 34, 177 ; Kopp, C. It. 19, 1209; 
Kolhe a. Lnutemann, A. 115,113; 119, 130; 
Devillc, A. Ch. !:ij 3. 192 ; AslmlT../. 1H«|, 400 ; 
Wiesner, ,7. 1*72, 1000; Thecgaiten, J. 1874, 
922; Oiamieian, li. 11, 274; Saalb ld, A. Ch. 
[3] 10, 2S0. 

BENZOiN DI- v -CARBOXYLIC ACID 

l^COa 1 1 ).CI I (< >f i).ci: >.4^U 4 (C0^1>. 

F( rmed by oxidation of di-p-aldehydo-hcuzom 
with KMnO,. Short felted needles. Suhlim- 
ahlo. Infusible. Ag.,A". Di-methyl ether 
Me.A": [120 ] (Oppenheimer, B. 19, 1*10). 

BENZOLElC ACID 0,U 40 O v llydmbrmoic 
acul. Formed, together with benzyl alcohol, by 
tho action of sodium amalgam on an aqueous 
solution of benzoic acid kept acid by HOI (Her¬ 
mann, A. 132, 75; Otto, A. 134, 303). Oil, 
smelling of valeric acid, heavier than water, v. 
sol. alcohol and ether. Ft A': oil. 

BENZOLINE* A mixture of paraffins (hex¬ 
ane, heptane, octane) boiling between 70° and 
100° obtained by distilling petroleum or paraffin 
oil. The mixture is also called petroleum 
spirit or ligioin. , * * 

BENZ0L0N. Identical with lophino (t>. 
Bj'.szil). 

BENZ0DIMETH v LANILIN E v. Dimjetiixl. 

AMIIIO-JIKNZOI'HKNONK. 0 

m- BENZ0-DI - METHYL - DI - FURrURANM. 

C, JI..O, i-e. 

(1) f r ) 

IIC< C q''>C.H 1 < C q'>CH. 

( 2 ) (tt or 4> 

[c. 27°). (270° at 720 mm.). Obtained by ev»* 
porating (/3)-benzo-di - methyl -di - furfurane-di- 

carboijrlic ether C # H J (< C ( > ,c >C.CO,El), with 

alcoholic KOH ami lime, and dr, distillation. 
Priama. Bj warming with cone. H,HO, a pure 




Mm oolouretion to produced s. 19 , 

8988; SO, 1887), ” ’ 

p-Benzo-dl-methyl-dl-furfUriae 

OtH,(< C o*>CH) I . [108°]. Obtained* by 

beating the potassium salt of tho di-carboxyiic 
aeid with lirao. Largo pearly tables with bluish 
fluorescence. V. sol. alcohol, ether, etc. (Nuth. 
13. 20, LOT). 1 

Benio-tri methyl-tri-furfurane C ls H,,0, i.c. 

C .(<°> 1 ),- [115°-120°]. Needles. 

Very soluble in ordinary solvents. Formed by 
evaporating tho tri-carboxylic ethor 

q ^G.CO*Et^, with alcoholic KOII and 

lime, and dry distillation (Lang, B. 19, 2930). 

o-BENZ0-D1 - METHYL - DI -FURFURANE 
DI-CARBOXYLIC ACID 

q ^>C.CO x H^ 2 . Obtained by sapo¬ 
nification of tho ethyl-ether which is formed by 
dissolving in cone. 11,80, tho product of tho 
action of cliloracotojicetio ether (2 mols.) upon 
di-sodium pyrocatechin (1 mol.). Amorphous 
solid.-llaA" 2atj. 

Di-ethyl ether Ft,A": [loo 0 ]; short prisms 
(from alcohol), or long white needles (from 
other) (Nuth, B . 20,1337). 

(a)-w-Benxo-di-methyl-di-furfurane di-car- 
boxylic acid C M II lu O„ i.c. 

[Far 

( 2 ) (4orC) 

above 810°]. Formed by saponification of the di¬ 
ethyl-ether. This ether is obtained, together 
with a muoh larger quantity of the (H)-isomcrido 
by tho action of chloro-acotacetio etluv 1 uv>on di- 
Bodium resorcin C n il,(ONft) a in jfeoncc of ! 


DUlhfi t,: [t«T I MnaU whit* 

needles; more aolnbla than the (0)-toomatida. 
Formed, together with a email quantity of the 
(p)-ether, by the action of ohloro-aaetaoetio ether 
upon dry di-sodium resorcin, extraction with 
benzene, dissolving the residno in cone. H.80 
pounng into water, and extracting with ether 
Also by heating oxy-methyl-ooumarilio ethor 

(4) ' 

c rH.(OH)< o ^C.COjEtwithohloro-aeetacetio 
( 2 ) 

ether and alcoholic NaOEt, and dissolving the 
product in H,SO, By evaporation with alco- 
hollo KOH and lime and dry distillation it 
yields (A) • benzo -di - methyl - di. furfurane 

C,tt l< C 0 °>CH), (Hanlzsch, B. 19,2930). 

p-Benzo-di-methyl-di-furfuranedi-carboxylio 

acid C,H,(<; C ^c.CO ; H), Obtained by 

saponification of its. ethyl-ether which is 
formed by dissolving in cone. II,,SO. the 
product of tho action ol ohloroacetncetio ether 
(“ nl ° l8 ') «l’on di-sodium hydroquinone (1 mol.). 
Amorphous solid (containing aq). 

Hal ts._Ag.A": white pp.—BaA" 2an: al. 
Bol. yellowish-whito powder. 

Ethyl ether El.. A": [150°] j glistening 
20 1331 ) P at ° S; V ' S * fio1 * a11 Events (Nuth, B. 

Benzo-tri-methyl-tri-furfurane-tri-carboxylio 

acid C 1 (t II 11 ( 0 B • - ^ 


0 (< C O < >C.C0 1 ll) 1 . 

Formed by saponiiieationof its ethyl ether which 
is obtained by treating dry powdered tri-eodium- 
phloroglucol (1 mol.) with chloro-acetacctio 
i 01 , r * nol ?-)i dissolving the product in ILSO, 

_____ ... . , , . and pounng mto water. Gelatinous pp. (contain* 

alcohol, extracting wVth“aweneidiMoiving’the i its TilU a™^*”“ lcoho 1 l antl ether, 
undissolved portion in cone. 11.SO,, pouring 1 i * A '“ W m y Tu " bl ° “ ml e ,ltttm0U8 - 
into water, and extracting with ether: when ,.,S «a|A ,7aq. microerys alliiio. 


--- .. •** jruunng 

into water, and extracting with ether; when the 
ethereal solution is mixed with hot alcohol and 
allowed to cool tho (a)-ether crystallises out, 
whilst tho (fl)-ether remains in solution. Tho 
two others aro also formed (tho a in very small 
quantity) by heating oxy-mothyl-couinarilic ether 

(4^ 

<vh.(oh )< ;> >c •CO l.t with oliloroaceto- 

.. , < : > • 

•cotio ether uud aleoholio NaOEt, and dissolving 
the product in 11,80,. Tho acid is a while 
miorocrystallino so^d. Scarcely soluble in 
water, more readily hi alqphol. ‘The rails ol 
the heavy metals nre all sparingly soluble 


Warm IIiin . i "Pfnngly soluble. ; *1?" (Anschutz a. Schultz, A. 196, 48), BaO 

Wl T pr ^ M " , .?,£ ure bl,,i ' “loiiration. : 0 V dhler ^f. 192, 3fi2)„P,0, (Hofmann a. Buck. 
Vv etnul ether M'Kt.r irr°’. . . ton. A. inn ir.n\ r»r»i m.Li., a __ 


, »<••<*»< ether AfKt .1 [186°]; needles; 

IV at. aol. alcohol (Hant/scli, B. 19 , 2930). 

; , r »»*yUc aeid C,,H, 0 0, ».e. 

V <0 (,M 

|HO,C.C< C ^>C.U,< C ^CCO,H. [Far 

&•' « ( 3 ) (6or 4) 

*?®T? Formed by saponi 6 cation of its 


Ethyl ether V.t.A '"; [c. 298®]; small white 
glistening needles; si. sol. nil solvents, most 
r m 8 , >' or °fm-m (Lang, 13. 19, 29351. 

r ' NaritTUDooreoint. 

BENZONAPHTHTL-THIAMIDE Thiobm. 
rm/(-(a)-NAi>nTim, amine. 

Forvuttion. —1, By the dry distillation of 
ammonium benzoate (Fehling, A. 49, 91).—2. 
From benzamide by heating it alone or with 

mi?i ; Ans f 1,wtz a - Shultz, A. 196, 48), BaO 
(Wdhler. A. 199. a#:oi n m_ 


155), PCI. (Hencko, A. 100, 270), or 
, tH » *■ 2, 307).- 3. By heating idp. 

I”:° ao,< ! clone (Limpricht a. Uslar, A. 88. 
13.)), or With ZnCl, (GOssmann, A. 100, 74).—4. 
By the action of BzCl or Bz.,0 on benzamide.- 
o. By the action of BzCI on oxamide, on potas¬ 
sium sulphoeyanide (Limpricht, A. 99,117), or 

on potassiumoyanate (Schifl, A. 101,93)_6. By 

heating Bz,0 with potassium cyan&te or aulpho. 
cyanide.—7. By the action ot HaO onthiohenxt 

. " -» —vwini au fttWUOl, VilVpn ■ o -r, u htU-UlWUL" 

^. rcanngly soluble pp 8l with the salts of the ! nS' - 8 |* , heatin « benzoio acid with 8u|« 

■ Wry metal,. The acid and it. ether give . I 17 ' 1767 >- » °* 

- - -** % -- K * ; Potassium (Letts, B. 5, 678).—9. From potato 

i Blum benznJLtA nn4 A»an M » l™-M- ZW«_ ; 


F-'Sillt. i J B»pumncaMon ol its 

^aMhylteher. Mwocrystallinesolid. Scarcely 
• aoinble in water, more easily in aicolioi. Gives 
naringly soluble pps, with the salts of tli 
’ ^ “ M “4 its ether give 

oeloumtion with warm H,SO,. 



A, Qh, 160).—lO.fly dialling cmixtore 

of aniline and oxalio aeid (Hofmann, 0. A. 64, 
688).—tl. Formed bj dig tilling form anilide over 
aino-dost; the yield is nearly 20 p.o. of the 
formanilide (Gasiorowski a. Merz, B. 17, 73; B. 
18, 1001).—12. Formed together with sodium 
formate, by the action of dilute NaOII upon 




■M 


■m 


”-- -- i uvwu u. uv,i i n oval, v, 

1877,131).—13. Formed by running an aqueous 
■olution ol iliazobenzeno chloride into a hot eo¬ 
lation of Cu,(CN), (Sandmcycr, 11. 17, 2653).— 

14. By heating tri-phenyl phosphato withpolas- 
•inm cyanide or ferroeyanide ; the yiold is 25 
p.o. of tho theoretical (Scrugham, .4. 92, 318; 

Heim, B. 16, 1771).—15. By heating potassium 
benzeno sulphonate with KCN (Mcrz, Z. 1868, 

83).—16. From K,FcCy tt and chloro- or bromo- 
benzene at 400'’ (Mcrz a. Wcith, 11. 8, 918; 10, 

749).—17. From iodo-benzonc and AgCy (Mcrz ; .. 
a. Sohclnbcrger, li. 8,1630).—18. Together with j 284).— 2 ! With 


(“f» *• Waith, A M, 9888).—I) WlU»«M%fcl 
•ad l KSO, ft gitai tho benaoyl dntmlnol 
methylene diamine (j.*.).—9. With diphtnul- 
om|iw hydrochloridt at 180° it forms di-phenyi. 
tenzamidine; but at 240° it forms a Base 
C„H„N, (183°), thus: C„n,C(NH)N(C t HJ„- 
NH, + C„H„N. Properties .—Thiok prisms (from 

hnit/nnn) nnufnini'n.. __# _j ,1 ■ 


1877.134).-13. lonnelb?nmninn.n , yellow tablets (occasionally from benzene); long 

thin prisms (from alcohol). The tablets are 


. (<1 . . 

monoclinio, a:b:o--5875:l:-5014, I,,, 51 ° 23' 
(Bodewig). Soluble in benzeno and ether, 
slightly in alcohol. Its alooholio solution it 
neutral. Acetyl chloride does not act on it. 
Salts: B'HCl. Narrow red prisms. (Above 
220°0-<B'HCl).rtCl,. 1 

Combitui/ions .— 1 . With metallio ehlo- 
rides. — (C.II.NJ.AuCl,. - (C.ll,N),.Pt01..— 
(C,H 1 N) I SnCI,.-(C I H i N),TiCl, (Henke, d. 100, 
halogens. C,U i .Cllr:NBr.- 


* 


terephthalomtrile, by pacing '. Tiitum rf j C.V^N) Ur 

through a red-hot tube (Nietzki. B. 10. 4741. ! L*,, 4,' 762). ‘ i Wi.hhydfogon b^.’ 

mido. C,II S N 21 [Hr. [70] (Mugler, A. Ill), 
307). — 5. With alcohols. -Jienzimido- 
ethyl ether, CJf,.C(OMt):N]I. Tho hydro- 
chlorido, B'HCl, is formed by passing dry HC1 
gas into a.mixture of ethyl alcohol and bonzo. 
nitrile, diluted with ether. Large glistening 
prisms; decomposes on heating to about 120® 
into ethyl chlorido and benzamide (Pinner, B. 
10, 10/54). liemimido • isobutyl ether 
pJ^-CfOOJDiNJI. The hydrochloride B'2HCl 
18 formed by passing 1101 into a cooled mixture 
of benzonitrile and isobutyl alcohol (Pinner a. 
Klein, Li. 10, 1800); it gradually loses HC1 bo- 
coming B'HCl, (l35°].-B',lLPtCl ft . - B'U,d0 4 . 
— 0. With acids. — Jienzimido - acetate 
C a lI s .C(OA(f):NH. [110 w ). From heuzimido* 
isobutyl ether and Ac.,0 (Pinner a. Klein, B. 11, 
9). 7. With meroaptans. — Licnzimido- 
ethyl tliio-ether C (j Il ; ,.C(SMt):NlI. From 
benzonitrilo, mercaptan, and JiCl, or from tliio- 
benzamide and Etl (Bernthsen, A . 197, 848). 
Oil; decomposes readily into mercaptan and 

benzonitrile. — B'JICl. — BULPtCl,_ 

B'HI. [142°]. Benzimido-isoamul thio• 
ether G Jl H v C(SC,II,,):NII. Tho hydrochloride, 
B'HCl, is formed by passing If Cl into a mixture 
of benzoni‘/iio and isoamyl mercaptan (Pinner 
.a. Klein, B. 11, 1825). Tho free base is an 
oil. Benzimido - benzyl - thio - ether 
CJI l .C(SC,Il,):NH. Prepared like the ethyl 
ether. —B'HCl [181°]. 

Derivatives of Benzonitrile are described 04 
Buomo-, Nitro- Ac. bknzon mimic. 

BENZ0-PHEN0L v. ^)xy-bknzophemonx. 
BENZ0PHEN0HE C.,11^0 i.e. C^.CO.OJL. 
Di-phenyl-ketone. Mol. w. 182. [48°J. (806° i.V.), 
Fornuitvm.— By the dry distillation of cal¬ 
cium benzoato (Peligot,i4.12,41; Chanool.,4. 7*i 
279).—2. From BzCl and HgPh a (Otto, B. 8, 
197).—3. From BzCl and benzeno in ptesenca 
ol Al,Cl*.—4. From benzoic acid, benzene, and 

P n Of 10A° /Vnllnwilu r. T> O A AC 


through a red-hot tubo (Nietzki, li. 10, 47-1). 
20. By the action of CyCl on benzene in pre¬ 
sence of aluminium chlorido (Friedel a. Crafts, 
Bl. [2] 2!), 2). 21. From bromo-benzeno, Cy/.’l,, 
and Na (Klason, J.pr. [2] 35, 83).- 22. By boiling 
phenyl thiocarbimide with finely divided Cu.— 
23. From phenyl carbamine by intramolecular 
change at 240° (Weith, B. 6, 213).—24. By tho 
action of acetic anhydride on benzaldoxim 
(Lach, B. 17, 1571). 

Properties.— Colourless oil, smelling of al¬ 
monds ; sinks in cold, but swims in hot water; 
misciblo with alcohol and ether. 

Head ions.—I. Cold aqueous potash has no 
action, but on boiling it forms NH, and KOBz ; 
dilute acids act similarly.—2. Heating with 
jwtassium gives KCv, evaphenino, (C 0 lI 4 ) 3 Cy s , 
and other bodies (lJingley, Chcm. Oaz. 1851, 
829; Hofmann, B. 1 , 198). When the boiling 
alcoholic solution is treated with sodium, the 
greater part is saponified whilst a smaller 
portion undergoes reduction to benzylaniino 
and to benzene (Bamberger a. Lodter, B. 20, 
1709).—3. H.^S or ammonium sulphide forms 
thiobenzamide.—4. Zn and HC1 in alcoholic 
solution form mono-, di-, and tri-benzvlamine 
(Mendius, A. 121, 129; Spica, O. 10, 5*15). - 5. 
Filming H 2 SO, forms, on heating, benzene sul- 
phonio acid; at 20° it forms cyapbenine. Ben- 
Eonitrile ( 10 g.) cooled with ice and treated with 
fuming HuSO, (7 g.) added slowly, forms di- 
benzamide NHBz, [118°], and ‘benzimido-benz- 
amide * NHBz.C(NH;.C,H 4 [10C°], called by 
Pinner a. Klein ‘ benzimido-benzoate ’ and 
‘dibenzimido-oxide,’ respectively. Dilute 1IC1 
Converts tho former into the latttf (F. Gumjxj-t, 
r . [ 2 ] 30, 87; Pinne., ibid., 125).-0. BofTed 
TOO tine ethyl it gives ( >ff ethane (1 vpl.) and 
an olefine (1 vol.) and forms a product, whence, 
Vy treatment first with alcohol, and then with 
aqueous HC1, cyapbenine ( q.v.) and the hydro¬ 
chloride of a base which crystallises in six- 
Sided plates, C„H„N 2 C1, is formed. This body 


] v„u 1 ,.v,yi, » lunuuu. HUB ooay Ol 4. r rom ocnzoic acid, benzene, and 

f»7°) u readily soluble in alcohol, but sparingly • P 3 0 4 at 190° (Kollarits a. Mere, B. 6, 446, 638), 
■* in water. Potash liberates the base as a : 6. From benzeno, COCI* and ALCL (Friedel 
j^ttriess oil (Frankland a. Evans, C. J. 37, | Crafts, a. Ador, C. R. 85, 673).—6. ByoxidaUdi 
By exhaustive chlorination with SbCl,! of di-phenyl-methane (Zincke, A. 169, 877). 

-Jl JfWa* fent»-<ihloto-cjaiio-b«az«ne C.Q^CN) j Preparation.-Fxom B*C1, C,H,,»nd 
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BENZOPHJENCm 


the yield is 70 p.e. of the calculated (Elbe, /. pr. 
[2)85,465). . , . 

Properties.— Prisms; insol. water, v. sol. 
alcohol and ether. * 

Reactions.— 1. Induced by HI to di-phenyl- 
methane (Graebe, B. 7, 1624).-2. lieduced by 
tine-dust to di-phenyl-methane, tetra-phcnyl- 
ethylene, and tetra-phenyl-ethane (Staedei, A. 
194, :i07).—3. Potash-fusion gives benzoic acid 
and benzene. -4. Reduced to di-phenyl-carbinol 
by sodium-amahjajn or by heating with alcoholic ■ 
potash. — 6 . Ammonia has no action. 6 . Zn ; 
and alcoholic IPSO, rcduco it to benzpinacone ' 
and (a)- and *(0)- benzpinacolin (Zincke a. 
Thdrner, B. 11, 13%).-7. AcCl in presence of 
zinc-dust acts on an othereal solution forming 
crystalline (a)- and ( 8 )- bunzpinacolin.— 8 . PCI, 
forms di-chloro-di-phenyl-mcthane.—9. Passage 
through a red-hot tube slightly decomposes it; 
the product contains benzene, di-phenyl, and , 
jMli-phonyl-benzene, while gaseous carbonic , 
oxide, hydrogen, and acetylene escape (Barbicr I 
a. ltoux, V.'Jl. 102, 1551)).—10. When heated, 
with ammonium formate at 200 °- 220 ° it yields , 
the formyl derivative of di-plienyl-carbinyl- ! 
amine (CJlJ.Cil.NH.ClIO (Leuehart a. Bach, B. 
11 ), 212 '.)).— 11 . P.,Sj at 100 ° forms 
{153°], crystallising in lustrous flat rnonoclinic 
needles. At 200° it turns deep blue (Japp a. 
Basohen, C. J. 49, 481). -12. P.. 8 , at 140° forms 
C JI J'A, [227°], crystallising in minute plates, 
insol. alcohol, si. sol. hot benzene. On melting 
it turns deep blue. It is oxidised by CrO, in 
1IOAc to benzophenone (J. a. It.). 

Oxim (CJI^CrNOlI. Di-phcnyl-kdorim. 
[140 I, J. Prepared by boiling an alcoholic solu¬ 
tion of benzophenone (30g.) with hydroxylamino 
hydrochloride (28g.) and a little 1101 for a day 
(Beckmann, B. It), 988; Jatmy, Zi 15, 2782). 
Silky needles, v. sol. ether and amonc, in. sol. 
benzene and ligroin, v. si. sol. cold water. Sol. 
acids and alkalis. Resolved by acids into its con¬ 
stituents. By PClj or l’OCl, it is converted into 
w-ohloro-benzylidcno-aniline, C ( ,lL ( .N:CCl.C li H.t 
produced by intramolecular chango from 
(C li H > ) 3 C:NCl (B.). By wanning with cone. 
11,80, to 100 c 'it is converted by similar isomeric 
change into benzanilide (Beckmann, 7».20,1507). 
Salts. - C,.,lI lfl N r (0Nn): crystalline powder.— 
0 ia H la N(01l).llCl: white powder. 

Methyl-oxim C (i U*N(OMa) : [92°]; 

yellow crystals. • 

Ethyl-oxim C„H 10 N(OEt); (276°~279°); 
fluUI. . . 

licnujl-ozim C,*JI„,N(00,H,): [SC 0 ]; 

white crystals. 

Acetyl oxim C„II„N(OAc): [65°]; white 
crystals (Spiegler, i)Vl7, 810; AT. 5, 203). 

Pheny l hy drat ide Ph a C:N,HPh. [137°]. 
Got by boiling benzophenone with phenyl hydra- 
fine and alcohol; or by heating the oxim with 
phenyl-hydrazine, N, and Nil, being evolved. 
Needles (from alcohol). Insoluble in w ater, not 
very soluble in alcohol. Heated for soino time 
with dilute (20 p.e.) HOI, it is resolved into 
benzophenone and phenyl hydrazine (Pickol, .4. 
232,228; Fischer, II. 17,570; Just, B. 19,1206). 

Iaoiueride of Benzophenone. [26°]. (305°). 
Sometimes formed in oxidising di-phenyl-me¬ 
thane or in distilling calcium acetate with 


calcium benzoate (Zincke, A. 169, 867). Readily 
changes into ordinary benzophenone. 

Derivatives of benzophenone are described as 
Amido-, Bromo-, CnLoRo-, Cyano-, Nitbo-, Oxy-, 
Ac., Benzophenone, and as Di'-phenylene-kbtonb 

OXIDE. 

BENZOPHENONE-CABBOXYLIC ACID v. 

Benzoyl-benzoic acid. 

BENZGPHENONE-DLp-CARBOXYLIC ACID 

[4:1] C ti H,(C0,H).C0.C K H,(C0 2 H) [1:4]. Formed 
by boiling di- 2 >cyano-benzophcnone with alco¬ 
holic KOll (Bromine, B. 20, 522). Also by the 
oxidation of di-tolyl-mcthane, or di-mcthyl- 
benzophenono, with chromic mixture (Wciler, 
B. 7, 1185; Ador a. Crafts, B. 10, 2173). Mi- 
croscopic needles. Sublimes at a high temper¬ 
ature without melting. SI. sol. alcohol, benzene, 
and ether. S. (hot water) = 002. The NH, 
salt gives pps. with salts of Fe, Go, Cu, Ba, and 
Ca, but not with salts of Pb, Cr, Zn, Mg, and Ni, 
Silver salt A"Ag.., Ag.O: insol. water. 
Di-methyl ethor A"Mo,: [138°]; large 
needles (B.). Ag.A' (A. a. C.). 

| Benzophenone dicarboxylic acid 
; C ll H v CO.C ) jII 3 (COJ I) s . 

Bemoyl-iso/jhiludic acid : [280°]. From 

benzyl-isoxylene and chromic mixture (Zincke, 
B. 9, 1702). Si. sol. hot water and CHC1,, v. 
sol. alcohol. Converted bv Zn and 1IC1 into 
the lactono of C ll U v C(OH)H.C,H a (CO,H) r — 
Salts: Ca.V'aq.—BaA/'aq.—Ag.^A". 

Methyl ether Me.A". [118 J ]. 
j Ethyl ether EtA". [95°]. 

Benzophenone dicarboxylic acid 
C fc lI..CO.C.ll s (COJl) 3 . [1:2:5]. 

’ Bemoyl-terephthalic acid. [290°] (W.)| 

' [285«J (F.). 

Formation.-- 1. By oxidising benzyl-cymene 
with chromic mixture (Weber, .7. 1878, 402).— 
2. From benzoyl-p-xylem* and UNO, (S. G. 1*16) 
at 17U J (Fibs, J. pr. [2] 35, 479).—3. From 
phenyl p-cymyl ketone and dilute IIXO s . 

Properties. —V. si. sol. water, v. sol. alcohol. 
Reduced by Zn and HC1 to 

C - H i .CII(0H).C I1 lI a (C0 2 H) 2 .—CaA" aq.— 
BaA" 5aq.—A.gA". 

Methyl ether Me.A". [101°]: needles. 
Ethyl ether EtA". [101°]: prismB. 
Benzophonone tetra-carboxylic acid 
C h H y CO.C„U(CO JI),. From bcnzoyl-iso-durens 
and KMnO, (F.ssner a. Gossin, Bl. [2] 42, 170). 
BENZOPHENONE CHLORIDE ia exo-Di- 

OnLORO-DI-PIIENVL-METIIANE (q. U.). 

BENZOPHENONE OXIDE v. Di-phenylenb. 

! KETONE OXIDE. 

BENZOPHENONE SULPHONE C ia H.SO s f.fc 

I [187°]. From benzophenone 

! and fupiing H 2 S0 4 (Beckmann, B. 6, 1112; 8, 
992). V. sol. ether, sol. alkalis; converted by 
water at 190° into an isomerido (?) [175°]. 

! BENZOPHENONE DI-SULPHONIC ACID 
: C, 3 H h (S0JS) 2 0. From benzophenone and fum* 
j ing H. 2 S0 4 by warming (Staedei, A. 194, 314), 
i Converted by potash fusion into phenol and jp- 
! oxy-benzoie acid.—BaA". 
i Chloride CO(C (i H < SO a Cl) r [122°] (Bebk. 
: mann, B. 8, 992). 

! BENZOPHENYL-t?, Benxoyl-phinU r. 
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ummuzmo ACID <i Gunoxr- hoar* the prodmrt U ponr»d upon powdered foe, 

tfnrsnn immnumo ien> (tt. v.). and the new body extracted with ether.—3. By 

BPCZO PUTACOLIH ia Bknzpinaooliw (q. v.). beating di azo-ace tic ether with bentoio aid© 
BWZOPIHACONE is Bbkzpinaconr (q. t>.). hyde (Buchner a. Curtius, J9. 18, 2871).—8. By 
BBHZOQBINOL is HYDRoQrTrNONjj (j, t'.). hcafing EtONa (140 g.) with benzoic ether 
BENZOQtJINONE is Qcinonk (q.v.), (800 g.) at 100°, mixing the product with acetio 

BBNZORESORCIN t>. DioxYnKNzorHExoxB. ether (850g.) and heating for Id hours at 100° 
DI-BENZ0-RE80RCIN t». Dioxypiikxylkxk- (Clfiscn a. Bowman, II 20, 051). i. Jly the 
M-pebnyl-di-ketoxb. action of cold couc, lLbO, upon (u)-bromo- 

BENZOSTILBINE is lophinc (r. p. 471). cinnamic ether (Michael a. Browne, R. lj), 1802). 
BENZO-SUCCIN IC ACID v. Bknxoyi.-succinic I Properties.- - Colourless oil. Partly docom* 

acid. posed when distilled. SI. so 1 , water, sol. alcohol 

BENZ0THIAMIDE t\ Tnio-r.KN/AMinB. and ether. 

BENZO-TOLUIDINE r. Puknyi, amiuo-toial Reactions. --1. The alcoholic solution gives 

mtonk. with Fo,Cl (i a violet colour.- 2. Boiled with water, 

BENZTROPEfNE r. Bkxzoyl* ntopKiXK. or dilute H.80„ it gives acetophenone, alcohol, 
BENZOXAMIDINE v. Bkn/.amii»o\im. and CO.*. — 8 . Boiling for 8 minutes produces 

BENZ-0XIMID0-AMIDK r. Binzamidoxim. d< hydro-benzoyl-ftcetio acid (q.v.). Boiling for 
BENZ-0XIMID0-ETHYL-ETHER 80 minutes forms two isomerides (0,11 „<)..)„. 

CJEfnNO, i.e. C h H,.C(OKt):N011. Formed by One of these (n« 8 ?) crystallises in plates, 
the action of hydroxylamine hytlruchlorido on ' (275 n j, m. sol. hot alcohol, v. si. sol. bouzeue; 
benz-imido-ether (t\ Binzonukii.p). (Pinner, B. \ sol. alcoholic NaOJl but ppd. by CO.*. The 
17, 184). Colourless fluid. Decomposes on second (n 1 ?) is an acid, not being ppd. by 
distillation. CO. from its solution in alcoholic NaOJl; cone. 

BENZOXY- v. Bcn.y>yl-Ox\-. 11,SO, forms a yellow solution, turning violet 

BENZOXY-PROPIO-tAKBOXYLIC ACID v wh. ii warmed (Perkin, jun., C.J. 47, 2li2).—4. 
Cardoxy.iiknzoyl-viioi'Iomo Ann. NaNO.. and IPSO, added to tho sodium derivt 

BENZOYL, Tho radicle CJI.-CO, Benzoyl | live produce an oxim of benzoyl-glyoxylio ether, 
derivatives obtained by displacement of 11 in : Pli.CO.t’iNOlIl.COjEt [12P], whence alkalis 
amidogen, imidugen, or hydroxyl, are described produce a substance C„11 M 0 ( [125°]. 
tinder the compounds from which they are thus Metallic derivatives. B/.CllNaCO,Et. 
derived. (lot by a«lding NaOKl to alcoliolio solution of 

Di-benzoyl is called Br.N/n, b/. t\). the ether. Silky needles, turns brown in air; 

BENZOYL -ACET-CARBOXYLIC ACID v. insol. ether. - (C„II ll 0 3 ),.Ba. — G^^AgO,.— 

Acetophenone M-cAiuioxvi.ic A«n>. (C ( ,H n O M l a Cu: pale green; solublo in aqueous 

BENZOYL-ACETIC ACID (' 11,0, i.e. NaOil. On boiling Cu,0 is ppd. 

C,H s .CO.CH ; .CO JI. Acefaph* ..one w-carbarylic Nitrile v. Bk,nzoyi,-acictonitiiilb. 

acid, [lot" 1 . Benzylidene-benzoyl-acetic ether 

Formation. • 1. From the ether by leaving C, i llyCll:CBz.CO, ( Et. [U9°J, From benzoyl- 
it 24 hours with cold dilute IvOii (8 per rent.), ; miotic ctljer and benzoic aldehyde, either by 
cooling to 0 ° and then adding dilute II.SO,, passing HC1 at 0° into tho mixture, or by heat- 
The acid is then ppd. as white Hakes (Baeyer a. ing in a sealed tube (Perkin, jun., C.J. 47,210). 
Perkin, B. 15, 2705; lf>, 2128; W. If. l'erkin, Monodinio prisms: a:b:c =» 1*27-10: l: *7460; 
jun., C.J. 45, 170). - 2. From pheml pr«>piolic 0 •••= H(>° 3G'. Sol. hot methyl alcohol. Gone, 
acid and cone. 11,80,, the solution b« iug poured U..SO, forms a yellow solution, which bccomeB 
upon ice.— 8 . From tho ether by allowing it to i colourless on heating, 
stand for I t days with 20 vols. of cone. II .SO, j Bcnzylideue-di-benzoyl-di-acetio acid 
and then pouring upon ico (Perkin, G\«7.47.2 JO). ; (CO Jl.CIIBz)*CIIPh. (180°]. Tho ethers of 
ProperH<s.~- Minufo needles, which polarise this acid are formed by dropping diazo-unetio 
light (from benzene at 70° containing a lit* I.? ethers (2 mols.) into benzoic aldehyde (8 mols.) 
light petroleum). At 104° it melts, ami giws at 170 ^ (Buchner a. Curtius, B. 18,2874). They 
of* CO... SI. sol. light petroleum, v. sol. alco- dissolve iieeonc. 11,80, forming rose-coloured 
hoi, ether, hot benzene, and hot water. F«*.CI S •solutions, which turn brown on warming. The 
colours its alcoholic or aqueous solutions re ddish- . acid and its ethers give off a smell of hyacinth© 
violet. when burnt. 

Reaction. —1. Healed alone or with dilute Methyl ether (113°} :*pri£ns. 

H,80, it gives acetophenone and CO,.—2. ’ihe ■ Ethyl ether (103°J: tables; NaOEt 
ammonium salt gives witlv-AgNO, a pp.of Ag.V; added to its ethereal solution give© 

with FcjCl,; a blackish-violet pn.; with FeSO, • (CO_Kt.CNaI5z) 4 CIlPiJ. 
no pp.; with CuSO„ a urcenish-Jellow VP jf Di-bcnzoyl-acetie aria CJJBz r COJl. [109°]. 

Methyl ether Me 1 '. An oil prepared by Formed by the action of BzCI on sodium 
the action of cone. H.,SO, on methyl* phenyl- benzoyl-acetic ether, and saponification of the 
propiolate (\V. H. Perkin, jun., a. Caiman, C.J. product with KOIi (Baeyer a. Perkin, jun,, S. 
40,154). Fe t Cl t gives a violet colour in alco- 10,2188; C.J. 47, 240). Slender felted needle©, 
holic solution. Sodium ethylate gives a white , si. sol. cold alcohol and water, v. sol.ether; sol. 
amorphous salt, C.H s .CO.CHNa.CC*,Me. This aqueous alkalis. Fe^Cl, gives a red colour©- 
©alt is v. sol. water and hot alcohol. tion. Cone. H 80, gives no colour on warming. 

Ethyl ether. A'Et. (265°-270°) at 700 Reactions. 1. Boiling water splits it np 
mm.; (230°-235°) at 200mm. ! into di - phenyl - methylene di - ketone, 

Formation.— 1. From phenyl-propiolic ether (C,H v CO),Cll ; , and CO ; . — 2. Boiling dilut© 
(100 g.) and ^04 (3000 g.) at 0°. After three 11*80, gives acetophenone, benzoic acid, and 0O r 
VobL II 





Balt.—A ja. 

Ethyl 7th$r EiA'. Oil; not solid at -10°. 

Me thy l-btnzoy 1-ace tio acid is (a)-B enzoyl* 

raopioino acid (5. v.). 

Ethyl - benzoyl - acetic acid BzCHEt.CO^H. 

From NaOEt and EtI on alcoholic 
BzCH^COJSt, and saponifying the oily product 
by allowing it to Bland for some days with alco¬ 
holic KOH (Baeyor a. Perkin, jun., J). 1(1, 2130; 
C. J. 45, 180 ; 47, 240). Small needles, melts 
about 115° with Blight decomposition. Easily 
solublo in alcohol, ether, and bon/.eno. Boiled 
with diluto alcoholic KOH, it gives phenyl- 
propyl-ketone; benzoic and butyric acids are 
also formed, especially if the potanh bo strong. 

Ethyl ether EtA'. (202°) at 225 mm. 

Propyl-bcnzoyl-acetic ether BzCilPr.COJ'H. 
(230 ) at 225 mm. Prepared liko the preceding. 
Alkalis from phenyl-butyl-kotone. PC1 5 forms 
0 -chloro-a-propyl-cinnamio ether. 

leopropyl-benzoyl-acetic ether 
BzCHPr.CO.Et. (237°) at 225 mm. From bonz- 
oyl -acetic other, N 11 , and Prl. 

Iso-butyl-benzoylacetio ether 
Bz.CH(ClI,.CllMe a ).CO,Et. (247°) at 225 mm. 
Prepared liko tho preceding (Perkin a. Caiman, 
C. J. 40, 105). 

Di-ethyi-oonzoyl-acetic acid DzCKt.CO.H. 

[t28°—130’*J. From Bz.CHEt.CO.Et by NaOEt 
and EtI. Tho diethyl-hen/,oyl-aeetio other is 
saponilied by Btanding for weeks with dilute 
alcoholic KOH (Baoyer a. Perkin, jun., B. Id, 
2131; G. J. 45, 183). Heated alone or with 
dilute H,KO, it gives off CO r Boiling diluto 
alcoholic KOH forms benzoic acid, dicthylucctic 
acid, and di-ethyl-acctophenoiie (i>. umyl-phenyl- 
kotoue). 

Tri-benzoyl-acetio ether. CBz,.COEt. From 
ethyl ui-benzoyl-acetate, NaOEt, and BzCl (Per¬ 
kin, jun., C. J. 47, 240). Thick yelhyv oil; sol. 
alooholic KOH but ro.ppd. by \vat«(K Boiling 
diluto II..SO, forms acetophenone. 

BENZOYL-ACETIC-ALDEHYDE 
Cgll^CO.ClL.CllO. Prepared by dissolving 
sodium (1 atom) in 20 or 30 times its weight of 
ahsoluto alcohol, cooling to 0 \ and adding aceto¬ 
phenone fl mol.) and formic ether (l mol.). On 
long standing tho sodium compound separates ns 
a granular pp.; this is dissolved in water and tho 
aldehyde ppd. by acetic acid. Colourless un¬ 
stable oil. Cupric acetate gives a pp. of bright 
green needles, which soon clfhnge t<%dark-gieen 
prisms. It reacts with amines vorv readily. • 
/I nilide C d H v CO.CH ..CH:NCX: [141°]; 
yellow prisms or plates; sol. hot alcohol. 

p-Tolu idefJJi".CO.CH r CH:NC,H,; (1G0°- 
1C3°]; small yellow crystals. 

( 0 ) - Nt 1 p h t h y l ami d e 

CJlyCO.ClIXlBNC^U,: [182°]; small bronzy* 
crystals; si. sol. almost all solvents (Claisen a. 
Fischer, /*. 20, 2101). 

BENZOYL - ACETIMIDO - ETHYLIC ETHER 

C # H,.CO.CH r C(NII).OEt. [80°*5 corr.]. 

Benzoyl-acetonitrile CJlvCO.CIIj.CN treated 
with alcoholic hydrochloric acid gives rise to 
0 B H 4 .CO.CH r C(N HHCl)OEt and this losos HC-t 
when treated with ammonia giving tho imido- 
ether (Haller, Bl. [2] 48, 24 ; G. It. 101, 1418). 

Properties .—Prisms or tables. V. sol. ether. 

Reactions. - KNO. and H.SO,give thenitroso- 
derivative C # H*.CO.CH..Ct'N.NO).OEt [117 J, 


which gives Liebdrro&nn's reaction, The hydro¬ 
chloride of the base dissolved in aqueous alcohol 
deposits MH,C1 and benzoyl-aoetio ether is left 
in solution. 

Hydrochloride B'.HCl. [140° oorr.J, 
Entangled needles. Insol. aq and ether. Strongly 
irritates the mucous membranes. 

BEN Z0YL-ACET0-AGETIC ETHER v. p. J21. 

BENZOYL-ACET0-CARBOXYLIC ACID v. 

AciCTOPHFNONE CAIUMXYLIC ACID. 

BENZOYL-ACETONE C 10 H lo O a t.e. 
C a II s .CO.CH z .CO.CH 3 . Phenyl methyl me¬ 
thylene di-hetone. Acetyl-acetophenone. Acetyl- 
benzoyl-methane. [01°J. (201°). 

Formation. —By the action of dry NaOEt 
upon a mixture of acetone and benzoio ether 
(Claisen, B. 20, 065). 

Preparation. - 1. Benzoyl-aceto-acotic ether, 
formed by tho action of benzoyl chloride upon 
sodio-aceto-acctio etln*r, is boiled with water for 
a few hours; the yield is 25 p.c.—2. Prepared 
by adding acetophenone (1 mol.) to a cooled 
mixture of acetic eth^r (about 2 mols.) and 
nleohol-freo sodium ethylate; yield: 80-90 p.c. 
of tho acetophenone (Boyer a. Claisen, B. 20, 
2078). 

Copper compound (C 10 H l ,O..). i Cu : formed as a 
palo green pp. by adding cupric acetate to tho 
alcoholic solution. It is m. sol. alcohol and 
benzene, from which it crystallises in bright 
green needles. 

Amide CJI,.CO.CII,.C(NH).CH 1 : [143°); 
clear glistening trimetric crystals, a:b:c 

- *9927:1: -8820. 

Anilide C„H,.CO.CH,.C(NPh).CH s : [110°]; 
plates. By warming with li.^SO, (lOpts.) it is 
converted into (Py. l:3)-phonyl-rnethyl-quino- 
liuo (Beyer, B. 20, 1770). 

! Properties. — Crystals; distils undecom- 
posod; volatile with steam. Sol. hot water, 
alcohol, and ether. Dissolves in alkalis with a 
yellow colour. 81. sol. strong acids. FejGl, 

! gives a dark-red colouration. 

Reactions. - By warming with alkalis or by 
, long boiling with acids it yields acetophenone. 
It has slightly acid characters, tho H of the 
central C1L group boing replaceable &b in 
aci'to-ncetic etiier, sinco it lies between two 
CO groups. By heating with strong aqueous 
NHj at 120 3 it is converted into the imide 
C s H i .C(NII).ClL.CO.CH s 
or Cjr v CO.CH l .C(NII).CH 3 . It condenses with 
(l mol.) of phenyl-hydrazine with elimination 
of 2ILO, forming imthyl-di-phenyl-pyrazol 
(Fischer a. Billow, B. 18, 2131). 

Balts.- C 10 1J„(>.Nh : small yellowish plates. 

— C,,H„OjAg; white pp.; v. si. sol. water 
(Fischer a. Ku/.el, B.. 10, 2239). 

Oxim C, 0 H, l O.,Ni.c.C a II v C(NOH)CH r CO.CH I 
or^H v CO.Ci,.C(NOH).CH r [00°]. Formed by 
hearing benzoyl-acetone with hydroxylamine 
hvdrooirioride in alcoholic solution (Ceresole, B. 
17, 812). White glistening scales. Volatile 
with steam. V. sol. acetone, benzene, and 08* 
insol. water. 

Di-ben^yl-acetone (CJI^.CO^CH.CO.GH,, 
[102°]. Formed by the action of benzoyl 
chloride upon sodio-bonzovl acetone (Fischer a. 
Billow, B, 18, 2133). Small needles. SoL 
alcohol and ether, v. sL sol. water. Sodiam 
has no action upon it. 
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BENZOYL • ACXTONHC1DE O u H u NO U 
C # H v O(NH).CH r CO.CH l or 
C # H v CO.C5H r O(NH).CH,. [143°]. Obtained by 
beating benzoyl acetone with strong aqueous 
NH, at 120° (Fischer a. Biilow, B. 18, 2134). 
Distils undeoomposod. Small plates, or largo 
quadratic crystals. V. sol. dilute acids, by 
heating with which it is converted back into 
benzoyl-acetone and Nil;,. 

BENZOYL-ACETONITRILE C.H^O i.e. 
C # H V C0.CH.,CN. 

Cyano-acetophenone. [81° cor.]. Formed by 
the action of boiling water on ben/.ovl-eyauacctie 
ether C.H s .CO.CU(CN).CO,Kt (Ilaller, HI. (2! 
48, 23). White needles, sol. boiling water, alco¬ 
hol, ether, and alkalis. Boiling wmc. KOI I 
acts thus: C„Il y CO.CH ..ON + 2K110 + 11 O 
-NH,4 CJI y CO,K + Cli s .CO,K. In alcoholic 
solution gaseous IIC1 gives a bodv C,,H,,4> NCI 
(probably C„H y CO.CH..C(N 1111CI )()Kt' 1lOcorr.]; 
whence ammonia in the cold gives the imido- 
ether C, i II > .CO.CIL.C(NlI).OKt). If the action of 
the alcoholic 1IC1 is j*r- longed, tho productsa.o 
the same as with KOIJL 

Silver salt C„H,.CO.CHAg.C’N. While pp. 
Insol. nq and alcohol; sol. ammonia. 

BENZOYLACETOPHENONE v. Di-riir.xvL 

UKTHVLir.NK DI-KETONE. 

BENZOYL - ACETYL-ETHANE v. Ackxo - 
XHENOKE-ACETONE, p. 30l 

Di-benzoyl-di-acetyl-ethano 

C^llj.CO.CII.CO.ClI, 

C to H is O, i.e. I . Biphenyl- 

C„I f ..CO.CII.CO OIL, 

di-mcthyl-acctyUnc-tetra-kftmu • ( 175°]. Formed 
by tho action of an ethereal solution of iodine 
upon 2 mols. of sodio-benzoyl-acetone (Fischer a. 
Hiilow, B. 18, 2133). White needles. Sol. hot 
alcohol, h1 . sol. ether, insol. water and dilute 
alkalis. Decomposed hy boiling with alkalis. 

BENZOYL-ACRYLIC ACID 
C,H y CO.CH:CU.CO,Il. White plates, [04° J, 
from water ; after fusion its melting-point is 
altered to [07° j. Long needles, | 0'J J J from 
toluene. SI. sol. cold water and ligioin, v. sol. 
other solvents. Prepared by tho action of 
ALC1* on a mixture of benzene and maleic an¬ 
hydride. By alkalis it is decomposed into 
acetophenone and glyoxylic acid. On heating 
by itself or with Ac .O, it gives a red condensation 
product (Pechmann, It. 15, 885). 

Bromine aillition product [135°]. Colour¬ 
less crystals. 

BENZOYL.ALLOPHANIC ACID t>. p. 127. 

BENZOYL-ALLYL-ACETIC ACID v. Ali.yl- 
SIXZOYI.-ACETIC ACID, p. 135. 

BENZOYL-AMIDO- v. Amido-. 

BENZOYL-AMIDO-ACETIC ACID v. Hip* 
PUMC Acid. 

BENZOYL . AMMELINE E lo H,N 4 0 2 i.e. 
C,H,BzN 4 0. 1*rom sodium cyanamide and BzCl 
(Gerlich, J. pr. [2] 13, 272). Brown rcSin, insol. 
water and ether, sol. alcohol and aqueous 
alkaliB. Besolvcd by distilling in a current of 
hydrogen into benzonitrile, carbonic oxide, and 
cyanamide. . 

BENZOYL-ANILIDE v. Aniline. 

BENZOYL.ANILINE v. Amido-benzophe- 

MONE. 

BENZOYL-ANIS1D1NE v . Benzoyl-methyl- 

AMIDO-PUZNOL. 


I ». BENZOYL-AZOTIDK «. p. 470. 

BENZOYL-BENZENE «. SsNKMnjrova, 
Di-beaioyl-bsnitaa v. Phxhalophenone* ' 
BENZOYL-BENZIDINE v. Di-Xuu>o - Dt- 

PUfe.VYL. 

j • BENZOYL-BENZOIC-ACETIC ANHYDRIDE 

! C„H 4 .CO.C b !I 4 .CO.O.CO.C1Ij,. (112°]. Prepared 
: by heating o-beiizoyl-bcnzoio acid with acotio 
| anhydride* to 100 ° (Freiher a. Pechmann, B. 
I 11, 1805). Largo crystal?. Insol. alkalis. At 
! 200 it decomposes into acetic and benzoyl* 
i benzoic anlivdrides. 

j o BENZOYL-BENZOIC ACID CJ\ l0 O t U 

' CJIj.CO.C^IIj.COjH (1:21. Benzophcnone car • 
boxy lie acid. Mol. w. 228. (87 J (Z.); (04°J 
(Hemilian, It. 11, 838). 

Fonuatioii.—l. By oxidation of o- benzyl- 
toluene (Zincko A. Pluskuda, It. H, 007), phenyl* 
o-tolyl-kelonc (Bohr a. Van Dorp, If. 7, 17), 

J or di-benzyl-henzene (Zincko, It. 0, 32) with 
! chromic mixture. 

■ Preparation .—150 gnus, of Al a Cl 4 are slowly 
added during 3 hours to a solution of 100 grins. 

i of ]dithalic anhydride in 1080 grins, of benzene 
(pure), the benzene is then poured off and can 
he used at once for a fresh operation, whilst the 
solid lesiduo is washed with dilute 11C! and 
with water, dissolved in Nad JO* and the acid 
, precipitated from the Solution hy 1101 , and 
j finally recrystallised from xylene (3 pis.); the 
yield is 00 p.c. of the phthalic anhydride used 
i (Friedcl a. (’rafts, C. Ji. HO, 1308; 02 , 833; 

! Freiherr a. Pechmann, It. 13, 1012). 
i J Properties, --Triclinio needles (containing 
' a«i). When dry it melts at 128’. 
i Bead ions. 1. P a 0 4 at 100 J forms nnthra- 

! quinono.— 2 . Hot fuminy sulphuric- acid forms 
| anlhraquinotie Rulplmnic acid (Liebi-rmann, B. 

7, 805). —3. Sodium a mat yam first reduces 
it to C # U y Cll(()ll).(\U 4 .COJi and thon to 
C # H V CI1 .!0,iH,.(3() II. 4 Resorcin, pyroy allot 

! Ac., on healing, h>rm phthahins. 5. With 
j phenyl-hydrazine it gives a condensation-pro- 

j O l’h 

duct C.H.^NjPh [182 '] (Itoscr, 1J. 18, 805). 

j CO 

• This forms small needles, si. sol. alcohol, inaol. 

■ water. 

Salts. — CaA' 2 . — BaA' a . — ZnA'/iaq. — 
1 CuA'...aq. 

! Metluyl etJnr MoA'. (62’J: prisms, 
j Ethyl ether EtA'. [ 68 °]. 

I Anhydride (Bz.C*H 4 .CO)*0. [120 j (Peoh- 
' maim, B. 14, 1800). 

] m-Benzoyl-benzoic acid I*h.CO.CJI 4 .CO g H. 

j [1:3]. [101°]. 

! Formation.— 1. From phenyl -w-tolyl-me* 
tlmne (10g.) f K 2 Cr a O ? <00 g.), H*S () 4 (00 g.) and 
; water (270 g.) hy boi!i.% for 3 days (Botering; 

; Senff, A. 220 , 237). It is pinifbd l»y reduction 
to Ph.CII(OIL.C.Ii,.0<LNa hy sodium amalgam, 
crystallising »Li- salt from water ami oxidising 
again with JLK <) 4 and K .Cr 2 0,.—2. Aquantitativa 
yield is obtained hy treating phenyl-m-tolyl- 
i methano at 130' with bromine-vapour sufficient 
j to form Pb.CH 2 .C*il 4 .C}L f Br and treating tha 
I product with chromic mixture for 12 hours.— 

8 . From Bz,0 (l mol.) and BzCl (2 mols.) is 
! presence of ZnCL (Doebner, A. 210, 277 ; B. I4 g 
! 048).—4. Formed au a by-product in the pr» 

1 it 2 



I nation oit*ophtii*Ioph6nond bjthe action df 
ELO\, <ma murttuee ot benzene end iBO-pnthaljl 

twonde ^Xdot, B. 18, Ml). 

Properties."— Long silky needles (from water 
or glacial acetic acid), or Bmall plates (M>m 
alcohol). SI. sol. cold water, v. sol. benzene 0 / 
tolucno, v. e. sol. alcohol or ether. May be Bub- 
limed as plates. Dissolves in none. HLSO, giving 
no colour. Potash-fusion gives benzoic acid. 
Reduced by sodium-amalgam to ero-oxy-benzyl- 
benzoic acid (7 »\). 

Salts. RiiA'a Ityq: white crystalline pow¬ 
der. BaAL 4aq: Hinall plates.—-Ca A'.. 2aq : 
white crystalline pmvdor.—AgV : white leaflets. 
Methyl ether Me A' [<>‘2.. 
»-Bo&zoyl-bet.zoic acid 0 H .CO.C 11 II,.COj l H 
(1:4]. [19t J J. Formed by oxidation of phenyl- 
n-toiyl-methane.phenyl-p-tolyl-ketone.p-pluMiyl- 
Dcnzophenone or di-benzyl benzene (Zineke, A. 
101, IH ; R 0,007; 0. 32; (ioldschmiedt, M. 2, 
438). Mnnudinio plates (from water). V. si. 
sol. cold water; si. 1 . 0 I. hot water (difference 
from the <>. acid), v. sol. alcohol and ether, si. 
sol. hen/.ene. Sublimes in plates. 

Salts. ChAj Uii'|: needles. --UaA' a 2u«|. 
AgA': v. hI. sol. wafer. 

Methyl ether Me.V. fl07°J. Satiny plates. 
Ethyl ether F.t.W [52°J. Monoclinic. 

DI BENZOYL-BENZOIC ACID C, t H, 4 0, i.e. 
((J ll H y (-O)..C,ll,.C0JI. Two acids of this com¬ 
position hid formed, together with an acid 
C,J I by oxidising the hydrocarbon ( 1 , 11 *., 
obtained as a by-prnmict in the preparation of 
benzyl toluene (Weber a. Zinrkc, If. 7, 11'id). 

(a)Aoiil. (H *2 ’). Uesinous, and forms lesi- 
nous salts. Potash fusion foims benzoic acid 
and u small quantity of an acid C, ,11 

f/))-Aoid. [212°’. Needles, insol. wafer, v. 
sol. alcohol and other. Its salts are si. sol. 
water. Ft hvl et he r Ft A'. ! 107°}. • 

DI-BENZOYL. BENZYLIUEN E - Dr ACFT1C 
ACID v. Itenzyli'lene di Pi-nzoyi in w tiic acii*. 

BENZOYL BENZ0TR1CHL0KIDE v. Piiknyl 
TR i-cni.nr.o-r.» i.y t. kktonh. 

BENZOYL-RENZYL-ANILINE v. Bknzyi.- 

iNXLlNR. 

BENZOYL-BENZYL CHLORIDE r. Ph. nu, 

CHLOUP-TOLYL KM'i’NK. 

BENZ0YJ BENZYLIDENE CHLORIDE e. 
Phinyii m i iitoR > Tor.\n xktokp. 

BENZOYT.-BKOMANIMNEr. Huomo-asiunt. 
BENZOYL BROMIDE C„H,.CO.Br. (*»19°i.Y.i. 
fa little below 0°J. S.O. 1* I s*.7. Colourless 
fluid, which fumes in the air. 

Preikiration.— Benzoic acid (500 pta.) is 
warmed with phflsplfbrus tribromido (740 nts.) 
and the product is separatfil from the phos¬ 
phorous acid hv distillation in menu; the 
yield is 400 pts. (Claisen, 7>. 14,2-473). The eo 
called benzoyl bromide of Liebig and Wohler 
f.t. 3, 260) and of PatornA was probably benzyl- 
ideno • bromide - benzoate, CJl^CIIBriOIL:), a 
compound of benzoic aldehyde with benzoyl 
bromide. 

BENZOYL - BR0M0 - NITRANILIDE r. 

RaoMv)-Nnn<'-\Nii ink. 

BENZOYL - BR0M0 - PHENOL v. Bromp- 

fUKNOL, 

DI-BENZ0YL-I80BUTYR1C ACID 

(C^HiCO.CHbCH.COH. />; - ph.'naeyl-acetic 
9cid. [133% Formed by loss, ol CO„, by heat- 


log di - 0 • benioyl «4l -aieihji • mxloftfo acid 
(Ba,GH i ),C(0O^:) r Silky needle*. V.tbl.ftko 
hoi, ether, acefcio acid, and hot benzene, inaoi. 
ligroln. — A'Na: glistening needles (Knes a. 
Paal, B. 19, 3147). 

BENZOYL-CARBAMIC ACID. 0,11,NO,. 
Ethyl ether C s II s .CO.mC0 2 Et. [110% 
Formed by boiling benzoyl-thiocarbamic ether 
in alcoholic solution with 1’bO (Lossner, J. pr . 
[2] 10, 254). Needles (from dilute alcohol), si. 
sol. water. Decomposed by aqueous KOII into 
KOBz, alcohol, Nil,, and K.,C0 3 . Alcoholio 
KOH giveB a pp. of CJI-.CO.NK.CO.Kt, v.e. sol. 
water. 

BENZ0YL-CARBIN0L Ph.CO.CII.OH [86°]. 
j Ph.C(OH) a .ClPOH [74 j. E.vo ■ oxy - phenyl- 
methyl ketone. Or y-acetophenone. Aceto-phs* 
none alcohol. Phcnaeyl alcohol. 

Formation. —1. By the action of alkalis on 
tho acetate or chloride, C„ll v CO.CIi 3 Cl.—2. 
From phenyl-glycol (2 g.) and UNO, (6 o.c. of 
N.tr. 1‘3G). The mixture is warmed and, as 
booh as reaction sets in,sit is cooled. The pro¬ 
duct is diluted, neutralised with Na CO a , and the 
crystalline carhinol filtered olf. Ether extracts 
a further quantity front tho filtrate (Hunaeua 
a. Zineke, /,*. 10, 11*7). 

J'tvperlie-i. Prisms or plates (from benzol¬ 
ine). Large crystals (from alcohol or other). 
V. sol. ether, alcohol, or CHCI,. Largo plates 
containing H a O (from water or dilute alco¬ 
hol). In drying those, decomposition readily 
occurs, benzoic aldehyde being formed. The 
: ciuliinol combines with NuHSO,. Readily re- 
i duces ammouiacftl silver nitrate or Fchling’s 
. solution, the chief product, of the oxidation being 
I niandelic acid C < lI,.(Tl(OH).CO ;! H (Breuer a. 
Zineke, ]>. 13, 035). 

; /.V n tions.-l. lli ated alone it gives off 

benzoic aldehyde and a pungent body.— 
2. Heated with aqueous NaOH or baryta it 
j becomes yellow and forms benzoic aldehyde.— 

: 3. Water at 140’ acts similarly. — 4. With 
| 1ICN it yields tho nitrilo of atroglycerio acid 
I CH.(OH).CPh(OH).CO,H (Plochl a. Blumlein, 

| JJ. 10, 1200). 

, Acetate Ph.CO.CII 2 OAc. [49°]. (270°). 

: From chloro-acetopheuono and AgOAc (Graebe, 

J /»’. 4, 34) ; or from the carhinol and Ao.0 
; (Zineke). Trimetric tables (from benzoline). 
V. sol. alcohol, ether, or chloroform. M. sol. 
benzoline. 

• Benzoate. Ph.CO.CH 2 OBz. [117°] (Zineke). 
From cbloro nceto-phenone and AgOBz or from 
benzoyl - carhinol and Bz O. Small tables 
. (from dilute alcohol). V. sol. ether, benzene, 
or CHOI,. 

j BENZOYL CHLORANILIDE y. Ch*x)ro-ani. 

; Sink. 

I BENZOYL CHLORIDE C ft lI y CO.Cl. [-1°] 
(Lichen, A. 17n, 13). (198°). (194°) (Briihl, 
A. 235, 11% S.G. > ’ 1-21; ? 1*2122 (B.). V.D. 
4*99 (calc. 4*90). /u B ~ 1*5537. S.Y. 126-3 
(Uamsay). 

• Format ion. —1. From chlorine and benzoio 

! aldehyde (Liebig a. Wohler,.4.8,262).—2. From 
benzoic acid and PCI, (Cahours, .4. Ch. [3] 23, 
334..—3. From benzoates and POC1, (Gerhardt, 
A. Ck. [3] 37, 291).—4. In small quantities, by 
the action of Cl up<xn mandelic aoid or on ben* 

, Boie ethers (Malaguti, A. Ch. [2j 70, 374).--^ 




BKNZYL-BENZENK. m 


B 19, 8233),—10. In ooniidenLble quantity by 
beating benzaldehyde with glycoooll (Curtins a. 
Lederer, B. 19,2402).—11. Together with di- and 
tri- benzyl-amino, as a by-product, in the pre¬ 
paration of di-benzyl-hydroxylamine from hy- 
droxylamino hydrochloride, benzyl chloride and 
NaOH (Walder, B. 19, 3293). 

Properties.— Liquid, miscible with water, 
alcohol, and ether. Separated from water by 
KOH. Strongly alkaline, absorbs CO., forming a 
crystalline carbonate, and fumes withllCl. Willi 
cyanogen it forms a compound (C.H B N) s tCN), 
[140°) which crystallises from alcohol, and'forms 
a hydrochloride (C.II W N T UCN) .21IC1 (StrnkoM-h, 
D. 5, (593). 

Salts.-— B’HCl: large leaflets or flat tables. 
—B'HBr.—lY.jH.Pt Cl*: orange tables or y« low 
plates, si. sol. water. - IY.ILS0 4 . 

Acetyl derivative C^UyCll. NHAc [Gl 0 ]: ' 
(300°); crystalline solid, sol. water (Amsel a. . 
Hofmann, li. 19, 1285; Strakosdi, 11 it, (197; , 
Itudolph, D. 12, 1297). j 

Di-benzylamine C u iI, 4 N i.e. NH(CH..CJI,).. : 
8 .G. 1033. ' ' j 

Formation .—1. By the action of Nil, on 
CJI.ClL.Cl or by reduction of ben/.onitrile (r. 
supra). 2. By the action of bromine-wat< r on 
tribcnzylamine (Limprieht, .4. Ill, 313). 3. By 
boiling benzoic aldehyde with ammonium for¬ 
mate (Lcuekart n. Bach, Jt. 19, 2128). 

4. Occurs together with mono- and tri-benzyl- 
amine us a by-product in the preparation of 
di-benzyl-hydroxylamine from hydroxylamine 
hydrochloride, benzyl chloride, and NaOH. - 

5. Formed by the action of PCI,, upon di-benzyl- 
hydroxylamine and treatment with water, the 
reaction probably being: 

(C 7 H-)..N.01I t- PCl a «((:.rr.)..N. 0 . 1 »Cl .,4 IlCl and 
(C.H-).N.O.PCl. + 3H..0 «” 

(C,IL) 2 NH 4 Il. t P () 4 + 211Ci(Walder 1 /J. 19, 3287). 

Properties. - Liquid, insol. water, v. sol. 
alcohol and ether. Does not absorb C0 2 from 
the air. On distillation it decomposes into 
s-di-phenyl ethane,.s-di-phenylethylene,lopliine, 
and various bases (Brunner, A. 151, 133). 

Salta.—B'HNOj[180°], very sparingly 
soluble thin glistening needles.—lYIICl •250-']. 
—B'HBr [270°]. -B'HI [224°].—B'Jl.PtCl,: 
golden-yellow noodles. 

Nitrosamine (C # II v ClL),N.NO: [til 0 ]; 
white crystals: v. sol. alcohol and ether, insol. 
water (\V., cf. Rohde, A. 151, 300). 

PicrylJerivatirc(CJl y CH,)X.OCJI,{SOJ J * 
[171°]; orange plates. 

Formyl derivative (C fl H 1 .CH 2 )..N.CIlO: 
[52°J; (above 300') (Leuckart u. Bach, IS. 19, 
2128). 

Di-sulphonic acia C u H, 3 N(SO,H ) 2 (Lim- 
pricht, A. Ill, 317).-BuA". • 

Tri-benzylamine C 2 ,IL,N i.T. (CJI a .QI.),N. 
[91®]. * . . 

Formation. —1. From b< nzyl chloride ami 
NH S (v. supra).—’2. By heating di-benzylamine 
with benzyl chloride at 100° (Walder, 11. 19, 
3287).—3. Together with mono- and di- benzyl- 
amine as a by-product in the preparation of 
di-benzyl-hydroxylamine from hydroxy,amine 
hydrochloride, benzyl chloride, and NaOH (W.). 

4. By heating benzaldehyde with rather more 
than an equal weight of ammonium formate; 
the yield is 40 p.c. of the benzaldehyde cm- 


! ployed (Leuckart, B. 18, 2841). White plates 
j (from hot alcohol); v. si. sol. water, when 
j heated for a long time with Mel or Rtf at 150°, 
! benzyl iodide and tetra-raethyl- (or ethyl-) 
j Ammonium iodido are formed (Marquardt, 
B. 19, 1027). Fuming sulphuric acid forma 
C J1 II, s (.SO J H),N (Limprieht, A. 144, 311). 

! • Salts.-BTIC1: 1228°]; thick prisms or 

iridescent plans, v. sol. hot alcohol, insol. 

; water. -B' 2 H.CI 2 PtCJ 4 : orange vellow needles.— 
B'lINOj: (125°;.; insol.water.‘ B'HBr: [208°]. 
—BTIBiv B'HI: [178*1.- B'llAhSO,).. 12aq: 
[llO 1 ]; sol. water. 

Mcthylo-iodide B'Mel: [184°]; needles 
or plates; sol. hut alcohol, si. sol. cold water. 

Methylo.hydrate BMe(Olf): crystalline 
solid; alkaline reaction; v.sol. water. On heat¬ 
ing it evolves McOlI forming tri bcnzylamine. 

Methylo-chlori d e-plat i n um - sa 11 
(B'MeCl)J’lCl,: (197°J; orange pp.; insol. cold 
water and alcohol. 

Kthylo-iodide B'Ktl: [190°J; colomless 
rhombic crystals ; sol. alcohol and hot water. 

Tsopropylo - iodide B'PrI: [170°]; 

needles ; si. sol. hot water. 

BENZYLAMINE-ur-DI-SULPHONIC ACID 
O h H i .CH(SO ! ,H).N!l(S()JI). The di sodium salt 
A'Nuj.taq is formed by shaking benzaldoxiin 
with a 30 p.c. sodium hisul]ihitc solution. It 
crystallises in small white needles, v. e. sol. 
water, insol. cold alcohol. By warming with 
dilute acids it is split up into benzaldehyde, 
sodium sulphate, ami ammonium sulphite: 

C # H v Cli(SOjNtt).NIl(S(),Na) i 211.0 
- C'HfCHO + Na..SO, + (N11) ,H SO,. 

Alkalis decompose it in the, cold, and water on 
boiling (Pechmunn, B. 20, 2539). 

, BENZYL-ANILINE CJI V N11(C 7 H ; ). I33°«n. 
cor.], (above 3G0 J ). Obtained by reducing thio- 
bonzoyl-«iline (Bernthsen a. Trompeter, II. 11, 
1700). Formed also by boiling dia/.oben/.eno- 
benzyl-anil’do (50 g.) with HC1 (200 c.c.); the 
yield is 20 g. (Friswell a. Green, It. 19, 2030). 
Yellowish crystals. 

I Salts.— li'IICl [203° uncor.]; white plates; 

decomposed by water.- B'JJXJLlHCl, [108* un- 
j cor.]; slender yellow needles; tolerably easily 
: soluble in water.— B',C Jl.O,.—B'C’dCl 2 . 

| Benzoyl derivative [104°] (Fleischer, 

1 A. 138, 229). 

Di-bonzyl-aniline C # H v N(CIl 2 .0„!I a ) r [67°). 
(above 3(8)°). Prepared by heating a mixture 
of aniline (51 pts.), benzyl chloride (150 nts.) 
and NaOH (30 pts.) on the water-lmth for three 
or four weeks. After cyoling tho solidified 
cake is pressed, diVilled with st'um to remove 
excess of benzyl chloride, washed with hot 
water, arid crystallised from alcohol. Colourless 
needles. V. sol. cthqr, b< nzene, hot alcohol 
and hot acetic acid, hi. sol. cold alcohol and 
cold acetic acid, nearly inso!, water. Weak base. 

Halts. — B'HClaq : glistening prisms. ~ 
B' 2 H..Cl PtCl,: thin orange - yellow scales. 
Iterate B'C,II s (N0 7 ),OH: [132], long yeUow 
needles (Matzudaira, B. 20, 1011). 

TBI-BENZYL-AB8INE v. p. 322. 

BENZYL-BABBITUBIC ACID v. Barbitomo 

ACID. 

BENZYL-BENZENE v. Di-PUK.vrL-JUTHAK*. 

p-Di-benzyl-benzene O^H,, i.e. 
(C.H^.CHJjC.H,. [86°]. Formed, together with 



i at 


o-ltomerU« And di-phrayl methane, by the I PnftrHtt.—S unfiebtllijnlA. TheiiwMpppar 

on ot lino on a mixture of benzyl ohloride : ooupleaote vigoronely upon it, producing two 
and benzene, or by the action of H,SO, on a ' isomeric benzylenes. In presence of ether, the 
mixture of benzene and methylal, CH,(OMe),; zinc-copper oonple prodncea dibenzyl, ZnBr„ 
(Zinoke, B. 6, 119, 221; 9, 81). Transputer,t and C,H,ZnBr, whence water produces toluene; 
iaminffi, si. sol. ether, v. sol. benzene and hot : 2CJLZnBr - 2H ,0 - j 2C.H, f ZnBr, f Zn(OH),,. 
alcohol. CrO, forms (oj-dibcnzoyl-bcnzene and : In presence of alcohol, the couple produces 
v-bnnzoyl-benzoic acid. • toluene and EtOZnBr. In presence of water, 

o-Dl-benzyl-benzene (C,H i .CII J ). i C a H,. [78'’]. tlie couple produces dibenzyl and a little toluene 
Silky needles (Irom alcohol); v. sol. ether ami (Gladstone a. Tribe, 0 . J. 47, 448). 
alcohol. CrO, iornis o*di-benzoyl-bunzone and | BENZYL BUTYRATE C,,H, 4 O a i.e, 
e-bmiznyl-benzoio ifcid. i C t H..CH,.O.CO.Pr. (240°). S.G. ‘V, 1016 (Con- 

BENZYL BENZOATE C.,11,,0, i.e. | rad a. Hodgkinson, A. 193, 320) 

C11CH,O.CO.C,H (324° i.V.1. [21 ). S.G. ; Benzyl isobutyrate Me J CH.CO r CH,Ph. 

rn'* V 12 ; 1 -,... 1 '™" v yl a , C0l ,‘ (228° i. V.). S.G.f? 1-016. Prepared by boiling 

and 11-/.C1 (Kraut, A. lo2, 1.10). 1-ormed also |m alcoliolio solution of benzyl chloride and 
1"-?' < u -1, °. benzaldehydo at potassio isohutyrato for live days with inverted 

100 wtih a small , | uant,t.v of sodmm benzylate; onBer . X he product is mixed with water 
probably the compoundC„1I,C(0C,II ).,ONa is , (mJ t u 0 oi l distilled. 


first formed and then decompose* into benzyl | 
benzoate and sodium bcnzybite, which latb-r i 
again reacts upon a further quantity of henzalde- ! 
hyde, producing more of the intermediate pro- j 


Properties.— Oil, with ptcasant odour. 

Beactions .—When benzyl isobutyrate (00 g.) 
is heated with sodium* (8 g.) a violent action 
occurs, the products being hydrogen, sodic iso- 


, • , . . , * . vvvuiD, vuu Jiuuucin uvuiu Jiyiinrui.il, aumu ar>vi- 

e ‘ ,lu " rl "“ crystillH , butyrate, bcnzylic bcnzyl-isobutyrate (q.v.), sodic 
'“.BENZYL-BENZOIC ACID C.,11,,0. i.r. 
t.H,.Cil .C.ll,.CO,II. Mol. w. 21.. [Ill |. ; 4Me,CU.GO.,.CIl.l , h + Na,-■ 

l-rmn mil urzoyl- ™hc and «» so, imn-anutl. , osio.CfCiU-IO.CO.Cn.+'a.Mc OlLCO.Na , II, 
ganullotcmi,: J. IK,;,,«; IIMM.i Mender , (W . ± ' 1Io ,r ,. ki ,' SOH ;j . ;J;s> 4 , )6) . ' 

necdU-s; may be Mildnm-i ; »l aol. cold water, v. . a.BENZYL-ISOBUTYRIC ACID C M H„0, *.c. 
sol ah-ohoiamh-Uo-r ( «A ,2a,.-CaA',J) n.[. Mc , C(0H j'|,) C0 H. 

toBeniyl-bensokacld ' , **•*»» *tk»r (C,U,)A'. (280*-283»). S.G. 

Ph (’ll ..C l( H,.CO.H. i Urn' 1 ]. 1 i;*’028i». Prepared by the action of sodium on 


,„ o-bcuzoy,- ».,,zoie and am so, ml- 2 Mo,C(CIU>r,).CO..C'n. + 2Me.OIlCO.Na, II, 
„ (Itotcr,,,,, d. ism,H; Slender ; , w . ± (>. j. 38,496). ' 

Miles; may Iw snliliui.-. ; ah sol. cold water, v. . a .BENZYL-I80BDTYBIC ACID C„H lt O, *.c. 
alcohol and ether Ca A s 2aq. -CaAVi M- Me C (CH ..P, BCO.II. ' 


220,217). Yield 10 p.c. of theoretical from :i ~y ) being formed.— 2. It is attacked by alkalis 
toluic acid. 3. A small .pimlify fngt. benzoic with great difficulty, the saponification gives 
other, Ixmzyl ehlmide, ami Xn('l, by boiling. isoDufyrie not bcnzyl-isobutyric acid (\V. It. 

-Slant slender needles (from liof llodgkinsoil, C .«/. 33, *10.1; A. 201, 171). 
water), small plates (from hot dilute alcohol); BENZYL CARBAMATE XIL.CO.O.C.H,, 
si. sol. cold wafer, m. sol. hot wafer, v. »». sol. From benzyl alcohol and urea nitrate at 

alcohol, ether or chloroform. <\>m\ fl.SO. 110° (Campisi a. Amato, B. 1, 412) or solid 
forms a colourless solution. K. ; (’r A), and lf.S(>, cyanogen chloride (Cannizzaro, iA3,518). Largo 
give m • benzoyl - benzoic acid. —• CaA' 3 aq. plates (from water); si. sol. hot water, v. sol. 


give in • benzoyl - benzoic acid. — C'uA' uq 
IhiA/l aq. AgA’. 

p-Beniyl-benioic acid 

Ph.< , H..cyi,.eoJi [i:4j. [ir>5°]. 

b\nination. 1. Pvoxidising/i benzvl-tolue 
with dilute 1LSO. (Xincke, A. Hil. 1(f)).—2. . 


jilates (from water); si. sol. hot water, v. sol. 
alcohol. Decomposes above 200° into benzyl 
alcohol and cyanuric acid. 

BENZYL-CARBAMIC ACID C 7 H,NH.CO.OH. 
Benzyl-ammonium salt 


with dilute II,SO, (Xinoke, A. fill, 1(f)).-2. By # C l U,NU.CO,NH,C l H,. [99°J. From benzyl- 
reducing e.ro-oxy- 2 >-Wu/.yl benzoic aciil with 111. 'amine and CO,. Formed also by heating a-amido- 
B. From ^-lu'iizoyl benzoic acid and sodium- phenyl-acetic acid at 260°; the yield boing nearly 
amalgam or III Midi’ (Graebe, B. 8,10.14). the theoretical (Ticmann a. F'iedlander, B. 14, 
Properties .--Minute neadlos (from water); 1909). Plates, sol. water and alcohol, insol. 
may K- sublimed; si. sol. cold water, v. sol. *’thcr; volatile with steam. Decomposed by 
alcohol and ether. Chromic mixture oxidise* acids or alkalis into CO, and benzylamine. 
it to p-benzoyl-benvic acid. CaA',llA'.~ BENZYL DB-CARBOXY-GLUTACONIC ACID 


BaA',2ii'l- AgA'. ‘ ; t». Di^nnoxT-AuTAcoNrc acid. 

BENZYL BROMIDE C b U.CHJ3r. (199 a ). 1 DIBE^ZYL-CARBOXYLIC ACID v. Df. 

8.0.^^4380. * ' l’lIRNYL-FTUANK-CARDOXYIJC ACID. 

b\:rmation.-~l. From benzvl alcohol and ! DIBENZYL DI-CARB0XYLIC ACID v. Dl« 
HBr (Kekule, .4. 137, 190).—2. From Br and ^nil-succinic *cu> and Di-phenyl-ethan** 
boiling toluene (Beilstein, A. 11.). 309; Jackson ^-carboxylic acid. 

a. Field, .4»\ 2, lU.—3. From benzyl chloride ' BENZYL CARBIN0L v. Piienyl-kthyl al- 
and AsBr, (Brix, A. 225, 103). , cohol. 

Preparation .—By the action of bromine (1 BENZYL CHLORIDE CyH.Cl i.a.C ( H v CH,CL 


a. Field, .4»\ 2, 111.—3. From benzyl chloride ' BENZYL CARBIN0L v. Piienyl-kthyl al- 
and AsBr, (Brix, A. 225, 103). , cohol. 

Preparation. —By the action of bromine (1 BENZYL CHLORIDE 0,11.01 i.a.C ( H v CH,CL 
mol.) upon cold toluene (1 mol.) in direct sun- | Mo1 * w - 126 ' 6 - »-Chloro- toluens. (178°) al 
ahine; tha yield is quantitative (Schramm, B. ' 754 mm. S.G. ip 0-9453. S.Y. 133*45 (dohill, 
“• 60a K ; B. 19, 663; A. 220, 98); 13318 (Raouj). 



_ iwm '«UMan> ojedt. u • 

(yL.CH t .NH.CN.{88 0 ]. FormS w pMtto 
CyCl Into benxylamina in ether (Straroaoh, B 
5, 6^4). Plates (from ether); insol. water, v. € 
sol. alcohol and ether. On keeping it etangei 
to isomeric tri-benzyl-molaraine. Boiling UC 
forms benzyl-urea. 

Di-bonzyl-cyanamide (C I .I1 J CII,) : N.CN. [64°] 
Froln CyCI and dibenzylamino in alcohol (Lim* 
! pricht, A. 114, 317). Plates; insol. water. 

BENZYL CYANATE 0*H 4 .CIL N.CO. (175°. 
200'). Formed, together wit)) benzyl cyan urate, 
by the action of silver cyanate on benzyl chloride 
NH, forms, on heating, mono-, di-, and tri- 'or bromido (Letts, C. J. 25, 410; Ladenhurg a. 
benzylamine.—5. Hot dilute HNOj (or a nitrate) ! Struve, B. 10, 40). Pungent liquid. Changes 
forms benzoio aldehyde. 0. Boiling Pb(Oll),. spontaneously into the cyan urate. Alcoholic 


wjarmamo^lXtm bfeuorl tiMcA and HCft 
(Ckimimro, A. 88* m; 88, 148; Deville, j 4. 
Ok. [8} 8, 178).—!. By distilling toluene in a 
current of chlorine (Lauth a. Grimaux, Bl 
1887, i. 105). 

Preparation.— By passing chlorine (1 mol.) 
into oold toluene (1 mol.) exposed to" direct sun- 
•hine; the yield is nearly theoretical (Schramm, 
B. 18, 608). 

Properties.—Oil, sol. alcohol and ether. 

Reactions. —1. Boiling alcoholic KOH forms j 
CfHjOEt.— 2 . Alcoholic KOAc forms C.ll.OAc.— j 
8 . Alcoholic KCN forms C.1I CN. -4. Alcoholic 


forms benzyl alcohol.—7. KOPh forms phenyl 
benzyl oxide.— 8 . Water at ISO gives a product 
which, on distillation, yields benzyl-toluene and 


MI* converts it into benzyl-urea. 

BENZYL CYANIDE r. Piikn y i<- aoktonitmi*k. 
BENZYL CYANURATE (C tt Il 4 CH..),N,C,0 1 . 


anthracene. Before distillation the product is j (157 ]. (above 320°). The chief product of tho 

perhap; C 0 H v CiI..CJl 1 .GJI.Cl (Van Dorp, />. 5,. 

1070; Zinckc, B. 7, 270).—9. Long boiling 
with water (30 vols.) produces benzyl alcohol. - 
10. Sodium-amalgam produces a little .s-di¬ 
phenyl-ethylene. -11. Aromatic, hydrocarbons in | 
presence of powdered zinc give oil HOI and j 


form condensation produets (Zincke, B. 0, 

137).—12. Chlaroformic ether and stxlnnn 
form di-phenyl-ethano exo-carboxylic ether, 
PhCII,.CHPh.C(),i:t (Wnrtz, C. It. 70, 350). 

13. Heated with Al._.Cl ri it gives off 11C1, forming 
toluene aud anthracene (Perkin, jun. a. llodg- 
kinson, C. -/. 37, 720).—14. In cuibon disulphide 
solution yields, when chromyl chloride is added 
gradually, a brown precipitate of composition 
PhCll^Cl, CrO..OL, slowly converted by moist 
air into benzoic atdelivdo; 

3Pli.CHG1.0.Cr(()lI)Cl.. r 31I..0 
-OIICI + Cr.Oj CrO a t yphCllO. 

Tho compound heated to 170 1 loses HC1, 
forming a compound PhCHClCrO Gl, which dso 
yields benzoic aldehvde. 

3PhCIICl.().CrO.Cl +311,0 
«0HC1 + Cr,0 B3 + Cr0 3 + 3PhCIIO (Ktard, A. Ch. 

[ 6 ] 22, 235).—15. Ill reduces it to toluene.—10. 

Zinc dust gives toluene, phenyl-tolyl-methane, 

" and anthracene (Frost, 111. [2] 40, 249). 

BENZYL - CHL0R0 - MALONIC ACID v . ! c H 

CHLORO-BKNZYL-MAI.ONIC ACW. I * 


action of sil\<r evauute on benzyl chloride (r. 
supra ); formed by isomeric change from benzyl 
cyimntc. Silky needles (from alcohol), insol. 
water. Potash fusion gives K .CO, and benzyl- 
nminc. 

BENZYL CYMENE C,.IT, i.e. 

G..H ..i'll .G..H ,MePr. {297°J (Mazzara, G. 8,508; 
'3uS j (Weber, J. 1878, 102). S.(J. D 07. 

From benzyl chloride, cymcne, and zinc. On 
oxidation it gives hcnznyl-tcivphthalio acid. 
Bo.uyl-cymene dUulphonic acid 

BfcNZYLDURENE I’.liKNZYL TicriiA-Mt tuyl- 

iu.nzusk. 

BENZYLENE (C ; H h ) v . Two hydrocarbons 
of this composition are formed by the action of 
! tint copper-zinc couple upon benzyl bromide (or 
[chloride), (a)-benzylcno, [42 ]; g,- •0091, is a 
yellowish-red resin, si. sol. alcohol, v. sol. other 
and benznic. (/t)-benzyleno is a brown resin, 
insol. alcoTOl or ether (Gladstone a. Tribe, C. J. 
47, 418). 

BENZYLENE. Bknzylidenk-. 
BENZYLENE-DIAMINE v. Amh»o ihinzil- 

AMINE. 

BENZYLENE-IM1NE C 7 1I,N i.e. 

,CII, 

[1:2]. Formed by reduction of 


BENZYL-CINCHONINE v. Cinchonine. 
a-BENZYL-CINNAMIC ACID C | 6 II 1 ( 0.. i.e. 
CJI s .CH:C(CH,Ph).CO,H. [157°]. Formed 
by tho action of alkalis on the compound 
Ph.SO,.C(CH,Ph),.CO,Kt (Michael a. Palmer, 
Am. 7, 70). Large white needles, insol. water, 
sol. alcohol. 

p-BENZYL - CRES0L C.H^CH..C h H,Me.0il. 
(240°) at 40 mm. From benzyl chloride, 
oresoi, and zinc (Mazzara, G.£ 8 , 303; 11, 
438; 12 , 204). • 

Reactions. — 1. Chloro • acetic acid and 
KOHAq form C 6 H 1 .CH 2 .C i H 3 Me.O.CH,.CO,H 
[ 111 0 ]. — 2 . (a) - chloropropixmic acid forms 

C^.CHrC^Me.OCHMo.CO. H. fl 15°j.~3. CO, 
and Na forms C # H i .CH..C 4 H I (0Hj.C0,Na. 

Acetyl derivative C u H„AcO. (245 c ) at 
40 mm. 

BENZYL CRE8YL OXIDE 

OJH,.CH r O.C,H,.CH r v. Tolyl ether of Benzyl 

4M0BOL. , 


o-nitm-benzyl-chloride with HnCl, in rone. HC1. 
Greyish yellow p< wder. Sol. chloroform and 
acetic acid.* Diss< Ives in HC1 to a rod tiuores- 
'cent solution. The salts are amorphous. The 
hydrochloride forms a reddish-yellow trans. 
parent solid (B IIC1). ThospUtinochlorida 
(JULPtCU is an intcdoblc, amorphous, reddish- 
brown powder (Lellmann a. Stickcl, B. 19,1011), 
, BENZYL ETHER C M H„0 i.e. (CJ 1,011X0. 
Di-benzyl ether, Di-ben+jl oxide. (298° i. V.) 
F G. 1030. a 1*5525. Fomod by heating 
benzyl alcohol with B,(), at 120 J (Cannizzaro, 
A. 92. 115). Also by heating benzyl chloride 
with water at 190° (Limpricbt, A. 139, 313). 
From benzyl chloride and sodium bcnzylat* 
(Lowe, C. d. 51, 700). Decomposed by heat 
into toluene and benzoic aldehyde. 

BENZYL-DI-ETHYL-AMINE C„iI„N is. 
0,.!!,.( ll.NFt... (2J2 J eor.). From benzylamine 
ami Ktl at 150" (Ladenhurga. Strove, B. 10,47, 
561, 1152, 1634); or from di-cthyl-auiine and 



kenijl chloride at 100° (V. Meyer, B. 10, 910, 

OA 4 V 

Ethylo-iodide 0 l H,.0H 5 .SEtJ. Large 
crystals, v. sol. water. On dry-distillation it 
gives triethylamine and benzyl Juaj*- 
C 1 H..CH,.HEt,I,[87 0 ]—(C,H v CH J .NEt 1 Cl)- J Pt0 1 . 

Bi-benzyl-etbyl-anune C„H„N i.e. 
(C.H..CH,),NEt. From di-benzyl-amme ana 

Etl fiiimiiriclit, it. 144,815).—lt'HCl. | 

Btkylo.iodidelO,H 1 .CH s ) ! NEt a I. 81. sol. | 
cold water. „ ,, 

BENZYL-ETH^L-BENZENE C,,H„ t.e. 
C,lI v CH,.C u H,.Et [V.4). Mol. w. 196. (»>a 
8.0. *99. From benzyl chloride, ethyl¬ 

benzene, and zinc (Walker, B. 5, 086) or from p- 
ethyl-benzophenono, HI, and P (Sollacher, B. 
15, 1682). Oxidation gives p-benzoyl-bcnzoio 
acid. 

BENZYL ETHYL OXIDE t>. Hknzyi. xnconm,. 


- CE,0* 900,+0«H,A (Miller a. Btreober, 
A. 118,66). -< 

Bhombio prisms (from alcohol): a:b:e- 
■6113:1: -BOSS, Fluffy mass of needles (from 
benzene). Salt.—AgA.'. 

Reactions.— 1. HNO, gives a viscid nitro. 
acid (Moller a. Btrecker).-2. Cono. aqueous 
KOH gives toluene and oxalio acid on boiling.— 
3 . Treated with PCI, and H,0 successively a 
monophosphate, C,„H, : ,0 1 P0,H ! , crystallising 
in prisms, [ 100 °) is formed. 

Acetyl derivative. [106°]. Plates in 
rosettes (from CHC1, mixed with petroleum). 

Methyl ether MeA': [71°]; needles. 

Anhydride C|, ( H lt O r [169°]. Got by 
heating the acetyl derivative. Prisms (from 
benzene). V. sol. alcohol and ether. NiuCO ;1 Aq 
: converts it into sodium di-benzyl-glycollate. 
Nilr ife(C. ; H i CH,).,C(OH).CB. [lid 0 ]. From 


BENZYL ETHYL KETONE CJl,./) i.e. I di-benzyl ketone, KCN and HC1. Colourless 
on .CH .CO.CJI . Mid. w. 118. (c. 226 ). flat rhombs (from alcohol). At lid it sputa 

HoVi (no. From phenyl-acetic chloride ami up into I1CN and di-benzyl ketone. 

ZnKt (Popoft, li. 5, 501). Docs not combine Amide. [193°]. ([rom tlio nitrile and cono. 
with Nall HO,. Oxidised byCrO, to benzoic and UC1 at 125° Fluffy mass oflong ileodles 


propionic acids. 

BENZYL - p - ETHYLPHENYL - CARBIN0L 

G-Hj.CII 2 .C 11(011)I,.G.H, 11:4!. (350). 

Liquid. Formed byheating benzyl othylphenvl- 
kntonewith uleohnlic KOH at 161)\ Boiled with 
dilute RjNO, it gives plumyl othylphenyl ethyl¬ 
ene (Sbllscher, H. t•"». 1681 ). 

BENZYL ETHYLPHENYL p - KETONE 
G,11 4 .OIL,.CO.GJI i .C.I1 ? 11:1]. Klhyl-dcAoxybni. 
gol'n. [61"]. Prepared by the action of AlX ! l n oil 
a mixture of ethyl benzene and phenyl acetyl 
chloride (Siillsoher, li. Id, 1680). Boils unde- 
composed. V.l>. 8-03 (ebs.). Small plates, i 


BENZYL - GLYOXALINE (^(C.HJN.,. 
[7l°J. (310°). Formed by tho action of ben/.vl 
chloride on glyoxaline (Wallach, B. 16, 
(.Colourless crystals. 81. sol. other, insol. cold 
water.-IV.U.CLrtCl,: yellow pp., insol. cold 
water. 

DI-BENZYL-GUANIDINE C,,H, ; N 3 i.e. 

(G n il ,.cn,Nll),C:NH. [100 ’]. Formed by boil¬ 
ing bcnzylamino hydrochloride with benzyl- 
cyanamidc in aleohol (Strakosch, B. 5, 61)5).— 
Lamina* (from alcohol). Hoi. water, alcohol, 
and ether.—lt’HCl 

BENZYL HYDROXYLAMINE v. Uydhoxyl- 


Hol. ether, benzene, and hot alcohol, si. sol. cold amish. 

alcohol. On oxidation it gives terephtiialio j BENZYLIDENE. Tho radiele C h H i .CH, also 
acid. On reduction it given phenyl-ethylphenyl- : called or Umyliiic. The latter name 


ethane. 

BENZYL - ETHYLPHENYL - METHANE r. 

PilKNYI.- KTIIVI.eiCKN YI.-KTH \SR. 

BENZYL DI ETHYL 9ULPHINE. Platini 
chloride (C 11 ll 1 t , H..SKtr.|),l , tCl l . From Kfl 
and di-ben/.yl sulphide, the product being treated 
with AgCl and PtCl 4 successively (Schollcr, /». 

7,1271). 

DI-BENZYL-ET HYL / wmfo-THIOUREA 

G„H, U N,S i.e. C.H,S.CtNH.):NU. Formed by 
heating di-benzvl-thiourea with ethyl iodide 
ftt .’ 00 Oil. * • f 

Salts. : 'lid'}; monoclinic prisma; 

▼. sol. alcohol, si. sol. water. B'H .80,: largo 
foursided rhombic soluble tables. —B'XLPtCI*: 
tine needles (KAmftrus, B. 10 , 234!)). 

BENZYL-FLUORENEU (> H M i.c. 

C.fJ,.Wt 1 .C,II,<p f , 1 J >. [102°]. Formed bylieub 

ing fluorenn with bouffyl chloride and zinc-dust 
(Ooldschniie.it, AT. 2,413). Plates (from alco¬ 
hol). 

BENZYL-FOBM-ALDEHYDE v. Phenyl- 

ACETIC ALDEHYDE. 

DI-BENZYL-GLYCOLUC ACID 0 W H W 0 # 

(C B H J C11, J ).C(0H)C0 J H. Oxatoluic odd. a-Oxy- 
di-phenyi-iso-butyric acid. [157°j. 

Formation. 1. From the nitrilo and oono. 

HClat 110°-160° (Spiegel, A. 210, 46; B. 13, v , _ 

2310; 14, 1687).—2. By boiling vulpic acid j amine. Long white needles. SI. sol. cold aloo- 
(g. v.) with aqueous KOH : C l# H u 0 4 + SH,0 | hoi and ether (llantzsch, B. 18, 2588)* 


is, more appropriate to the isomeric radicle 

BENZYLIDENE DI-ACETAMIDE 

C„H„N,0. i.c. r„H > <TI(XlI.CO.(;H 1 ) r Formed 
by boiling acetamide with benzoic aldehyde 
(lioth, A. lot, 72; Z. |2] 4, 650 ; 6 , 680). 
Silky crystals, si. sol. cold water and ether. 
Not affected by boiling KOHAq but decomposed 
by hot HClAq into benzoic aldehyde and NH^Ac. 

BENZYLIDENE DI-ACETATE C n H l 2 0 4 i.e. 
CJlPh(OAe)... Diacctyl-bcn.oic ortho-aldehyde. 
[•15"]. From benzoic aldchydo and Ae 2 0 or 
from benzvlidcne clilorido and AgOAc (Gcuthcr, 
A. 106,251; Wicke, A. 102, 368; Hubner, Z. 
1867, 277; Neuhof, A. 146. 32,3; Limpricht, 
A. 139, 321; Porkin, Z. 1868, 172). 

BENZYLIDENE-ACETIC ACID t\ Cinnamic 

ACID • 

Bemylideoe-di-acetio acid v. Phenyl-old- 

TARJP ACID. • 

BENZYLIDENE . ACETO - ACETIC ACID v. 

p. 24. 

BENZYLIDENE-DI-ACETO ACETIC-ETHEE 

C„» r ^O. i.r. C.H..CH {CH.CH(CO,F.t).CO.CH,j ,(?). 
[153°]. Formed together with dehydro-benzyl- 
idene - di - acetoacetic ether by the 

action of benzoic aldchydo (1 mol.) upon aceto* 
aoetio ether (2 mols.) in presence of a primary 





Bekrta-bauEUfau-tl-aMtoaoetlt-ather 

Ph 

O.A.O. posaibly BtOO,—0-CH-C-CO.Et. 

MeC —O-CMe 

[ 88 °]. Formed as described above. Glistening 


( 9 . p. 87) with •odiam-amalgem.—BUd 1 small 
crystals, easily soluble in water and alcohol 
(Fischer, B. 16, 3836). 

BENZYLIDENE-DI-AOETONINE w. p. 34. 
BENZYLIDENE - ACETOPHENONE 
C*H s .CH:CII.CO.C 4 H v Phenyl sti/n/1 ketone. 


prisms. V. sol. cold or hot solvents (Hantzscb, j Phenyl cinnamcnyl ketone. Uenryli true methyl 


B. 18, 2583). 

BENZYLIDENE DI-ACETONAMINE t-.p. 27. 

BENZYLIDENE-ACETONE C^H^O is. 
Ph.CH:CH.CO.ClI,. Aceto-cinnamone. Methyl • 
styryl ketone. [42 (152') at 25 mm. (201° 

LV.) at 700 mm. 

Formation. — 1. From benzoic aldehyde, 
aoetone and a little ZnCl* at 200° (Claisen a. 
Claparede, B. 14, 2401). 2. By heating a mix¬ 
ture of calcium acetate with calcium cinnamate; 
also in small quantity by heating cinnamic alde¬ 
hyde with Na and Mel at 130\ or by boiling 
cinnamic aldehyde with McOll and ZnCl. 
(Engler a. Leist, IS. 6 . 254). 

Preparation.— From benzoic aldehyde (20 g.), 
acetone ( 10 g.), water (l # 8 l )0 c.c.) and aqueous 
(10 p.c.) NaOH (20 g.) in the cold. After four 
days the oil that has separated is extracted with 
ether, dried over CuCL and rectified in vacuo 
(Claisen a. Ponder, A. 223, 138). 

Properties.— Plates, apparently rectangular. 
It has an odour of coumarin and rhubarb and 
attacks the skin. Easily soluble in alcohol, 
ether, benzene, and chloroform, less in petro¬ 
leum-ether. In cone. ILSO, it forms an orange 
solution. Forms a cryatallino compound with 
NaHSO,, and a di-bromide C, 0 II,„OBr, [125 'J 
crystallising in needles# from alcohol. 

Phenyl hydraside C,„H U N 2 : [156’ > j ; 
flat yellow needles; sol. hot alcohol, si. sol. cold 
alcohol and ether, insol. water (Fischer, IS. 17, 
676 ; Knorr, IS. 20, 101)0). 

Oxim Ph.CH:CH.C(NOII).ClI 3 . [UG°]. 
(220°) at 100 mm. Forms a bromide, [14.y]; 
and an acetyl derivative [91°J (Zelinsky, IS. 
20, 922). 

Di-benzylidine-acetone 

PhCH:CH.CO.CI£:CII.Ph. Cinnamons. Di- 
ilyryl keUme. [112 'j. 

Formation. — From benzoic aldehyde (20pts.) f 
acetone (6 pis.), and acetic acid (40 pts.), by 
adding 11*80, (30 pts.) at 0 9 or passing in llCl. 

Preparation. -From benzoic aldehyde (10g.), 
acetone (3 g.), water (100 g.) and dilute (10 per 
cent.) NaOH (20g.) left 4 days in the cold; or 


phenyl ketone . BenzalueetopUenone. [58°]. 
(315^.348°). Formed by pasniig HCl gas into 
a mixture of acetophenone and henzaldoliyde; 
by adding IL80, to the two latter bodios di¬ 
luted with acetic acid; by heating them with 
acetic anhydride to 170°; or* l*y treating them 
with dilute NaOH (Claisen a. ('Iapan>de, IS. 14, 
2103; Claisen a. Ponder, A. 223, 148). 

Preparation.—1‘2 pts. of acetophenone are 
mixed with 10 5 pts. of benzaldohydo and 3 pts. 
of a 20 p.c. sodium methylate solution, and 
allowed to remain in the cold for a few days 
when the whole will have solidified to a crystal¬ 
line mass ; the yield is 90 p.c. of the theoretical 
(Claisen, B. 20, 057). Large trimetric tables. 
V. sol. chloroform, ether, benzene and (\S. ; , 111 . 
sol. alcohol, si. sol. petroleum ether. On oxida¬ 
tion it gives benzoyl-formic and benzoic acids. 
On boiling with dilute acids it is decomposed 
into acetophenone and honzaldehyde. By re¬ 
duction with 111 and P it is converted into di- 
benzyl-methano. The 11CI addition product 
CJl J .C , O.UHC1.01I (t .CJI v [120 ] forms colourless 
trimetric plutcs, sparingly soluble in cold alco¬ 
hol and ether. It is prepared by the addition of 
gaseous 1101 to the ketono. The di bromide 
C b HyGO.GlIBr.CIIBr.C„H 4 [157°] forms short 
colourless prisms sol. hot alcohol. Prepared 
by the addition of bromine to the ketone. 

BENZYLIDENE - 3 - ACETYL - PROPIONIC 
ACID0 1 JI 1 .,() J i.e.CHPh:CH,.CO.CIl,.C:H..CO.H. 
Bcnzylidcne-Usvulic acid. Cinnamoyl-propionic 
acid. [120 -125 ']. Formed by heating huvulic 
acid with Benzoic aldehyde and sodium acetate. 
Small white crystals. The lead salt is insoluble. 
Dissolves in cold cone. H*SO, with a red colour- 
• ation. Boiling cone. KOFI splits off benzaldo- 
1 hyde. Iteduction in alkaline solution yields 
bnuyl-valcro-lactone C 12 H,,0* which forms largo 
prisms of melting-point [85°) (Erdinann, IS. 18, 
3441). 

BENZYLIDENE-ISOAMYL-AMINE. An oil 

formed from benzoic aldehydo and isoarayl- 
, amine (Schiff, A. 140, 93). 

BENZYLIDENE DI-I80AMYL DI-OXIDE 


1 iti* * 'll*;" -^- —--— 

from benzylidenc-acetone (7g.), benzoic aldehyde t C, 1 H 1 CH(OC J H„) 2 . (292° cor.). Prom benzyl- 

( 6 g.), water (200g.), alcohol (150g.) and diluto ideno chloride and NaOC t H„ (Wickc, A. 102, 
NaOH (20 g.) (Claisen a. Ponder, A. 223, 142; 303). 

cf. Claisen a. ClaparMo, B. 14, 350, 2400; BENZYLIDENE - ANILINE C.,H„N i.e. 
Schmidt, B. 14,1459). i C„H k .CH:NPh. Amlule of benzoic aldehyde. 

Properties. - Bright yellow monoclinic tablets [19°J (Ticmann a. Piest, B. 16, 2028). 

(from acetone or CHClJ a:b:c = 4-886:1:1 3781 Formation.- 1 . By warning aniline with 

0»78° 43'. Readily soluble injchloroform or benzoic aldehydo (Laurwt a. Gorhardt, Compt, 
, less in ether or cold alcohol, ttives d.im. 1850, 117).—2. By heating di-phenyl- 
• • • — ‘ thio urea with benzoic aldehyde (Schiff, A. 148, 

336). 

Properties.— Laminae; volatile with steam, 
insol. water, v, c. sol. alcohol and ether. At 
200 ® it changes to an isomeride which differ* 
from it in forming a salt B' 7 H,PtCl 4 . 

Hydrocyanide C„H,-N,. [82°). Formed 

_:_linvi k,,.. 


acetone, 

an orange solution in H.SO,. 

Tetrabromide C„H l( OIlr,: white needles 

ra 08 5 - 211 °]. 

BEHZYLIDESE.DIACET0HEA1CA.MISE 

H,C-CH(OH)- CH, 

C„H„NO i.e. I | (?) 

(C.HJHC - NH — C(CH,), , „ ...... ..... 

Oxy-phenyl - di-mcthyUtetra-hydro-pyridine. ; by passing HCN into fused benrylidonc-aniUne, 
Thick omoorless oil. P'ormed by reduction of I or by the action of KCN on a mixture of benzoic 
in geid solution of beuzylidene-di-acetonamine aldehyde and aniline hydrochloride dissolved 



in aloohoV (Oaohi B, 'll, 1 248). ■ It toms ooa-fl 


BEHZYLIDEKE-DIAKTIPYRIHE v. Di-oxi- 

«HU.MBTHtI 1 -Dl-(»T!tSIZ'ni -PIIKSYI.MRTH*SB. 

BI-BEHZTUDENE.BEKZIDXNE Ojfjt. 
i.«. 0,,H»(N:Clil , !i) J . [2S2’] (C.) •, [239°] (U.). 


hyde and succinyl chloride (ltembold, 4. 188, 
189) or OOC1* (Kempf, Z. 1871, 79). 

Preparation.—I. By passing 2 mole, o! 


Obtained by heating hydrazo-benzene or ben- chlorine into cold toluene (1 mol.) exposed to 
tono-azo-benzeno with benzoic aldehyde and direct sunshine (Schramm, B. 18, G08).—2. By 
ZnCl., (Clove, 45,188; Barzilovsky, f. It. heating toluene (7 pts.) with PC1 S (30 pts.) at 

1885, HUG}. Yellow scales (Iroin benzene and 190°; the yield being nearly that calculated 
chloroform), lb-solvod by 11CI into benzoic (Colson a. Gautier, Bl. [2J 45, 87). 
aldehyde and benzidine. Properties.- Oil, with faint odour. 

BENZYLIDENfe-DI-BENZAMIDE Reactions.— 1. Converted into benzoic alde- 


P roper ties.—Oil, with faint odour. 
Reactions.— 1. Converted into benzoic alde- 


C.,H, 1 | N z O, i i.e. C, J U 1 .C1I(N11.C0.C S H,).. [197°]. hyde by water or aqueous K/XJj at 1H0°, or by 
Formed by healing benzoic aldehyde with benz- j warming with H,S0 4 at 50 J and treating the 
amide (Both, 4. 151, 7U). Long silky needles j product with wator (Oppcnheim, B. 2, 213).— 
(from ak-idiol), insol. water, llesolvcd by hot j 2. Alcoholic KII3 forms benzyl disulphide and 


llClAq into the parent sulutarices. 

BENZYLIDENE DI BENZOATE 


di-thio-benzoic acid.-3. Kcd-hot soda lime 
forms benzene (Limpricht, Bl. 18GG, ii. 467).— 


C„ll v CH(i)B/.).. From benzylideno chloride j 4. (Jhlorine forms p-chloro-benzylidene chloride, 
and AgOBz (Kngidliardt, J. 1857,471). Crya- ! 5. Nitric acid forms ^-nitro-bonzylideno chlo- 


taliine. 

BENZYLIDENE BENZYL-AMINE 

C rt ir v CU:N.<:il,C.,H > . (o. 300’). Formed by tin- 
action of PCI, upon di benzyl hydroxybimine, 
probably by intermediate form.itiori of tin* eltlo- 


ride (llubner a. Bente, B. G, 803; c/. Beilstcin, 
A. 140, 33H).-~G. AgOjfco forms C„Hj-CII(OAc) a . 
7. Silver oxalate forms benzoic aldehyde (Go- 
lowkinsky, 4.111,252).—8. Na forms di-phenyl- 
ethylene.—9. Mel and Na form cumene.— 


ride (C : ,ll 1 .CIl,| N f .CI. Oil. V. sol. alcohol ami It). NIL, forms hydrobe.nzatnidc.—11. ZnHt : 


ether, insol. water. 

Halts, li 11(11 : (251’| ; long plates 
tables; v. sol. aicohol, .quriiudy in e.ild with 


• diluted with benzene forms C u H ia diethyl- 
•r phcnyl-raethane and C...II 30 (Dafert, M. 4, 018), 
r, 12. Copper at 10D J gives CPhCl^CPhCl, and 


more readily in Imt. li’.Jl PtCI,-: small OPhHCl.CPhllCl (Onufrowicz, B. 17, 833). 
golden yeMow m slain (Walder, li. l!», 1032). ' BENZYLIDENE - DI - CHL0E0 - CHROMIC 

BENZYLIDENE BROMIDE (1.11 Hr. i.e. ACID v. Toi.uknk. 

CJI^CllUr.,. Hemal bromide. u>l)i brown. DI-BENZYLIDENE-ETHYLENE-DIAMINE 
toluene. (130 1 I !•) ) at 20 mm. From henz,.jo CJI, h N, i.e. C i H ( (N T ;CM.C, > HJ r [54°]. Formed 
aldehyde and PHr,. (‘an only be distilled in by heating ethylene-diamine (1 mol.) with ben- 
vacun. Ho hum at l- s O forms toluene and di- zoic aldehyde (2 luols.) to I20 ;> . Large colour- 
benzyl (Miciuel-iort a. Lipp-iunu, HI. [2] 4, , less tables. V. sol. alcohol and benzene, insol. 
!■ 1 water. Decomposed into its constituents by 

BENZYLIDENE BROMIDE BENZOATE acids (Mason, B. 20, 2701. 

C lt H„lhO.. i.e. (\l 1..CU , ; r '70'!.! «ENZYLIDENE-ETIIYLENE-DI-8ULPHIDE 

\0 ( 0-011 1 I- I /S.Cll, 

Colourless tables or prisms. Hoi. aleohol, ether, l!.II,.C!I( | *. (29’J. Formed by passing 

and acelit acid. Prepared by mixing hon/ulde \S.CII. 

hylo and benzoyl bromide. On distillation it lfl’l g.u into a mixture of equal tools, of beuz- 
again decomposes into these bodies (OLtisen, R. aldehyde and ethylene suljihydrate. Crystals. 


14, 2175; iLiebig a. Wohler, A. 3, 2UU). 

BENZYLIDENE DIBUTY RAM IDE 
0,,11 S.O C„H v (’HtMI.OO.O t IM.. slender 
crystals formed by heating butvramide with 
benzoic aldehyde fSlreeKer, .1. 15i, 70). 

BIN^YLIDENE DI OARMMIC ACID 
0,H ('ll S 11.00.II)... 


Fa-sily soluble in alcohol, ether, and benzene, 
insoluble in water. Very stable body. By the 
action of bromine upon the chloroform solution 

di-etlnlem>-tetra-sulphido C.H t <^y'^>C 3 H 4 ii 
formed (Fasbender, B. 20, 400). 

BENZYLIDENE DLETHYL-DI OXIDE 


" j U3E/V r n„N, 0 , 

1 , Bl ’, a .? YUDENE CStORU-AMEORU j» C H,.( , I1|XJJ.( 0.N'II.C : I1| 1 .NH.C0.NH.).,. 

«.c. 001.,..( ■ii^ULN’n-ll.CJl,. [130']. : From benzoic*aldehvde and hcptyleno-diure® 
Mhite leallets. Decompose,! by dilute acids (SehW. A. 151, P.I51. 'insoluble powder, 
and by boiling water. Prepared by the action . BENZYLIDENE MALONIC ACID 
cf benzoic aldehyde on chloral ammonia (Schiff, ! l‘!i.CII:C[CO.H).. j 190 ? ! (C.); [l'J3 3 ] (S.). 

__ Formation.— 1. From the other by aqueous 

« CHLORIDE C.II.CL i.e. baryta.—2. From benzoic aldehyde, malonic acid 

jyM-d'U r Hemal chloride. Chloroltenzol. : an I Ac t) at 100 J (Claisen a. Crisraer, .4. 218, 
temple lie c morale. Mol. w. 161. (204') at ! 135). -3. From benzoic aldehyde, sodic m&lon- 
,^.G. S S.V. 151-25 (SchiJT, />. ate, and guieial acetic acid at the ordinary tern- 

peraturo; Ph.CHO + CH (CO^a),- 
- 1 . From benzoic aldehyde and PhCH.C(CO>’al z + HX>. 

™*s (Cttlioura, 4. 70, 39; Suppl. 2, 253, 306). The product is diluted with water, shaken oat 



wft& athar, acidified, shaken again with ether 
•ad the ether distilled off (Stwrt, 0. J. 43,405; 
V. also Claisen, A . 218,129). 

Properties .—Colourless glassy prisms. 81. 
sol. cola water, v. e. sol. hot water, v. sol. alcohol, 
acetic ether or aoetone, m. sol. ether or glacial 
acetic acid. Insol. benzene, chloroform or 
petroleum. Does not give in neutral solutions 
a pp. with BaCI,; but on warming such a mix¬ 
ture needles of the salt BaA" separate (charac¬ 
teristic reaction). 

Salt.-Ag,A". 

Reactions. —1. At 200° it splits up into C0 2 
and cinnamic acid.—2. Boiling water decom¬ 
poses it into benzoic aldehyde and malonic acid, 
some COj and cinnamic acid being also formed. 
8 . Reduced by sodium amahjam to benzyl j 
malonic acid Ph.CIL.CU(CO.Hl.—1. Bromine 
acts on its solution in chloroform /orming ; 
PhCHBr.CBr(COJI)., [90 ] whence water forms ! 
o-bromo-einnamicacid (Stuart, C. J. 49, MO). - ; 
5. Cold alcoholic potash forms crystals of j 
Ph.CH(0Et)0il<C0.K)., # whence a silver salt, 
PhCH(OKt)CH(CO...Ag). may bo got. The free 
acid, if heated rapidly, melts at 120°-130°, split¬ 
ting up into ElOll and benzylidone-rnalonie acid, 
which then solidities again, and melts a second 
time at 190 \ By crystallisation from water the 
acid is partly split up into nlcohol and benzyl- 
idene-inulonio acid. —(5. 11 Ur forms 0-brorno- 1 
phenyl-isosuccinic acid 10j.CHBr.ClI(CO..H). ! , 
which is decomposed by water into IIBr, cin- i 
namic acid and CO* (Stuart, C. J. 49, 300). 

Kthyl ether Kt^A". [32% (192°) at 17mm. 
S.G . 15 MU. Formed by passing HC1 into a 
mixture of malonic ether and benzoic aldehyde 
or by treating the mixture with Ac/) at 100° 
(Claisen, li. 14, 31m). Large transparent crys¬ 
tals (Stuart, C. J. 49, 300). Boils at 308°~3i2° 
with decomposition. 

BENZYLIDENE MESITYL OXIDE C.Jit.O 
*.e. (CH 3 ).C:CII.C0.CH:CH.CJI,. (179°) at 14 
mm. Oil. PreparedbypassinglfClgasintoamix- 


j by heating aninaldine {methyl-quinoline) wit 
j benzoio aldehyde or bensyliaeno chloride an 
ZnCl, (Jacobsen a. Eeimer, B. 16, 2606). Glii 
j tenjng colourless needles. Sublimable. Sol. bo 
plcohol, insol. water.—BTLCr.O,2.}aq: vefj 
sparingly soluble reddish-yellow needles. 

BENZ7LIDBNK - (/3) . NAPHTHYLAMIN1 
CJ1 V (,-H:N.C I 0 II.. [103% From benzoic aldehyde 
ami ifl)-iniplithylamine (Claisen. A. 237, 201). 

BENZYLIDENE. (a). NAPHTHYLAMINE-p- 
! SULPHONIC ACID C 1 „II u (N:CJI.C b Hj.SO j H[ 1:4L 
i The sodium salt (A'Na) is obtained by shaking 
a strong solution of so lium-(a)-naphtliylamin«- 
sulplionate with benzaldehydo. By long boiling 
with water it is split up into its constituents 
(Cahn a. Lange, li. 20, 2001). 

BENZYL1DENE-DI(8).NAPHTHYL - OXIDE 

CA-CH<£*{|«>0. Anhydride of di-ory di- 

naphthyl-phenyl-methane. [190’’]. Crystalline 
solid. Insoluble in aqueous alkalis. 

Formation.-—1. By heating a solution of 
(B)-naplithol and benzoic aldehyde in acetic aqid 
to 200 ’, or with addition of 1 LSO, or 11 C 1 on 
the water-bath (Trzcinski, B. 17, 499).—2. By 
warming benzylideno di - naphthyl di - oxide 
CJI j .CII(O.C, 0 H : ), with acetic acid and a few 
drops of HOI. In those reactions di-oxy-di- 
naphthyl-phenyl methane C tt H v Cil(C, ll H (l .OH) < 
must first bo formed and at once split of! Hjl) 
(Claisen, li. 19, 3317). 

Be:izylidenedi-(/3)-naphthyldi-oxide 
(%ll..„0. i.e. i\n y C}l{OC, o n,) 2 . Di-naphthyl 
ortho - bcn.'tiltUiiyde. [205% From benzoic 
aldehyde (5*3 pts.), ( 8 )-naphthol (7*2 pta.), 
glacial HOAc (30 pts.), and fuming HC1 (2 pts.) 
at 0 ' (Claisen, A. 237, 209). Tables, si. sol. 
CllClj and C.S 2 , v. bI. sol. alcohol and ether, 

; insol. alkalis. Cone. II 3 S0 4 gives, on gentle 
warming, a deep-red solution. HOAc and some 
HC1 8 lowIy*c<,nvert it at 100° into benzylidene-, 
! di-naphthyi oxide, a change which also occurs 
when it is heated at 210 °. 


ture of mesityl oxide ami benzaldehydc (Claisen, 
B. 14, 351). Forms a tetrabromide [118% 

BENZYLIDENE-METHYL-KETOLEC.JI^N, 
[248°]. Colourless plates. Formed by reduction 
of dimothyl-rosindolo with zinc-dust 

and NH,. It i 3 oxidised in acetic acid solution 
by FejCl, back to di-methyl-rosindole (Fischer 
a. Wagner, B. 20,810). 

BENZYLIDENE-DI-METHYL DI OXIDE 
C l H J CH(OMe) .. Di-mdhyl derivative, of benzoic 
orihoaldchyde. (208 3 cor.). From benzylidono 
chloride and NaOMe (Wicke, A. 102, 303). 

BENZYLIDENE - DI - METHYL-p-PHEN YL- 
EHE-DIAMINE C,n i .CH:N.C,H r NMc, Benzyl- 
idene- amido - di - methyl - jinilinc. Methyl- 
pkenylenc-diamidc of benzoic aldehyde [98°j. 
Glistening plates or needles. So* hot alcohol 
and benzene, si. sol. cold alcohol. Weak base. 
Formed by mixing benzoic aldehyde ami «-di- 
jnethyl-p-phonylene-diamine, cither directly or 
in alcoholic solution. By HC1 it is split up into 
its generators. -B"II,C1 3 ; white solid (Calm, B. 
17, 2940). 

BENZYLIDENE - ( Py . 3)-XETHYL-QUIN0L- 

HE C„H JS N i t . 

XH:CH 

i 

\N : C-CH - CH.C,H J (?). [100°]. Formed 

Voa. L 


! BENZYLIDENE 0XAMIDE C,H h N b O b . 

Formed by warming oxarnio ether with benzoic 
: aldehyde (Mcdicus, A . 157, 50). Lamina. 

j BENZYLIDENE - PHENYL - DIAMINE «, 

' PlIKNVL-BKNZAMUJlNB. 

DLBENZYLIDENE-^-PHENYLENE DI- 
, AMINE C^HuN, i.e. C.H^NiCHPh),. [140% 

| From 'p-phenylenc*liamino and benzoic alde¬ 
hyde at 120° (Ladenburg, B. 11, 590). Plates 
i (from alcohol). Resolved by hot HulAq into 
the parent substances. 

BENZYLIDENE-PHTHAB-ETHYL-IMIDINE 

C ; ,H u ON..c.C,II ) < 0 '*™ >NK , Kthyl- 
gfhthaLmyi-benzyl, [c. 77°). Foj mod by boiling 
I the cthyi-amidc of det*ybenzo!n-o-carboxylic 
acid CJIdCO.NHEtlCO.CI^.C.li, with acetic 
acid. Plates. V. sol alcohol, benzene, benzoline, 
and CS.. (Gabriel, D. 18, 2433). 

J BENZYLIDENE-PHTHALIDE C ls H w O, i.e. 

; C,H.<; C:! ™’ h) >0. [99°). Beiuylidau- 

: phthalyl. Anhydride of duaybemoincarboxylic 
| acid. 

I Formatiott. 1. By heating phthalic anhy. 

1 dridc (li pts.) with phenyl-acetic acid (6 pta.) and 
NaOAo (1 pt.) (Gabriel a. Michael, B. 11,1018). 

EE 


49$ 


BENZYLIDENE-PHTHAUDfi, 


I. By heating phtbalyl-phenyl-acetio acid in 
t‘Ocuo (Gabriel, B. 17, 2626). 

Preparation.—k mixture of 100 g. phenyl- 
acetic acid, 110 g. phthalic anhydride and 2£g. 
dry sodium acotato is heated for 2 hours, ancf the 
product crystallised from alcohol; the yield ft 
75-78 p.c. (Gabriel, IS. 18, 3170). 

Properties .—Long prisms (from alcohol); 
inaol. water, si. sol. cold alcohol. • 

Reactions.—\. Hot arpicons KOII forma 
potassium deoxybenzoin carboxylate. — 2. By 
heating with alcoholic Nil, at 100 * It is con¬ 
verted into deoxybenzoin • carboxylamido 

C * U *<CO Nii° uHi ' solution in Ii.S0 4 

or by boiling with glacial acetic acid loses H/) 
giving bonzylidenc-phthalimidino (phthalimidyl- 

benzyl) C„II,< C( C ( l ,J' C « H,) >N’ir. —3. Simi- 
lariy ethyl amine yields the ethyl-amide of de- 
Oxybenzomcarboxylic acid, and this on boiling 
with acetic acid gives benzylidene-phthal-othyl- 

•midino C,II,<; C ( - C eo°‘ IIi) > N1 ’t (On-bricl, 11. 
1-8, 2133). - 4. By dissolving in benzene and 
treatment with nitrous acui gas it yields 
thee„ 1 „p„un,lC.II,< ( '( NO .)( C » ( ( > N0 1 ).C,H J ) > o 
(Gabriel, II. 18, 1251). 

Wmiiri.- V. Cyano- and Nrrnn.nnNZTL- 

IDKNi:-l'llTIl AI.1DK. 

Bimzylideno-phtlialide-di-bromide 

c.h, ; CUr ( o.m,.c.iw > p4n Formsd 

by Uni combination of bcnzylidotio-phthalido with 
liriiiiiinn (fluhriid, It. 17, 2527). Thick glistcn- 
ing prisms. Sparingly soluble in alcohol. 

(7s<>) - Benzylidene - phthalide 0,,U,„0, i.e. 

1 • [01°]. Formed by reduction 

' CO.O 

of nitro-benzylidenc phthalide 
C.U.< C( ■ C( co j) °* 11 '*>0 With 111 and P. Pro- 
pared by reduction of nitro-bonzylidono- 
phtlmlido; yield, 47 p.c. of the plienvl-acetic 
aotd employed to prepare the bonzylidene- 
phthalido (Gabriel, 1i. 1H, 3171). I bit colourless 
needles. Easily soluble in alcohol and benzene, 
sparingly in ligroin. By further reduction with 
HI and 1’ at 200° it yields s-di.phenyl ethane 
•-carboxylic acid (! | Il,.GiL.011..Cjr i .O().H 
By boiling with aqueous NaOll it ft converted, 
»nto deoxybenzoin . o - carboxylic acid 
CJ 1 (tO J U).CILC,>.(: i lI J . Heated with alcoholic 
NH, it gives •iadhcnzylidono phtlialimidiiic 
.(-11:0.0,11, . 

C .*I\ | (Gabriel, B. 18,7115). 

M'O.NH ' 

BENZ Y LIDEN E-PSTHAL-IMIDINE 

«««. 

■imUyl.Wn-yl [183’]. Yellow plate.,. Formed 
Irom I he amide of deowbeuzom o carboxylic ■ 
»>dt ,U,(Cil.NH ! ).CO.OIl...CJl, l, v solution' in ! 

-'y, J*y filing with acetic: acid (Gabriel, | 
if. 18 , 1 .1.1.1). I. also BnoMo- and Nrrno iiknzyl. 
tnr.Ni: vh niAMMinisR. : 

Isobcttzylidone-phthaliniidine v. tl'i/. 4)-Oxv- ; 

Id a- '■f) l'lll N Yr. lS,KJl'IN 'l.INK. I 


BESmiDEHE-DI FIPBRrDINB 

C,H,.CH . [81®]. Funned by heating 

piperidine with benzoio aldehyde. Colourless 
prisma. Very unstable, being decomposed even by 
boiling with water. Dilate acids resolve it into 
benzoic aldohyde andpiperidinefLaun, B. 17 6781 
BENZYLIDENE-RHODANIC ACID 
C„H,NS 2 0 i.e. C,H,.CH:C(SH).CO.S.CN. [200°]. 
1 ormed by the action of benzoic aldehyde upon 
rhodanic acid in pronenco of dehydrating agents 
(Ncncki, Jl. 17, 2378). Yellow needles, sol. 
water. Ily heating with baryta-water it is 
split up into a-sulphydro-cinnamio acid 
C,,11.011:0(810.CO JI and hydrogen sulpho- 
cyanide. Heated at 410° with cone. ILSO, 
(4 pts.) it is converted into benzylidene-rhodanio- 
ojy-sulphonio acid C 10 H,NS,O, (Oinsburg a. 
Bondr.ynski, /!. 19, 119). 

BENZYLIDENE-RHODANIC-OXY-SULPHO- 

NIC ACID C I;| I ONS.O.. Formed by heating 
benzylidenc-rhodanie "acid with colic. H.SO, (4 
pts.) at 110’. .Needles. V. sol. water and 
alcohol. Very strong acid (Oinsburg a. Bond ■ 
zynski. It. 19, 119). 

I BENZYLIDENE- ROSANILINE 
From rosauilinn and benzoic aldehyde by heat 
1 or by shaking with SO.Aq (Holiiil, A. 140, 111; 
1807, 179). -B'.ll.PtCl,. 

BENZYLIDENE " SELENIDE C,H,CHSe. 
Selnw-bcnzoir aldehyde. [70 ']. From benzyl- 
idenn ehlorido and alcohol K.,So (Colo, 11. 8 , 
1105). Yellow needles (from ’ alcohol), insol. 
water. Not attacked by N If,. 

BENZYLIDENE-DI-SXATOLE C., i.e. 

PhCH(C # H„N). : . [U2°J. From skatofe ( 2 1 , pts.), 
benzoio aldchydo (1 pt.) ami a little "ZnCL 
(Wcnzing, A. 230, 241). Insol. water; v. sol. 
hot alcohol and ether. Boiling HCi does not 
split off benzoio aldehyde. 

BENZYLIDENE SULPHIDE t>. Tiiio-benzoio 

AlJP.lIYDK. 

BENZYLIDENE THIO-BIURET i.e. 

c .H,CH<‘J;gj 8 «]>NU(?,. [237’J. Formed 

by beating benzoio aldehyde with ammonium 
sulphoeyanido at 137®-165° (Brodsky, M. 8,27). 
Minute prisms (from alcohol); insol. water, si. 
sol- Cold alcohol; sol. dilute KOII. Boiling 
j baryla-Avatcr forms benzoio aldehyde, barium 
, sulpliocyaniile, and di-phenyl-thio-urea. 

di f tt/l derivative C,1I,Ac.N,S 2 . [189°]. 
BENZYLIDENE o-TOLTJIDINE C,,II,,N i.t. 
C u n,.Cll:N.C„r[ 4 .(HI s [1:2]. llenzahlrhyde o- 
toluidc (314°). From o-tohiidino and benzoic 
aldohyde (Ktard, C. It. 95, 730). Resolved by 
boiling water into its generators. By passing 
through a lubo heated to dull redness, it is con¬ 
verted into jilienyl-indole C,H,<^^C.C 4 H,' 
(Fictpt, 11. 19,*l0C3). 

Benfylidene-p-toluidine 

C.H,.(!Il:N.C„II..CIf J [1:4]. From benzoic alde¬ 
hyde andp-toluidine at 100° (Scliiff, A. 140,96; 
Kohler, A. 241, 359; Mazzara, O. 10, 370). 
Melts below 100’, but changes at 160° into an 
isomer ids [120°-125°].—B'.H PtCl,. 

DI-BENZYLIDEN E-TOLYLENELIAMINE 
C.,1I„N. i.e. C,H,Me(N:CHt»h) ; [1:2:4] [122 3 - 
128°]. From benzoio aldehyde and tolylcne- 
diamine at 100° (ScliiS, A. 140, 98). Neutral 




BENZYMIlifr’OT ACID. f ;"1§ 

erysUllio* mui;it 140®-150° it gives am a- 12. From benaylidene-malonio acid by'iodituo- 
rine. I amalgam. 

BENZYLIDENEDI-UREA C.H^N.O, i.e. ] Properties.— Triolinio crystals, sol. water, 
C,H„OH(NH.CO.NH,) r Bensaldehyde di-urcXdt ! alcohol, and ether. Splits up at 180° into 00, 
{195®]. Formed by adding benzoic aldehyde to and 3-phenyl-propionic acid, 
analcoholic solution of urea (Schiff, A. 151, 192). * Ethyl ether KLA". (300®). 8.0. \ $ 1*02 

Crystalline powder, insol. water and ether, sol. (Conrad, .4. 204, 174; B. 12, 7521. Sodium 
alcohol. i ben/.vl-malonio ether is converted by iodine 


Di-benxylidene-tri-urea C, ir. )l N # 0 J . Powder, 
formed by heating urea with benzoic aldehyde. 

Tri-benzylidene-tetra urea C :i lJ : .N„0,- 
[o. 210 ’]. Powder, formed bv heating benzyl* 
idene-di-urea with benzoic aldelivde. 

BENZYLIDENE DI-URETHANE v. Bi:nzyl- 

XDEKK- I»I-CAItUAM!(’ Ai'SI*. 

BENZYL-INDOLE C 1S H„N i.e. 

°,H,< N .p 1 } I [ ^,CU. [I1-5=J. From its car- 

boxylic acid (q. r.) by heat. Yellowish needles 
(from alcohol). V. sol. benzene, light petroleum, 
chloroform and ether. Turns pine woo l mois¬ 
tened with IIC1 yellow. Picratc forms red needles. 

BENZYL-INDOLE CARBOXYLIC ACID 

OhH.jNOj i.e. C.II,< N y }, >C.CO.It. [195’, 

with decomposition]. Pyruvic acid combines 
at HP with h«‘nzvl pheiivl-liydrazine, forming 
“C II 4 .C(C0 J1):N.N l*iiC. 11 wlu-neo UC1 at 100 ' 
forms ben/yl-indol earboxylic acid (Anlriek, A. 
227, 3fi2). 

Properties. -Coh»u:le«?^ needles (from gla-ial 
acetic acid). 81. sol. water, chloroform, ami 
petroleum, sol. ether and alcohol, v. si. sol. 
benzene. Converted by heat into CO,, and 
benzvl indole. 

BENZYL IODIDE C li.I i.e. C,,1^.011,1. 

[24°]. 8.0. --173. 

Formation. 1. From benzyl alcohol in CS_. 
and iodide of phosphorus.- 2. Slowly formed 
by the action of cold lit (S.G. 1*90) on benzyl 
chloride (Lichen, tf. [2] 0, 73t;j.-3. Fr-m 
benzyl chloride ami KI (V. Meyer, B. 10, 
Jill; Kumpf, A. 221, 120), Znl a , or Phi. (Brix, 

A. 225, 154). 

Properties. -Crystals: decomposed by dis¬ 
tillation. Gives benzyl acetate with AgOAe, 
and tribenzylamine with alcoholic Nil,. Silver 
nitrite gives benzoic aldehvdo and acid (Van 
Benosso, If. 9,1454; Brunner, B. 9, 1741). 
BENZYL - (pseudo) - ISATIN C li H„NO, t.e. 

C ^ n 4<NCn^>00. [13P]. From benzyl-indole 

carboxylic acid and NaOCl in feeb’y alkaline 
solution, the insoluble chloride then produced 
being subsequently boiled with alcoholic NaUJI 
(Antriek, A. 227, 305). 

Properties. —Slender needles (from alcohol). 
SI. sol. water, sol. ether. Shows the indophenine 
reaction with IPSO, and crude b nzmc con¬ 
taining thiophene. « 

DI-BENZYL-KETONE C U H U 0 i.e. e 
CO(OHjPh).. T)i-phenyl-acctonc. Mol.#w. 210. 
[30'j. (32(F). Formed by the dry distillation of 
barium phenyl-acetate. Prisms. CrO, oxidises 
it to benzoic and aoetio acids (Popoll, B. 0, 
600). Reduced by HI at 180° to di-benzyl* 
methane (Graebo, B. 7, 1023). 

BENZ TL-MAL0NIC ACID C 18 II 10 O 4 i.e. 

C Hj.CH r CH(CO.II)^ Phenybhosuccinic acid. 
IU7 3 ]. 

Formation.—l. By saponification of its ether. 


; dissolved in ether into *GJ£ l (.-lL.CI(OOjFt) a , 
j which is converted by alcoholic KOil into 
ethoxy-benzyl-malonic ether (Bi*ch-lT a. JInus- 
! ebirfer, .1. 239, 110). Converted by alcoholic 
NH, into the amides CH.Ph.Cll^’ONII..), 
{225°] and CH,Ph.CU(CO Kn(CON}l,) (98°J 
(Bischoil a.Siebert, A. 239, 90). 

Di-benzyl-malonicacid (C 11 .OIL),C(COJI) 3 . 
[172 1 ;. P.; |163°j (B. a. II). Formed by saponify- 
; ing tho ether (Perkin, C. J. 17, 821). Slender 
; needles (from water) or thick prisms (from 
; alcohol). V. e. sol. ether and alcohol, in. sol. 
hot water, si. sol. lint ligrom. Gives di bonzyl- 
acctio acid on heating. 

I Ethyl ether (C„U J .ClL) a C(CO..Kt) : . (250 ) 
| at 40 mm. S.G. 1*093. Thick yellow 
j liquid. Formed by the action of benzyl 
chloride upon sodio-malonio ether. By boat¬ 
ing with alcoholic KOll it is converted into 
di-benzyl-acetic acid (Lellmann a. Schleich, 

B. 20, 439). Convcrtod by treatment with alco¬ 
holic ammonia into CO.Ft.ClItO,Il.).CO.NII., 
and (CO.NIL)_OiI.CHPli, benzyl being split off 
(Bischoff a. Siebert, A. 239, 97). 

Tdl-BENZYL-MELAMINE 
(CJIi.ClL.NIl CN) a . Formed spontaneously 
from bcnzyl-eyunamido by isomorio change 
(Strakowh, B. 5, C94). - B'"31IC1. 

! BENZYL-MERCAPTAN C.II.S ».«. 

C, H 1 .CiL.SIl. Mol. w. 124. (195°). S.G.** 

Lo.'iS. From benzyl ehlorido and KHS in 
nlcuhol (Miircker, A. 130, 75; 140 80) Pungent 
liquid witl#w.iliacoouB odour. 

j Salts. -(C.U,S) a lIg: needles. ~0 7 H ; 8HgCl. 
! ~ (C ; Ii ; S) a Pb. 

i Benzoyl derivative C 0 H,.OIf a .SBz. 
! (10°]. Colourless crystals (Otto a. Liiders, B. 
13, 1285). 

Ethyl derivative C,II,SEt. (210°). 
BENZYL-MESITYLENE O lg II IN i.e. 
C„H J .CH,.C,H,Me 3 . [30°]. (c. 302). V.D.735. 
Prepared by boiling benzyl ehlorido with mesityl - 
eno in presenco of Al a Cl, (Louise, A. Ch. [0] 
! (j, 17G, C. II. 95,1K3). Prisms; v. sol. alcohol, 
: fcther, and blnzeno. 

Beactiom.-- 1. HI at 180° gives toluene and 
inesitylene.—2. CrO, gives benzoyl-mesitylene. 
I 3. UNO, forms a tri - niire * derivative, 
I [185®] und an acid [266°].—4. Passage through 
1 u red-hot tuboforms twodi methyl-anthracenes, 
jmthracei e, and phenanthrene. 

Di-benxyl-mesitylene • (C # ll..CH z ) s C s HMo a . 
[13! c ]. (355’) at 120 inm. From I onzyi-mesityl- 
enc, benzyl chloride, and A1 3 C1 # (Louise, A. Ch. 
[Oj r», 197). Minute prisms. 

BENZYL-METHANE v. Ethyl-benzene. 
Di-benxy 1-methane v. Di -phenyl-propane. 
BENZYL MUSTARD OIL v. Benzyl tuio- 

CAIWfltlDS. 

BENZYL-METHYL-ACETIC ACID v. Phknyl- 

XflO-BDTYr.IC ACID. 

BENZYL-METHYL-ACETO-ACETIC ACID t>. 




Biirm.DM«THn-uctjrj c 

C l H,.CH ] NMe ] . Di-methjl-benrylamine. (181°). 
Prom benzyl chloride and alcoholic dimethyl- 
amine (Schotten, B. 15, 424; Jackson a. Wing, 
Am. 9, 78). Oil, miscible with alcohol and 
ether, 

Sal t».—"B'lICl.—B'JIJPtCl-— 
B'„H,FcCy,,.-B' 1 H, i ZnCl,. ' ' 

Methylo-chloride Ii'MeCl: whitecryslals, 
aol, water, v, b1. sol. Na,C0,Aq. - (B'MeCIU'tCl,. 

BENZYL-TETRA-METHYL-BENZENE 
C«H,.C14-C,IJMo 1 .[l:2:B:4:6]. [61°]. (c. 310°). 
From bonzoyl-iso-durene and fuming HI at 
250° (lissner a. Oossin, Bl. [2] 42, 170; A. Ch. 
[6] 1, 5 Hi). 

BENZYL-METHYL-CARBINOL 
C.I^.ClI.CHfOlll.CII,. (215° i. V.). From 
benzyl mclliyl ketone and sodium-amalgam 
'Em™, <7. 16, ilia). 

BENZYL METHYI-GLYOXIBC^H^NjO.t.e. 

C.H,CH. i .C(NOH).C(NOH).CH s . [181°]. Formed 
by thu action of hydroxylamino hydrochloride 
on isonitroso-benzyl-acetono (Schramm, It. 16, 
180). Small wbito noodles. Sol. alcohol and 
ether. Sublimable. Weak acid. 

Di-acetyl-derivative 0„H w (NOAo),— 
{80°J, small whito crystals (Schramm, B. 16, 

BENZYL-METHYL-KETONE C„H,„0 i.e. 
CJIj.CIIj.CO.CIfj Phenyl - acetone. (215°). 
8.(1. •' 1-010. l’roduccd, together with acetono 
and di-bonzyl-kutono, by distilling calcium 
acetate with calcium phenyl-acetate (Otto, J. 
vr. [2] 1, Ml). Unites with NallSO,. l!y 
heating with cone. H.SO, on tho water- 
bath it is converted into the sulphonic acid 
0,Hi(SO,II).C]I,,CO.CH J ; but by heating rprickly 
to a higher temperature it is split up into 
w-toluene-sulphonio acid 0.H..CIL.80.H and 
noetic acid (Krckelor, It. 19, 2025). 

BENZYL-METHYL-KETONE StLPHONIC 
ACID C„1I,(S0,II).C1I,.CII..C().CH 1 . Formed 
by the action of fuming sulphuric acid upon 
benzyl methyl ketone in tho cold.—FbA’, 
(hrolceler, It. 19, 2025). 

BENZYL-METHYL MALONIC acid 

F,,11,-0, i.e. 0„II,OIL.CM,-(CO.H) n . [135°]. 
Colourless orystals. Prepared from the ether. 
C u heating it gives CO., and phonyl-iso-bulvrio 
aoid. 

Di-ethyl-cther A"Et. (300’). S.Q. 

1-061. Prepared by the action of benzyl chlo¬ 
ride oil sodio-methyl-malonic etln-r or of methyl: 
iodide on sodm bcnzyl-maUmic ether (Conrad a. 
Bischoft, It. 13,/,9)j; A. 201, 177). 

BENZYL-METHYL 0XZDE C.H v CH,O.CH,. 
(UU ). 1-1 om benzyl chloride and KO.Mo 

(Labours, It. 80,1317). 

BENZYL-METHYfc-PIPERIDINE ' 

C.H.NiC 11 , 1 ( 011 ,). (245°). Colourless fluid. 
1-ormed by dry distillation of tho alkalino 
lijdrnto produced by tho action of moist 
P'l’Cridine -niethylo-iodide.— 
"Cl),l IC1, (Schotten, It. 15, 42.1). 

DI - BENZYL . METHYL - (pseudo ). THIO - 
nBEAC u ll„N i 8i. e .CH i .S.C<-;^ I j l . Formed 

with mcthvl iodide 
watM ' V ' *° 1, aico1101 au<l other, insol. 


large rhombio four-sided tables.—BTiJiO • 
[145°]1 glistening ndedlea; Y^waMd 
alcohol. BHI: [99°]; octahedra ; v. sol. warm 

alcohol, si. sol. hot water_B'JELCLPtGl . 

sparingly soluble four-sided prisms (Beimarna 

B. 19,2348). ' “ • 

(a)-BENZYL-NAPHTHALENE C„H„ ia 

C, H 1 .CIL.C I0 II,. [59°]. (o. 330°). S.O. U i-166 
H. (alcohol) 3 3 at 78°; 8. (ether) 50 at 15°, 
From naphthalene, benzyl ehlorido, and zinc- 
dust (Frotd, G. R. 76, 639 ; Miqncl, Bl. [2] 26 
2). Monoclinic prisms. Dilute UNO, produces 
phenyl (a)-naphthyl ketono [75°]. 

Sulphonic acid C„H,jSO,H. —KA' ac : 
needles (from alcohol). 1 

(g)-Benzyl-napbthalene 0,.H„. [ 66°1 
(c. 315°). S.O. 5 1-176. 8. (alcohol) 2-25 at 15°. 
Formed, together with the preceding, by 
heating naphthalene with benzyl chloride and 
A1,C1„ (Vincent a. lloux, Bl. [2] 40,103). Mono- 
clinic prisms (from alcohol); v. e. sol. benzene 
anil chloroform. Nitfio acid produces phenyl 
(3)-naphthyl ketone [82°]. 

BENZYL-(a)-NAPHTHYLAMlNE 

C,II S .CH,.NH,C ]0 1I : . [67°]. From naphthyl- 
nmina and benzyl chloride (Frotd a. Tommasi, 
Bl. [2J 20, 67). 

BENZYL-NAPHTHYL-KETONE 0„H,.0 i.e. 
piiJD —CO - CH,.C,.H S . [57°]. Tables. Prepared 
by the action of Al.,01, on a mixture of phenyl- 
acetyl ehlorido and naphthalene. On reduction 
with HI it gives phenyl - naphthyl - ethane 
(Oraobe a. Ilungener, D. 12, 1078). 

BENZYL - NAPHTHYL - METHANE *. 
PllENVI.-NAPnTUYT.-KTirANR. 

BENZYL-(fl)-NAPHTHYL OXIDE 
CJI 1 -CH-.O.C 10 H,. [99°]. White plates. Pro- 
pared by tho action of benzyl chloride on sodium- 
(fl)-nnphthol (Staodel, B. 14, 89D; A. 217, 47). 

. BENZYL-NAECElNE t,. Naiiceine. 

BENZYL . NITRATE C,H v CH,.NO,. Is 
perhaps formed by the action of benzyl chloride 
on AgNO, (Drunner, 11. 9, 1745). 

BENZYL-NITEO-ARBDTIN t-. p. 298. 

BENZYL-NITRO-PHENYL-r,. NiTRo-pnzim- 

BENZYL-. 

BENZYL-180-NITR0S0-MAL0NIC AOID 

C„H.-CH_.o,\;C:(CO-Hi,. From its other. The 
potassium salt on dry-distillation gives KCN, 
potassium carbonate and benzyl alcohol. 

Di-ethyl ether A'Et : . Prepared by the 
action of benzyl ehlorido and sodium ethylate 
on iso-mtroso-malonio ether (Conrad a. Bisohofl, 
B. 13, 6iW). 

BENZYL - NITR0S0 - MAL0NYL - BREA v. 

Benryl ether of Viotcmc acid. 

BENZYL - OXALATE C„H„0, i.e. 

(C u H .CH ; ) J C < 0,. [81°]. F’rom benzyl ohloride 
and silver oxalate (Bcilstein a. Kuhlberg, A. 147, 
311 J- Scales (from alcohol); may be distilled. 

BENZYL OXAMATE 0„H„NO, 
t.e. NH-.CO.COj.CH.Ph. [136°]. Prom 
NH a .CClj,C0 1 .CH.,Ph and benzyl alcohol (WaZ- 
lach a. Liebmann, B. 13, 507). 

DI-BENZYL OXAMIDE C„H„N,0. ia 
C-O-INlI.CII-.Ph),. [216°]. From oxalio ether 
ami benzylamine; or by boiling benzylamine 
cyanide with HC1 (Stmkosoh, B. 6, 694). Scale* 
(from alcohol). 

BENZYL-QXANTHRANQL V- OuKTsuna. 



V. H tMorn uucm. 

IBBTIrOB 3BVZ0I0 ACID v. On - 

nmn-Buizoia acid. 

BKBZYl-OXY-BUrrBIC ACID v. OiT- 

HUWTL-VA'LEBIC ACID. 

BENZ YL-OXY-MALONIC ACID v. Bknzyl- 

TABTBONIC ACID. 

BENZYL-OXY-8ULPHIDE v. Di-benzyl 

60LPHOXIDK. 

BENZYL - PHENANTHBENE C ai II u i.e. 
CHjPh.C,,!!,,. [150°]. From ben;.yl chloride, 
phenanthrene (#/.i>.) and zinc-dust (Goldsehmiodt, 
AT. 2, 411). Noodles (from benzene). CrO, gives 
benzoic acid and phenauthraquinone. 

» - BENZYL - PHENOL C.jU^O i.e. 
OJi r CH a .C 6 H 4 .OH [1:4]. Oxy-di-phcnyl-mcthane. 
Mol. w. 184. [84°). (323°- 3:i0 J ). 

Formation.— 1. From phenol, benzyl chlo¬ 
ride and zinc-dust (Pateruo, O. 2, 2; 3, 121).— 

2. From bcnzovl-anisol and HI (Paterno, D. 
5 t 288; 6, 1202).—3. From PhOAe and 
C,H v OIl a Cl alone or with Al^Cl,, and saponifica¬ 
tion of the product (Perkin, jun., a. llodgkinson, 
C. J. 37,722; Kennio, C. J. 41, 228).—4. By 
heating phenol with benzyl alcohol and EnCl, 
(Liebmann, 13. 15, 152).—5. By diazotising p- 
amido-di-pheuyi-mothano and treating the pro- 
duot with water (Busier, 11. 18, 2719). 

Properties.— Long needles or plates (from 
alcohol). Sol. KOHAq but not NH,Aq. 

Reactions. — 1. Distilling with P a O, gives 
benzene, phenol, and anthracene.—2. By bro- 
mination and nitration , or by nitration and 
bromination it gives the same bromo-nitro- deri¬ 
vative, when treated with UNO* in C..IJ 4 O a 
forms 0*1I ; (0H)(N0_.).Br [1:2:4:G]. Hence tho 
bromo-nitro- derivative C 6 lL(0H)(C,H.)(N0 a )Br 
is either [1:2:1:81 or [1:4:2:GJ. But the oxida¬ 
tion of C 6 H,.Cll. r C a H t OMe to C 4 H 5 CO.C (t H 4 OMo 
[1:4] shows that the arrangement is [1:2:1:11 - 

3. Phosphorus pentachloride forms (CcH,,),!^ 
r ' u01 -4. Chloro-acctic acid and KOll convert 


f. —bwwopheaoM mii 
tyno acid. T ■ ■ 

^o-Beasyi-dlphenyl (?). [54°]. (c. 285*) U 
110 mm. Prepared as above. Monoclinio 
needles. CrO, oxidises it completely. 

Di-bemyl-diphenyl 0„H fc (CII.Ph) r [118°]. 
From di-benzoyl-diphenyl and HI at 170* (Wolf, 
13. 14, 2032). Laminai (from alcohol). 
BENZYL-PHENYL- v. Phenyl-benzyl-. 

BE NZYL-Dl PHENYL-AMINE r. Dm hknyl- 


benzvl-phenol into CH ? Ph.C*H 4 .O.CIL.CO,lI, 
[100°], while CJI,.CIlCI.CO a II and KOH give 
rise to CIl. i Ph.C„H 1 .O.CHMe.CO a H [102 ] (Maz- 
zara, O. 11, 437 ; 12, 202). 

Methyl derivative C b II 4 .CH J .C l ,H l OMe. 
Bznzyl-amsol. (305’). From anisol, benzyl 
chloride, and zinc. Oxidised by alkaline KMn0 4 
it gives tho methyl derivative of jp-benzoyl- 
phenol. 

Acetyl derivative Ph.CII.C IL.OAe. 
(316°-320°). 

Benzoyl derivative PhCII.,.C_H,.OBz. 

[86°]. 

Sulphonic acid C,H..C tf H s (SO I H)(OH). 

Salts.— NH 4 A'aq: needles. - KA': feathery 
crystals. -BaA' r -C,,H, 0 S0 4 Ba am minute crys¬ 
tals.—These salts are all sp^mgly soluble 
(Bennie, C. J. 41,34; 49,406). They, a* well 
as the free acid, give a violet oolo.'r with Fe.CL. 

o-BENZYL-DIPHENYL C„H, a U. 
C.H v CH,.C s H 4 .C 6 H i . [83 y J. (286°) at 100 mm. By 
heating benzyl chloride and diphenyl witli zinc 
dust at 100° two benzyl-diphenyls are produced 
together with traces of anthracene. The />- 
hydrocarbon is less soluble and solidifies more 
caaily than its isomeride (Goldsehmiodt, M. 
2, 483). Leaflets or needles, m. sol. alcohol, v. 
•oL benzene and ether. CrO, oxidises it, to 


j BENZYL-AMINE. 

I h-DI-BENZYL .p - PHENYLENE - DIAMINE 

! J.N(CH v .C,,ll Ji [H4j. A mido-di-bcneyl- 

; aniline. [90 'J. Obtained by reduction of «- 
, nitro-di-benzyl-aniline with tin and HC1. Gliatcn- 
! ing colourless needles. V. sol. ether and hot 
| alcohol, al. sol. cold alcohol. With Fo^Cl, it 
J gives a deep-red colouration, with Fe.X'l, and 
IDS a blue insoluble pp. By cono. HOI* at 170° 
it is completely resolved into benzyl chloride 
| and p-phenylene-diamino. 

1 Benzaldehyde compound 
1 C„II i .CHtOH).NH.C„lI 4 .N(CH...C,II,),. [130°] 
Microcrystalline yellow pp. V. sol. benzeno, al. 

; 8ol.etlier, insol. alcohol (.Mutzudaira, 11. 20,1614). 

BENZYL-PHOSPHINE 0,11,1* i.e. 
C 1 .lI 4 .<JIi r PJL. (180°). From benzyl chloride, 
FiI,I, and ZnO (Hofmann, 13. 5, 100). Oil, 
volatile with steam. BMil: decomposed by 
water into its components. 

Benzyl-triethyl-phoaphonium chloride 
j PEt,(CH,Ph)Cl. From bcnzylideno chloride, 
tri-ethy 1-phosphine and alcohol (Hofmann, A. 

, Xuppl. 1, 323). 

j Di.benzyl-phosphine (CH 3 Ph),PH. [205°]. 

! Prepared together with the preceding, and sopa- 
; rated by steam-distillation, not being \o!.ilile. 
j Groups of needles (from alcohol); insol. acids. 

| Tri-benzyl-phosphine P(CH.Ph),. Appears 
i to bo formed as a by-produet iu the action of 
! benzyl chto.ideoii PNa, (Letts a.Collie, Tr. E. 30, 

! 181). Splits up on distillation into phosphorus, 
s-di phenyl-cth\ lone, dibenzyl, and toluene. 
Tri-benzyl-phosphine oxido ((’lIJ*h) 3 PO. 

■ [*Al3 J j. Formed by heating 1*11,1 with henzyiid- 
, enochloride ut 130 J and boiling tho product with 
) alcohol1 (Fleissner, 13. 13, 1665). Formed also by 
! the action of cone. Ba(OH),on tel.ra-benzyl phos- 
phonium acid sulphate; a weak solution of 
; baryta giving P(C,H,) 4 OH (Letts a. Collie, Tr. E. 

! 181). Needles; insol. wuter, sol. alcohol and 

I ctlier. (a l II JI PC) > H«Cl, - (C !il ]I a ,I>0),Fe,Cl,. 
I.- (C z ,H,. 1 I'0),CoCl. r - (C 2l lI.,PO),PdCL. — 
j (C 2l H al PO),I>tCl 4 . - (C v ,H zl PO) 2 ZnI r — 
j (C.,,IL, 1 l’0) 4 Br,. - (C 2l II al PO) 4 S. 

| Tri-btnzyl-phoiphine sulphide (CH^Ph^PS. 

, [206°]. Obtained bydistilling the acid sulphate 
. of tetra-benzyl phosphouium (Letts a. Collie). 
f Long thin needles, in. sol. alcohol. ’ 

Tetra-benzyl-phosphmium hydroxide 
Pr.n ; ) 4 0il. [over 200°J. Obta’ned by adding 
ltaCO, to the sulphate. BhoruOohedral plates; 
v. sol. water and alcohol; alkaline to litmus. 
Decomposed by heat intoP(C ; Ii,),0 and toluene. ; 
Tetra-benzyl-phosphonium salts. 

Chloride l'(Cll,Ph) 4 Cl. [224°J. From 
, benzyl chloride and I’Na,(L. a. C.). Crystallises 
: from water with 2aq, and from chloroform with 
j CHC1,. Split up by heat into tri-benzyl-pboe- 
phine, s-di-phenyl-ethylene, and HC1. 

I Platinochloride {PiCHjP^.ClJjPtCJ^ * 


tot 
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Sulphatn .— fP(C I H,),} f 80,: [230"}. - 
P(C,H,),SO,H: [217>]. 

Oxalate P(C,H,),C,O t H: noedlen. 
BEHZYL-I80-PHTHA1I0 ACID C„H, 1 Q ) *.«. 
0,H 1 .CH,.C.H,(C0 2 H) 1 . [243’]. From beiuogl- 
liO'plithalio acid by reduction witli sodium- 
nmalniun (Zincke, B. 9, 1705). Crystalline 
powder, v. »1. sol. water. BaA".—CaA"aip t 
Benzyl-terephthalio acid 
C,H„.C1I 1 .C,H J (C0. I H),. Obtained by reduction 
cl benzoyl-terephthalio acid (Weber, J. 1878, 
403). BaA". 

BENZYL-PHTHALIHIDINE C u II„ON i.e. 
.CII-ClIj.C.Il, 

C.H,^ \ Nn . [137°]. Colourless 

plates or scales. Formed by reduction of benzyl- 
ideno-phthal-iinidino by means of III. 

XHv.Cflj.C.fT, 

Nitrosaminc j>N(NO) 

mxk 


scales (from alcohol). With Mel It 
(OHaPhJSMeA [05°) from whioh may be oh. 
tained j(OH 3 Ph)SMe,Cl} t PtCl 4 . Cone. HNO, 
forms tolucne-exo-selinic acid, G,H,. CfiLSeO-H. 

BENZYL SELENO-CYANIDE C,H,NSe t.s. 
C fl H v CII,.SeCy. [72°]. From benzyl chloride 
and potassium selenocyanide (Jackson, B. 8,321). 
Prismatic needles with repulsive odour; insol. 
water, v. sol. hot alcohol. HNO, forms 
CJI,(NO,).CH a .SeCy [123°]. 

BENZYL - 8ELEN - UREA C„II 10 N a Se t.«. 
NIL.CSe.NH.CHjPh. [70°]. From benzylamine 
hydrochloride and alcoholic potassium seleno- 
cyanidc (Spica, 0. 7, 00). Sol. water, alcohol, 
and ether, gradually depositing So. Cone. IIC1 
forms benzylamine, Se, and HON. 

M-di-benzyl-seleno-nrea NH a .CSe.N(CH 2 Ph) 2 . 
[150°]. From dibonzylamino hydrochlorido and 
KSoCy. Thin prisms or needles; v. sol. hot 
water, alcohol, and ether. Cone. HC1 forms Se, 
CNH, and dibenzylamine. 


f93°]; yellow crystals,easily soluble in benzene, 
iigroin, and chloroform (Gabriel, B. 18, 1202). 

BENZYL-PHTHALIM1DE 
C„H,:C i O..:N.CH a .C rt ! l v l ‘htha lyl - benzyla m ine. 
fUO ’]. Long needles. Obtained by heating , 
potassium phthalimido with benzyl chloride at 
170 -ISO"’. HC1 at 200 ’splits itupintophthalio 
acid and benzylaruiue (Gabriel, It. 20, 2227). 

BENZYL-PIPERIDINE G,1I 10 N(C,II,). (2 45°). 
Colourless liquid. Insol. water. Prepared by 
the action of benzyl chloride on piporidine.— 
(B'lIClJ.yPtCl*: sparingly soluble pp. 

Mcthylo-iodido B'Mel. (145°]. Thick 
prisms. By moist Ag.O it gives an alkaline 
hydrate which on dry-distillation yields methyl- 
benzyl -piperidino (Schotton, It. 15, 423). 

BENZYL PROPIONATE C,.II ia O a i.e. 

0,H 4 .C1 l a .().CO.ClL.CII,. (220 ’). S.G.J™ 1*0360. 
Decomposed by Na into sodium prguionate und 
benzyl phenyl butyrato (Conrad a. Ilodgkinson, 
A, 163, 320). 

»- BENZYL - PYRROL CJl/.N.C.IL. (217° 
uncorr.). Colourless crystalline solid. Molts 
when touched with the hand. V. sol. alcohol : 
and ether, nearly insol. water (Ciamician a. 
Sillier, It. 20, 1300). 

v BENZYL PYRRYLENE DI-METHYL-DI¬ 
KETONE 0 4 H,(CO.(TfJ.NC,lI.. v-Benzyl - di • 
acetyl-pyrrol. [130’J. Formed by heating v- 
benzyl pyrrol with Ac. ; 0 210 \ Colourless 
plates. Sol. ether and benzene, sf. sol. water, 
nearly insol. petroleum-ether (Ciamician a. Sil- 
ber, B. 20,1370). 

DENZYL-QTTOOLINIUM HYDROXIDE v. 

lknzylo-hydroxide of Quihoi.ixk. 

BENZYL R0SANILINES. From rosaniline 
and benzyl chlorido (Dahl, D. P. J. 203, 303); v t 

IkOSANU.lXK. #> 

Methylo-iodide. From rosaniline, Mel and 
MoOIl (Hofmann, B. 6, 263). 

, BENZYL 8ELENIDE (C.I^.CII^So. [40°]. 
From benzyl chloride and P,Se ? (C. L. Jackson, 
A. 176,1). Long needles or prisms (from alco¬ 
hol) ; faint odour, insol. wator, v. sol. alcohol 
and other. HNO a forms 'selcnobenzyl nitrate ’ 

• J(C,H,).Se}.PtCl,. 

Benzyl diselenide (OH a Ph) a Se... (90 J ]. 
Formed by boiling Na^Oj, benzyl chloride, and 
alcohol for some hours (J.). Unctuous yellow 


TETRA-B KNZ YL-SILIC ANE C a# H aH Si i.e. 
Si(ClI a Ph),. Silicon-Ptra-benzyl. [128°*J. (above 
550°). S.G. 1-078. Formed by the action of 
sodium upon a mixture of benzyl chlorido and 
SiCl„ with addition of a little acotio ether 
(Polis, li. 18, 1543; 19, 1023). Largo mono- 
symnictrical prisms, sol. ether, benzene, and 
chloroform, si. sol. alcohol. May bo distilled. 

BENZYL SULPHIDE C U H M S i.e. (CILPh),S. 
[50°J. From benzyl chloride and alcoholic 
K..S (Miirckor, A. 136, 88). Thick trimetric 
tablets (from ether), a:6:c» *813:1: *515 (Foret, 
A. 178, 370; Bodowig). On distillation it gives 
s-di-phenyl-ethyleno and its sulphide (Barbicr, 
C. It. 78, 1772), toluene, benzyl mercaptan, 
s di-phonyl-acctylene sulphido SC,Ph* and 
thioncssal C a „lI, H S. Mel forms SMe s I, benzyl 
iodido and (Clij*h)SMo,I; the latter gives rise 
to tho compound {(CH.PliJSMe.^Cl} a PtCl { . 
I'Xhyl iodide at 100° forms similarly (CjH^SEtJ 
whence {(C,H,)SEt a CJ} 2 PtCl 4 (SohSller, B. 7, 
1274; cf. Cnhours, A. Ch. [5] 10, 21). 

DI-BENZYL DI-SULPHIDE (C^.OH^S,. 
Sulphobcnzol. [70°]. 

Formation. —1. By the action of an alcoholia 
solution of KH3 or K. ; S on benzylidene di- 
chlorido.—2. By the action of alcoholic KII8 on 
(a)-thiobonzoic aldehyde (Klinger, B. 15, 861).— 
8. By the oxidation of benzyl mercaptan by air 
or bromine (Miircker, A. 140, 86).—4. By tho 
action of K. 2 3 2 on benzyl chlorido in alcohol (M.). 

Properties. —Whito plates. Gives a crystal¬ 
line pp. (C u H.. M S 2 AgNOj) with an alcoholic 
solution of AgNO,. 

BENZYL-SULPHINIC ACID u. Toldknk bxo- 

SUH'HINIO ACID. 

BENZYL 8ULPH0CYANIDE 

C lt II v CH..S.(JN. [41°] (B.); [38°] (H.); (c.283°) 
(B.); (256°) ^H.). From benzyl chloride and 
ftlcdholio potassium sulphocyanide (Henry, B . 
2, 6361 Barbaglia, B. 5, 689). Prisms (from 
alcohol), insol. water; pungent smell. Com¬ 
bines with HBr, forming a compound decom¬ 
posed by water. Fuming nitrio acid forma 
C,HJNO..).CH...S.Cy. 

DI-BENZYL-8 ULPH0NE C u H lt SO, 4 a 

(CH.Ph) a S0 2 . [150°J. 

Fortnation.— 1. Together with 0,11,.CH r SO,K 
by tho action of K a 30, on benzyl chloride 
(Vogt a. Hcnninger, A. 165, 375).—2. By oxida- 



BSNZTL XYLYt KBTONB. 

Uob °l 4U» n *jl rolphoxid* with KMnO, and I BBN2YL-THYMOL ft ITO it. 

HOAo (Otto a. Mian, B. IS, 1284)—S. By tho CJLMePr(CH,Ph)(OH). i 25 J'n' a 
a^nofbenayl ohlorideon iijdiarabenzene-sul. | Formed, together with di-benryl thymol™^ 

oxidation oi di-benxyl sulphide. liejting benzyl chloride with thymol Li mW 
Snm i ne “ ait ’ 3 -. rnsol.waUr, sol. .dust (Mnxzara, 0. 11 , 340). Oil, insol. aqueoae 
alooho!, benzene, and acetic acid, Hy oxidising alkalis, sol. alcohol and ether. IV,Cl, gives a 
agenM it is readily oxidised to henzoio and sul- red colour on heating 
phuncacids (Otto, 11. 13, 12771 . 

BENZYL.SULPHONIC ACID v. Tuivnsi:- 

«J0-8CLrH<*NI0 ACID. 


Pi- 


DIBENZYL-SULPHONIC ACID 

PHENYL-KT1IANE SCLI’HONIC ACID. 

Dl-BENZYL SULPHOXIDE C..II..SO i.e. 

(CH.Ph).SO. [ 1 :i:t-J. From di-benzyl sulphide 
and oold UNO, ( 8 . 0 . 1-3) (Marckor. A. 136, t>2; ! 

Otto a. Ludwig, JJ, 13 , 1281). Lamina) (from ! 
water or alcohol). | 

BENZYL SULPHUROUS ACID v. Toluksk 
BOLPIMNIC acid. 

BENZYL TARTRONIC ACID C ltf II„O s i.e. ; 

CJI ,.01L.C(0Ii):((XLH) r [143°]. Formed simul¬ 
taneously with cinnamic acid by tho action 
of KOH on bonzyl-cMoro-malonie ether. On 
heating it forum R-pheiiyl-a-ozy-propioiiio acid . 

(phenyl-lactic acid I98 a j) (Conrad. B. 13,2100: 

A. 200, 245). : 

BENZYL-TEREPHTHALIC ACID u. Benzyl* j 

PIITHAMC ACID. 1 

BENZYL-TH10-CARBAMIDINE C s II I0 N.S 1 

i.e. NH:C(NII IS.CIJ l'h. Cjaiwmi,/, louyl Slender nicies, in. so), void alcohol. Weak ha * 
mercaptan. | <2 J j. From benzyl chloride and ; uvmtvt mr vr 
thio-uiva (Berntliscn a. Klinger, li. 12, 675). j B NZYI, - T0LYL * t\ Iolyl-ubnzyl-. 

Slender needles, m. sol. water; decomposed by ! BENZYL - T0LYL - METHANE v. PmcHYL- 
heat into benzyl mercaptan an«l di-cyan-di- j tolyl- r.iHANK. 

amide. B'HCI. [108 y j.- B'.H.PtCL. BENZYL-T0LYL OXIDE v. Benzyl alcohol. 

BENZYL - THI0 - CARBIMIDE | BENZYL-UREA CJL.N.O i.e. 

C - H 4 .CIL.N:CS. Benzyl mustard oil. (243°). j NH,.CO.NH.CH 2 Ph. [147°]. Formed, together 

1 chloride 
solution* 
i benzyl cyanate 

und ale#! olio NH, (Letts, C. J. 25, 448) or from 


heating. 

Acetyl derivative C I 7 II ip AcO. (245°) at 
Srtim. 4 

Di-benzyl thymol C 2 < 1I.. 6 0 i.e. 

JId'hJ.OH. (70°J. Frepired as above. 
Silky lamime, sol. ether and JlOAe, insol. water 
aud aqueous alkalis. Fe 2 CI 4 gives a led colour 
on heating. 

Acetyl derivative C vl H..AcO. [c.84°]. 
Methyl derivative C.,lt. ft MrO. 

Benzoyl derivative <L,H. s BzO. [c. 78'']. 
BENZYL - TOLUENE v. Phenyl - tolyl- 

Mh THANK. 

DI-BENZYL-TOLUENE C.,11,, i.e. 
CH g .C ¥ lI s (FlI ; .I'h) 2 . (e. 301'"'). A product of the 
action of benzyl chloride on toluene in presence 
of zinc-dust (Weber a. Zincke, B. 7, 1164). 

BENZYL-;; T0LUIDINE l > hCH 2 .NH.O,.H l M«\ 
(313°). From benzylideno-n-ttdufdino (Kohler. 
A. 241, 359). 

Di-benzyl-p-toluidine C 2 I II 21 N i.e. 
(Ph.CIL) 2 N.O,,H l Me. (55°j. From benzyl chlo¬ 
ride and 71 -tohiidinc (Cannizzaro, A. Suppl. 4,80). 


V 4 „ri..Lii,. t >:u? 5 . jsenzyi mustard vil. (213°). Nil ,.CO.NH.CH 2 Ph. [147°]. Formed, togeth 
Benzylamino is dissolved in CS., and the pro- | with di-bcnzyl-uiea, by heating benzyl ohlori* 
duct boiled with alcohol and IIgCI 2 (Hofmann, witli potassium cyanate in alcoholic solutu 
'A. [2] 4, 090; B. 1, 201). Oil, smelling like; (Cannizzaro, (1. 2,41). Also from benzyl cyan# 


water-cress. 

BENZYL-THIO GLYC0LLIC ACID v . Thio- 

OLYCoLLIO acid. 

BENZYL-THIO-UREA C h H, 0 N v S i.e. 
(CHjPhlNII.CS.NlL. [l()l°J. From potassium 
sulphocyanide and benzylamino hydrochloride 
(Paterno a. Spica, G. 5, 388; B. 9, 81). .Sol, 
water and alcohol. 


benzylamino chloride and potassium cyanate 
(Paterno a. tSpica, (J. 5,388; B. 9, 81). Long 
noodles (from alcohol); in. aol. water. At 200° 
it splits up into NII a an<l .s-di-benzyl-urea. 
s-Di-benzyl-urea (CJI.Ph.NH^CO. [107°]. 
Formation. —1. From benzyl* chloride and 


• KNCO or urea.--2. F’rom benzyl-urea by hcat- 
Benzoyl derivative C 7 H 7 NH.CS.NHBz. ing. 3. By heating benzyl alcohol with urea 
[145 ]. From benzoyl sulphocyanide and benzyl- nitrate (Campisi a. Amato, G. 1, 39 ; B. 4, 412). 


amine (Mitjuel, A. Ch. [5J 11, 313). 

s-Di - benzyl - thio - urea (Ph.CII 2 .NII) A’B. 
[114°]. From alcoholic benzylamino and Ctf 2 
(Strakosch, B. 5, 092). F'our-sided plates, insol. 
water, sol. alcohol and ether. Converted by 
HgO into di-benzyl-urea. Alkyl iodides give the 
following derivatives: 

PhCH...N II.CS..N Me.CH v Ph.—• 
(C 7 H,.NH.CS.NMeC ; H,).II 2 l*tCI,.— 
C.H.NH.CS.NMnC.H.li JU'J j— 
PhCH 1 .NH.CS.NKt.CH,Ph.— . 
(C,H,NH.CS.NEtC,ll,) 1 lI,Pta,— 
C,H.NH.C 8 .NKtC,H,HI (93 !, J.- 
C,II.NH.C8.NElC.H,H,S0 4 .— 

1’liClL NH.CS.NPr.CH ; Pli,- 
PhCH J .NH.CS.N(C i H„).CH ! Ph (Pciumru.i, B. 
19, 2343). 

u-Di - benzyl -thio- urea (PhCHJjN.CS.NH*. 
[157°]. From potassium sulphocyanide and 
dibenzylamine hydrochloride (P. a. S.). Largo 
needles, m. sol. water. 


4. From sdi-bonzyl-thio urea, HgO, and alco¬ 
hol (Strakosch, Ji. 5, 692). 

Probities. -•-• Needles, insol. water, v. sol. 
alcohol. Weak base. 

u Di-benzyl urea (CU 2 l‘b) 2 N.CO.Nil 2 . [125°J. 
From di benzyl-amine hydrochloride and KNCO 
(1‘at.erno a. Spiaf, G. 0, 388; B. 9, 81). Thick 
prisms ; si. sol. cold water. 

BENZYL-URETHANE t>. Benzyl-caiuiaiiio 

ACID. » 

BENZYL m-XYLENE C 14 H M i.e. 
O.Hj.CHjj.C.HjMcj. Phenyl - xylyl - methane 
(290'' i. V.). F’rom m-xylenc, benzyl chlorid#, 
and zinc-duBt or Cu (Zincke, B. 5, 799 ; 9,1701)1 
Oxidation gives benzovl-iso-phthalic acid. Ap* 

r ears also to be formed by rcduciug phenyl xym 
etone with HI (Sollscher, B. 16,1082). 
Benzyl-p-xylene. (296°). F'rom p-xylen#^ 
benzyl chloride and zinc-dust (Z.). 

BENZYL XYLYL KETONE 
| C.n i .CH a .CO.C fc H 3 (CII,) 2 . [1:2:4]. Dimthfr 
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tUozybmo ftt (fttwra *A*). Fluid. Formed 
fcywe lotion of A1,CII, on • mixture of is-xylan* 
•nd ptisnyl-aostyl-oiloritK On oxidation it give* 
di-methyl-benxoic acid (Sullscher, B. IS, 1681), 

flftnn i tf rwn n rr vr r> A * 


voiuctmu, luji-utiuiuimt:, twin iu icuab u 

Alkaloid!. .Small platen, containing 2aq. Easily 
*ol. ether. The hydrochloride forms suifill 
plates, the nitrate nuudlos. --By I^Cl a PtCl 4 5 or 
yellow crystalline pp., si. sol. cold water 
(Hesse, B. Ill, 31m 

BERBERIC ACID C H H # 0,aq. An acid formed 
by fusing borborino with KOI! (Iilasiwetz a. 
Gilra, J. 1804, 407). Needles; v. sol. alcohol 
and ether, m. uol. water. Fo^Cl,, gives a greon 
colour turned rod by ammonium tartrate. He- 
dutes hot Folding's solution and silver solution. 

BERBERINE C J .li II NO l 4>i. 

H. 22 at 21°. H. (alcohol) 1 at 15 *. Occurs in 
the root of tho liarhorry, Herbaria vulgaris, to¬ 
gether with oxy-acanthino (//. v.) t berhamino 
and another alkaloid (Buchner, A. 21, 228; 
Hesse, 13. 19, 3190). Occurs also in Colombo- 
root (Gorrulus palmatus) (Floitniann, A. 59, 
100; Bodoker, A. 00, 381; 09, 40); in Meni- 
Sjierrnutn fenestratum (Perrins, 0. J. 15, 339); 
iu Ahnocoula bark from (Uvlnrliuc polyearpa 
(Stenhouse, I’ll. 11, 455; C. J. 20, 187; Daniel, 
A. 105, 30*0); in I,routin’. Ihalictro'ides (Mayor, 
J. I'h. (3], 40, 490); in Xanthnj-ylon clava 
llerculis (Ch.-vallicr a. Polletan, lierz. J. 7, 200; 
1‘orriiiH, A. Suypl. 2, 171); in bark of Geoffroyca 
tnermis (Gusfell,./. 1800, 180); in Coptis 'trifolia 
(Gross, ,/. 1871, 911); and in tho root of Evodia 
ijLiuca (Martin, Ph. |3] 13, 337). 

PrejHiration. —1. The finely powderod root of 
Hydrastis caiuulensis is extracted with alcohol; 
11,80, is added to tho cooled extract, and tho 
pp. decomposed by Nil,. The operation ia 
ropeated u second time (Lloyd, Vh. [,f)*10, 125; 
cf. Merril, Am. J. Pharm. 35, 97; Procter, C.N. 
0, 112). 2. Barberry root is exhausted with 
boiling water; tho extract evaporated, and 
treated with 92 p.n. alcohol. The horherino ia 
purified by crystallisation from water or alcohol 
(Buchner). 

Proiwrtits. - Silky ycdow needles ; tastes 
bitter; si. sol. cold water and alcohol, insol. 
ether. Turned brown by ammonia. On adding 
iodine iu potassium iodide to a solution of ber- 
berino hydrochloride tlu* periodide i( ppd. It 
crystallises from alcohol in rial noodles, but on 
adding water, green plates separate. 

Reactions. -1. Zinc and dilute acids form 
hydro-berberinc. 2. Potash- fusion produces two 
aoids, C H 1I W ()„ and 0,11,0* Gllasiwetz a. Gilm, 

, 1804, 400). - 3. Nitric acid oxidises it to 

borberonio acid. - 4. KMnO, in presence of KUO 
forms hemipic acid, [Hi/j l R. Schmidt a. Schil- 
bach, Ar. I'h. [3; a:,. u\\y 

Salta.- (Fleitmunn, A. 59, 1(50; Henry, A. 
115, 132; Perrins, O’. J. 15, 339; Iilasiwetz, 
A ' Suppl. 2, 191). - BT1CI: Blender yellow 
needles. — 15 HCd laq. — BHC12aq. 8.G. ^ 

*■ 173 >- ~ IWIIgCl,. 
--BHIIgOl, (llmterbcrger, A. 82, 314).— 

R fitfi 11 **. ( Kobl a * Hwoboda, J. 1852, 550). 
ad? * »mall needles. S.G. V 1*758 (C.j. 

HAut 1,; maroon - coloured needles.— 




B'HSONlJaq. - B&Jtfly, - #&jrib u 
-B'H.0,0, - B-HOliV _ BUHSaiq.- 
B'C,H.O. ixq.-B'O A(Sb0)0, (SteHhonU7i»r. 
U. 491). -.B'ACr.O,. - B'0A(N0J.0k- 

(Bem- 

A’ thylo-iodide B'Etl: needles. 

Hydroborberino 0*11,,NO,. Obtained by re¬ 
ducing berborine in acid Bolution with zino 
(Iilasiwetz a. Gilm, A. Burnt. 2,191). Granules 
or needles (from alcohol). Iteoonvertod into 
berborine by HN’O,. 

| Halts. —B'HCI. — B'..H PtCl. — B'-ILSO.. 

B'lJNlf 0 *' ~ ( ? )' - Bill — 

Mctkylo-iodide B'McI: trimetrio crystals, 
a:b:c^ 1*033:1; 1*789. -UTIcOH (Bernhoimer, 
G. 13, 312). 

Ethylo-iodide B'Etl; prisms. 

BERBER0NIC ACID v. Fyiudine-tri-cab- 
hoxylio Acn>. 

BERGAMOT, OIL OF. An aromatic essential 
oil expressed from the rind of an orange, Citrus 
bergamia. Its S.G. is *87. It contains a stear- 
opteno, a terpene, and a terpene hydrate (?). 
By rectification a liquid (183°) may bo got, 
which absorbs 1IC1 (Soubeiran a. Capitaine, 
J. Ph. 2fi, OS, 509). Tho stearopteno ( Berg- 
aptcnc) is deposited after long keoping. It is 
solid, [200 J j, but volatilises without decomposi¬ 
tion. It may be (0,11,0 )x (Mulder, A. 31, 70; 
Ohm«\ .1. 31, 310). ' 

BfcltGEN ITE CJI.Aaq. [130°J. S.G. 1*5 
[“Ji» •- "51*30'. Obtained from Siberian saxi¬ 
frage (Bergenia siberica) by extracting with hot 
water, ppg.the tannins with lead acetate, and eva¬ 
porating to crystallisation (Morelli, C. li. 93, 
010 ). Trimetric prisms. Tastes bitter. V. si. 
sol. cold alcohol and water. 

Acetyl de. rival iveC n ll, J A.cO i : amorphous, 
v. sol. water, alcohol, ami ether. 

Tri-acetyl derivative CgH^AOjOj. 

Bant-a.acetyl derivative C^HjAc.O.. 
BERLIN BLUE « Prussian Blue v. Ferro - 
cyanide of iron under Cyanides. 

BER0NIC ACID v. Pykidinb di-caiwoxylio 
acid. 

BERYLLIUM. Be. (Glucinum.) At. w. 

9 08. Mol. w. unknown. S.G. H ( >° (after com¬ 
pression) 1*85 (Humpidgo, Pr. *39, 1). S.H. 
J[100 o ) *4702; (200°)-540; (400°) *0172; (500 3 ) 
*0200 (Iluinpidge, Pr. 39, 1). S.H. (20°) *397 ; 
(7ii°) *418; (157°) '519; (257°) *581 (Moyer’s 
calculation, 13. 13, 1780, from data of Nilson and 
I’ottersson who worked with metal containing 
about 95 p.c. Be; B. 13, 1451). S.V.S. 492. 
prystalliscs in hexagonal, holohedral, forms: 
a:c - 1:1*5801 (logger a. Flink, B. 17, 819). 

Occurrence. -Only in combination; in beryl 
(3BeO.Al,f) s .USiO,) and some other silicates, 
also in chrysoberyl Al a O,.BeO. Beryllium 
oxide was recognised as a distinct body in 1797 
by Vauquehn, the metal was obtained by Wohler 
in 1827, but approximately pure beryllium was 
not prepared until 1885, iu which year Hum- 
pidge obtained specimens containing 99'2 p.o. 
Be, 1 Fe, and 7 BeO. P 

Preparation. —Wohler ( P. 13, 577) obtained 
an impure metal by the action of K on fused 





Mil! xu»r (O. A obtain *!pant land,utiot Mg.Ot, B*,8r,oi »oth*r,thorn 

•p*dm«n« by Ming Kg and a (penial form of that Be ia rather, to be Olaued with the lattet 
apparatus. Nilson a. Pettersson, by decompo- than with the former elements; the value 9*1 
eiijg BeCl* by Na in closed iron crucibles heated for^the atoraio weight of Be is thus confirmed 
in a wind-furnace (B. 11, 381), and sifting £v. Hartley, G. N. 48, 195). Beryllium is a 
the crystals through Pt gauze ( B. 13, 1455), markedly positive, or metallic, olement; it does 
obtained specimens containing 94-4 p.c. 13c not exhibit allotropy. It is chemically related to 
(BeO = 4*89, Fe - '70). Humpidge ( Pr. 38, 188; Mg, Ca, Sr, and Ba, in much the same way tlmt Li 
39, 1) purified BeO by solution in (NH^COjAq is related to Na, K, Cs, and lib. BeO resembles 
and decomposing the solution by steam; he MgO, but is distinctly less basic.; c.g. it dis- 
mixed tho BeO thus obtained with pure charcoal solves in KOHAq, and does not combine direotly 
and starch paste and heated in Cl in a glazed j with H a 0; compare also [BeO H*', IHSO'Aq]*- 
porcelain tubo; tho BeCl, thus obtained was ■ 18,096, with [MgO v H-' t IISO’Aq] ^31,216. 
placed in an iron boat, and this in an iron tubo ! Analogies also exist between Bo ami A1; e.g. 
surrounded by another tube of hard glass; ; the existence of many basic salts ; Bo, however, 
another iron boat contained Na; the Na was does not form an alum; Be('I a does not cora- 
heated in a stream of H, and the Bed* was _ bine with NaCl and KC1 as ALCl a does. In 
then vaporised (in H) over the molten Na, Tho ; dilute acid solutions Bo is electronegative to Mg 
crystals of Be wero washed in dilute NaOLIAq, j but positive to A1; in caustic alkali solutions 
to remove BeO, then in water, and dried. j the electrochemical ordor is + Al, Mg, Be - 

Properties. Steel-coloured, hard, hexagonal, (Humpidge, TV. 171,601). Bo forms only one 
holohedral (Brogger a. Flink, B. 17, 849) crys- scries of compounds, BoCt, BeSO,, Be2NO # , Ac.; 
tals. Unchanged in ,ordinary air; scarcely ; it exhibits a marked tendency to form basic 
changed by healing in air. Scarcely acted on salts, e.g., BeSO.-BeO.IHip, BeC0,.3Be0.5H 1 0, 
by 0 or S at red heat, but burns in Cl to Be Cl., Ac. Braunor (B. 14, 53) sums up tho oliemical 
(Nilson a. Pettersson, B. 11, 381). Burns in , relations of Be in tho throe statements 
O-U flame (Humpidge, T. 174, 601). Dissolves ; (1) Li:Bo -»Be:B. (2) Li:Na« Be:Mg»B:Al. 

slowly in acids, also in aqueous alkalis, witli j (3) Li:Mg »Be:Al«B:Si. Tho chemical rola- 
evolution of 1£. Many of tho properties ascribed ; tions of Be will bo moro fully discussed in the 
to Bo by Wohler (P. 13, 577), and Debray (A. . art. Maonksii’m mi:tals; v. also tho remarks on 
Ch. [3] 41, 5), were the results of experiments Group II. in art. Classification. Tho following 
with very impure material. Kmission-Bpeetrrm i are tho principal papers bearing on the At. w. 
Characterised by tho lines 3320*5,26494,2493*2, of Be: lteynolds, P. M. [5| 3, 38; ibid. Pr. 85, 
and 2177*7, of which 3320*5 is the most promi- 218; Humpidge, Pr. 35, 358; 38, 188; 39, 1; 
lient (Hartley, G. J. 43, 316). The atomic Hartley, O'./. 43. 316; ibid. Pr. 36,402; Car- 
weight of Be has been determined (i) by nelloy, Pr. 29, 190; ibid. B. 17, 1357; Brauner, 
analyses, and determinations of V.D., of BeCl., ' B. 11, 872; 14, 53; Meyer, B. 11, 577; 13, 1780; 
and BuBr a ; (ii) by determinations of S.H. of | Nilson a. IVtterason, B. 11,381, 900; 13, 1451, 
Be; (iii) by analyses of various compounds, ; 2035; 17,987. 

especially recently of the pure crystallised sul- ! Reactions. —As most of the reactions said to 
phato by Nilson a. Pettersson (B. 13, 1*51) ! charactefi e Bo have been obtained by export¬ 
er older analyses v. Berzelius, P. 8, 187; J meniing with material far from pure, tho 
Awdejew, P. 56, 101; Klatzo, J.pr. 106, 227J; ' following statements must bo accepted as pro- 
(iv) by the application of tho periodic law. j visional only. —1. Hydrochloric acid, whether 
There has been much investigation and dis* gaseous or aqueous, reacts readily to produce 
cussion concerning tho value to bo given to the j BeCL —2. Sulphuric acid dissolves Be, forming 
aiomio weight of Bo; some chemists insisted lk*S(),Aq.—3. Nitric acid acts very slowly oven 
that 13*65 is the true value, and that tho oxido when hot and concentrated. -4. Be dissolves in 
is BojOj. Tho determinations of the V.D. of j warm KOHAq or NaOHAq. 

BeCl, and B«Br 2 , tho careful measurement of J Combinations.-—I. Bo combines readily with 

the 3.H. of almost pure Be, and the eonsidora- j Cl, Br, and I to form BeCl*, BoBr^ and Bel, 
tion of the physical and chemical relations of • respectively.—2. it also combines very readily 
Be and its compounds to other elements carried* with Si;* and, according to tho observation* 
out on tho lines suggested by tho periodic law, of Wohler, made, however, with very impure 
havo finally established the value 9*08 9*1 for i material, with J’, So, and S; later experiments 
the atomic weight of Be. The S.H. of Bo in* ; seem to show that Bo ai.d S do not combine 
creases rather rapidly as the temperature i when heated togeflher (Nilson a. Pettersson, B . 
increases, and approaches^constant value, equal ; 11, 381). -3. An alloy oi Be and Fo was de« 
to about *62, between 400° and 500* (Hum,j scribed by Stromeyer as a white solid, less 
pidgo, Pr. 39, 1). Tho relation Iwtween S.H. J malleable than iron, obtained by strongly beat- 
nnd temperature is expressed by the empirical j ing BeO with Fe and charcoal, 
formula K f = *3756 + *00106f-*00''901 W l -(1111111- j Detect am. -1. Caustic jwtash or soda pps, 

pidge, Pr. 38. 188). The product of S.H. into , BeOlt/J soluble in excess, but reppd. on dilu- 
At. w. (*62x9*1*5*64) is lower than the mean 1 ting and boiling.—2. Ammonium carbonate pp*, ; 
value of this quantity for the solid elements, ; the carbonate easily soluble in excess; tali 
but is nearly the same as that obtained for B, reaction distinguishes salts of Be from salts of* 
C, and Si. The atom of Be is divalent in the Al. —3. Be salts give no colour when heated with 
gaseous molecules BeCl z and BeBr s ; these are ! Co.2N() r 

the only compound? of Be at present known in j Estimation.— As oxide, by ppg. by exoess ol- 
the gaseous state. A comparison of the spec- j NH,Aq, washing, drying, and strongly heating, 
tniro of Be with those of In and Al on the one ! BeO is separated from A1/J, by the action at 
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BERYLLIUM. 


(NHJ,CO s (y. Hofmeiiter, J. pr. 70, 1); or by 
converting the alumina into potash alum ( v. 
Scheffer, A. 100,144). 

Beryllium, Alloy* of. Little or nothing is 


Beryllium, Hydroxides of. A compound of 
Be, H, and 0, agreeing in composition with the 
formula BeO a H a ( «= BoO.H/)) is obtained aa a 
white powder by ppg. a hot solution of a Be 


known; v. Beryllium, Combinations, No. 3. , | salt by NH s Aq, or KOIIAq, boiling, collecting, 

Beryllium, Bromide of. BeBr,. Mol. w. washing, and drying at lUO 3 (Atterberg, Bl. {2j 
168-0. (abt. 000'] (Curnolley, 71. 17, 1357); sub- 21, 358; Weeren, P. 92, 91); on heating more 
limes readily at 450 rj . V. D. 90 (Humpidge, Pr. : highly, BeO remains. Van Bcmmelen (J. pr. 
38, 188). * j [2J 20, 227) says that the pp. by KOHAq lias 

Preparation. -1. By heating Be in Hr vapour j the composition BeO.TI .O only when heated to 
(Wohler, P. 13, 577).- 2. By heating BeO 1;50°-180°; he describes a gelatinous hydrate, 
mixed with ehartjpal and made into a paste ( BeO.IIA), obtained by the action of NII 3 Aq on 
with sLareh, in dry Br (Humpidge, T. 171, 001). i BeS0 4 Aq, washing with cold water and drying 
Crystals of hydrated Bolir.. are obtained by j in dry air at lo’-EO 0 ; the composition of this 
dissolving freshly ppd. BeO.ll/) in HBrAq, and j hydrate is constant up to 200°. The compound 
evaporating (Berthemot, A. Ch. [2j 14, 391). J BeO,IF, is not re-formed by tho action of water 
Property's, filing white needles; very deli- ; on BeO (for more details of this action v. Van 
quer.ceut. J b aled in air, partly sublimes, and ; Bcmmelen, l.c.)\ it seems better to regard it as 
is partly decomposed into BeO and Br. j a hydrated oxide, BeO.II/), than as a hydroxide 

Beryllium, Chloride of. BeC!.. Mol. w. 80, j Be(OH)... Other hydrates of BeO are said to 
at low temps. ICO Ue,CI 4 . [about COO’] but : be obtained by drying the pp. by Nll,Aq over 
sublimes considerably lower (('arnellev, <1. J. j II.SO,, or merely m air, but tho composition of 

37, 20; v. also ibvl. 11. 17, 1357). V. I>. (085° *>•'—- -*-• > ’ ' ■ - 

to 1500 ) 40-90 (mean of 4); V. I). (520 j 00*4 
(Nil.son u. lYttciBson, U. 17, 987; J. pr. [2J 


33, 1). 


these bodies is variably (v. SchaITgotscli, P. 50, 
183; Atterberg, B. 7, 473; Van Bemmelen, 
J. pr. [2] 20, 227). The gelatinous BeO.lt,0 is 
easily soluble in muds, also in NaOllAq'and 


Preparation. - 1. By heating Bo in Cl.-2. KOHAq, and in (NII,),CO a Aq. By boiling tho 



solid BeO.it. being used in oacli case 
(Th. 1, 3C3); [HcO’U* II-SO'Ai]] - 10,090 ; 
[Be()*IP,2UCIAq] -13,014. These values are 
much loss than those for the alkaline earth 
hydroxides (about 31,000 for lf.St),Aq). 

Beryllium, Iodide of. Bet. Mol. w. un¬ 
known, as V.D. has not been determined. 
Described as colourless needles obtained by 
betting together Be and I (Wohler, P. 13, 577 ; 
Debray, J. (Ui. [3] 44, 5). Kasily decomposed 
by action of hot air into BeO and I (De¬ 
bray, l.c.). 

Beryllium, Oxide of. BeO. Mol. w. un¬ 
known. S.O. 3016. 8.11. (O' to 100°) -2471 
(Nilson a. lYttersson, 11. 13, 1454). S.V.S. 8-3. 

.... .... •„ . ■ . - j Preparation. . Beryl is fused with NaKCO, 

1 ^ ; rt,ul 1 BeU .Nnf I'.KH .0 in grapbito crucibles in a wind furnace; the 
. v\ Tig, . j, li. ) ; BctB.l’ttMj.OltO fused mass is heated for some time with excess 
i i'Mhim oii n 3 ’ hL V 7 V • 7,> ^' 1,10 salt ! of U.^O.Aq, water is added and SiO. removed 

; ;r , r; '! l , l!0, 61 ,os,tion t0 j b y filtration, tlie liquid is evaporated until a 

; «lni?dfrora«{ crust begins to form and is then allowed to 
“ , '! . the Be salt retains 1H.O. nndeorre- stand for 24 hours or more; potash alum and 

!?’»•!,» l K - S0 * ^’P^atc out; tho mother liquor is again 

ill la'lfm,H s ) 3 'O (Atterberg, j evaporated and a second crop of alum crystals 

r.V' | is obtained and removed; tho mother liquor 


less refractive liquid; may bo sublimed un¬ 
changed in pure dry N or CO..; but is easily 
decomposed into BeO and Cl if a little air is 
present (Nilson a. lYttersson, li. 17, 987). Is 
practically a non-conductor nf electricity 
(Nilson a. lYttersson, B. 11, 382 ; Humpidge, T. 
171 , 001 ). 

Bract ions. — Dissolves in water \fi% produe- 
tionof much heat; on evaporation, an ori/chloride, 
IUvOi , l...M/)(-.BeBLll(t).H.(t) is obtained; if 
the solution is placed over 11,S0 4 under a bell- 
jar, crystals of B. <1 .411,0 separate out (Awde- 
jow, V. 50, 101; Atterberg, HI. [2. 2t, 35S). 

Combinations. 1 . With chivvies of various 1 
heavy metals, to form double compounds ; » spi 


Beryllium, Fluoride of. Hydrated BeO dis- 


is now poured into a*warm cone, aqueous solu- 


buims easily in HIAq;on evaporation, a trails- • turn of ammonium carbonate, tho pp. (of 
parent,gum-hke. mass lb obtained which becomes ! A l.O. Ac) i-’ ♦—i ~:*u h* 

olmniin rtt I ill l 0 Kilt • .. ! . * .1 ' 



lntb^r by adding little KFAq, to a solution of 
BeO.11 O in IIFAq, and evaporating. The com- 
pounds 2NaF.BcF„ NaF.DoF,.,and 2 N IFF. Be F. 
ire also described by Berzelius. 

Beryllium, Hydrated oxide of, v. Bxbylliuv. 
avaaoximca or. 


. . CaO, Fo.,0, do.; the BeO may be 
obtained by boiling the solution (Nilson a. 
IYllersson, 1). 11, 383), or by acidulating, boiling 
oil CO.., and ppg. by NII a Aq (Hofmeister, /. pr. 
76, 3); in either case, tho ppd. BeO.arll/} 
should be again treated with (NH 4 ) a CO,Aq and 
then reppd. There are various other ways of 



preparing B«0 jbH, 0 from beryl (tv eepeoially 
Joy, J. pr. 92, 232; Scheffer, 4. 109, 146; 
Berzelius, P. 8,187; Debray, A. Oh. [8] 44,15). 

Properties.— A white, loose, infusible powder; , 
insoluble in, and unacted on by, water ; soluble, 
in acids and in molten KOH. According to 
Ebclmen (.4. 80, 213) BeO is obtained in hexa¬ 
gonal crystals (a:c =»1:1’587) by cooling a 
solution of tho oxide in molten boric acid ; 
Debray obtained similar crystals of Bel) by 
strongly heating ammonium-beryllium oarbonato 
(A. Ch. [3] 14, 15). H. Hose described crystals 
of BeO obtained by heating tho ordinary oxido 
in a porcelain oven (Ph. C. 1848. 483); S.G. of 
these crystals =*3 - 02. 

Pentiums and Combinations.—1. With most 
acids to form salts, c.g. BoSO„ Be.2N T 0„ Ac.; tho 
oxido becomes less easily soluble in acids by 
heating. - 2. Decomposes molten potassturn car¬ 
bonate with evolution of CO,; on addition of 
water BeO remains dissolved in the KOHAq.— 

8 . Does not corabino directly with water, but 
various hydrates, of which BeO.II.O is tho most ' 
important, aro obtained by the action of . 
NHjAq on solutions of Bo salts (v. Bkhyllium, ! 
HYDUOXIliKS OK). 1 

Beryllium, Oxychloride of. 

Be.OCl 2 = BeCl r Be(). Said to be formed by 
evaporating an aqueous solution of BeCl... 

Beryllium, Phosphide of. Described by | 
Wohler as a greyish powder obtained by heating I 
Bo in vapour of P; existence very doubtful as 
Wohler’s Bo was very impuro. 

Beryllium, Salta of. Salts obtained by re¬ 
placing II of acids by Bo: they aro generally 
obtained by the action of aqueous acids on 
BeO.H/). Most of the commoner salts—sul¬ 
phate, nitralo, oxalate, chloride—aro solublo in 
water and have a sweetish taste; tho carbonato 
and phosphate aro insoluble in water. When 
heated, the salts of Bo aro completely uecom- 
posed, except the acid bo non-volatile. The ; 
chief salts of Be are the following (they are : 
described under tho headings C.utno.vvrrcs, Ni¬ 
trates, Ac.) carbonates , chromates, molybdates, 
nitrates, perchlorate, periodates, phosphates, 
selenatc, selenitcs, silicates , sulphates. Tho 
following salts probably exist, but tow if any 
definite facts concerning them aro known : — 
broinatc., chlorate, hyptphosphite, iodate, phos¬ 
phite, tungstate, vatuuiates. 

Beryllium, Seleaide of. Existence very 
doubtful. 

Beryllium, Silicide of. Be readily combines 
with Si; when Be is prepared in porcelain vessels 
a portion of tho Si0 2 is reduced and as much us 
20 p.c. Si may combing with the Be to form a 
hard, brittle mass. It is doubtful whether apy 
definite compound of Bo Si has been 
obtained. t 

Beryllium, Sulphide of. Described by 
Wdhler (P. 13, 577) as a greyish fused mass, 
which evolves H 2 3 by action of acids ; obtained 
by heating Be in S vapour. But existence is 
extremely doubtful; according to Fremy (.4. Ch. 

[3] 38, 323) no sulphide of Be is produced by 
beating BeO in S, or CS 2 , vapour. According 
to Nilaon a. Pettersson { B. 11, 384), Be and 8 
lo not combine when heated together. 

M. M. P. M. 


BXBYUnm, 0X04X10 MBlYXIflEli «* 
Beryllium ethide BeL'tj. (185°-188°). Prom 
HgEtj and Be at 130°. Takes Are is air 
(Cahours, J. 1873, 520). 

Beryllinm propide BePr,. Does ml tike 
fire in air. 

BETA—Compounds beginning with beta- or 
bet- are desoribed as 8 compounds under the 
word to which this prefix has been added. 


BETAINE C.UnNO, i.c. Me, 


..Cl I 


’>CO. 


InUrrn.il Linhijdri.it’ of Jhr. nifth'jL).hij.lroxi.i 4 
of di-vu’thyl-ami.lo-u.’otn’ acid. S. ill ut ‘lb'\ Jn 
tlio hydrated condition C,H„NO a a. pit may lie re. 
presented by the formula Mi«,N(01l).CIl J .C0 i II. 

Occurrence. -1. In tho juice of beet root 
(Beta vulgaris), and in beet-root molasses 
(Heheiblor, 0, 505; if. 3, 155; Licbroich, X. 
0,500; if. 3,101). Tho unripe root contains 
•tb p.o. ; tho ripe root only '1 p.o. Tho betaine 
is not present in tho root as such, but is liberated 
by treatment with ItCl or baryta. 2. In man¬ 
gold wurzel (Keh,abler, X. (2) 5, 5:1!)). 3. Jn 
cotton seed (Hitthausen, J. ;>r. (3) 30, 32).-4. 
In tho leaves and branches of Li/ciu/u harharum 
(Marini a. Husemann, .1. Suppl. 2, 3H3 ; 3,215; 
-4r. Ph. [3J 0, 210).-6. In putrefying flesh 
(Gautier, iff. [2J IK, 13). 

Pornuition.—l. From tri-melhyl-amino and 
chloro acetic acid (Licbroich, 71. 2, 13). -3. By 
oxidation of neurino Me,N'(()II| CH,.011,011. 
3. Glyooeoll (1 mol.) is dissolved in KOIJAq and 
mixed with Mel (3 mols.) and MeOU; tho 
liquid being kept alkaline (Griess, II. 8, MOO). 
■1. Silver glveoeoll and Mel gives the iodide* 
Me.,SI.CH .COdl. 

Preparation. —1. Diluted molasses aro boiled 
for twelve hours with baryta; excess of baryta 
is removed from tho liltrate by CO,; tho liquid 
is evil], -:Uod to a treacle and exhausted with 
alcohol ; tho alcoholic solution is treated with 
alcoholic ZuOl.; tho pp. is recrystallised from 
water, and decomposed by baryta; tho barium 
is exactly removed from the filtrate by lljSO,, 
and betaine hydrochloride crystallises on eva¬ 
poration (Licbroich, 11. 3, 101 ; cf. Heheiblor, 
if. 2, 232; Friihling n. .Schulz, if. 10, 1070). 

Properties .—Large crystals (containing uq) 
(from alcohol). 1’pd. as plates by addin;; ether 
to an alcoholic solution. Deliquescent. Over 
1I.SO, Hie crystals becomo C.lf.iNO,. Sweet 
taste; neutral to litmus; inactive. Decom¬ 
posed by heat, giving of! odours of NMe, and of 
burnt sugar. Not affected by CrO, or HI. 
Fusion with potash givia eg N*Mo,. iodine in 
KI pps, brown m*:dlos of a poriodiuo. 

Salts. -U'riClorMe 1 NCl.CII,.C(),II; mono- 
clinic tables, v, sol. water. IS'HAuCI.: plate* 
thin needles. *- B'GLI’UJI, 2aq (It.).—— 


HUl.PtCI,4aq (L.).-(Il'HC;iIl,;Cl,.' B'ZnCL 
—B'KI2aq [139’) (Korner a. Menozzi, O. 18, 
351).—B'KI '22fi' J ). B' t U.I,(BiI,), ; (Kraut, A. 
210,318). - B',H_.KO,. 

Methyl ether. -Iodide INMe,.OH,.CO,M*. 
From silver glyooeoll and Mel (Kraut, A. 182, 
180). 

BETH A-BARRA COLOUR C^H^O,. (185°:. 
A dye extracted from a West African wood 
(Sadler a. Howland, Am. 8, 32). When dried at 
100° it contains 3aq in the molecule. 





wmams o , h „ o , u (wu jon), 

[1«3®]. (0.279°). &-0rci*. lH-my- 
f-xylene. Di-methyl-resorcin. 

Formation —1. By boiling' (S)-pioroerytbnn 
with baryta (Stenhouse, A. 08, 101; Lamparter, 
A. 134,218; Menschutkin.fli. 2,-128).—2. From 
artiklo-xylcnol, C,H,Me,(Nnj(OH) [1:4:3:.'!] by 
the diazo- reaction (Kostanecki, B. l‘J,.a:t21). 

Prrjnratim.—The lichen Usnm barhuta’in 
thoroughly extracted with cold water (10 pts.) 
and CaO (1 pt.), tlie extract i.x mixed with HCl. 
A pp. of uHnic and harhatic acids is formed. 
Tina mixture (1 pt.)“in boiled with water (10 pts.) 
and CaO (1 pt.) for four hours. An insoluble 
basic calcic inmate is formed while the barbatio 
acid splits up into CO, and betorcin. Air must 
be excluded, for betorcin oxidises very readily. 
The filtrate ia at once neutralised with HCl, 
acidified strongly with acetic acid, evaporated 
(to 5 pt.s.) filtered from aome tarry matter, and 
■evaporated further to crystallisation, ltecrystal- 
llscil first from benzene, then from water. 
Yield T ' lS por cont. (Htenhoueo a. Groves, C. J. 
87, 8011). 

Properties. Hess soluble in water than orcin. 
•Oives a more crimson colour with hypochlorites 
than orcin does. I'VCl,, gives a green colour. 
Ammoniaeal solutions turn red in air. lioilod 
with NnOfl and chloroform it forms a red, 
non-flunrescont solution. 

BETULIC ACID C JI H„0.. (195°]. From 
botulin and CrO, in HOAo (Hausmann, A. 
182, 878). While powder, v. si. sol. water, v 
»ol. aloohol.—l > h J (C,„lI i |0,),, 

BETULIN C,,H„„0 1 . [251°]; [25S’ cor.] 

(Hausmann, A. 182, 808). 8. (alcohol) -7 at 18° ; 
4-2 at 78". Occurs in the bark of the birch 
(Lowit/,, Crdl. Vhcm. Ann. 1788, i. 302 ; Hiino- 
fold,,/. pr. 7, 63; Hess, J. V r. 10, 101; Stiilielin 
a. Hofstcttur, A . 61, 72; l’aterno a. Hnica G 
7,608). •# 

Preparation. - The bark is extracted with 
68 p.o. alcohol, the alcohol evaporated and the 
residue after washing with water and with soda- 
solution is crystallised from lieir/.ciio or naphtha, 
the crystals are finally decolourised with animal' 
charcoal and rccrystnlliscd from alcohol (Frau, 
chimont, />, 12, 7). 

Needles ; may be sublimed. Insol. water, v. i 
»1. sol. OR,, si. sol. alcohol and ether. At 180° - 
it gives an Anhydride C„ll O,. On dislilla- 
lion alone with powdered vine, P O* or p y; , 
hydrocarbons are produced of doubtful con’ 
stitution. [ 

Acetyl derivative G„II„0(0Ac), [ 2 If, 3 !. I 
BETULIN. AMAVc ACIIJ C,..H 1 ,0„. From 
bctiihn ami filming UNO, (Hausmann, A. 
182, 874). Crystals, v. si. sol. wafer, v. e so! 
.alcohol and other. At 110° it gives the anliyi 
dride C^H.,0,, [lsl°]. 

_ *»!*».. K .C,.H„0„. - CnlUC.jr.O,,. — 

«a 1 C tl H..0 1 ..-I>b J C„H„0„. Cu .C„,H„ 0 „. 

Ethyl ether lit,C„H,(U7°J. 

BETULOKLTIC ACID C„H„O v [91°]. A 
whim resin found on young birch-shoots and i 
leaves (hosmium, J. PI,. (3) 28, 197). Insol. j 
IS*”* Vl *"'• alcohol and ether. Oxidised bv 

HNO, to picric acid. - AgG,,!^ 0 , : floociilcntpp. I 

BEZ0AR. - A concretion found in the stomach 
«t mtestmes of a variety of goat, Capra ,egrcnjm, 


“ mtllt, Antibpt Sorted, ThayaoBtoJil 
ellagio andjithopelllc acjds. ■ 

BICHROMATES, same as BicaaoiUTks, a .«. 

under Cmiosjicxi, icids or. * 

BICUHYBA FAT.—The fat of My viatica 
bicuhyba consists chiefly of the glycerides of 
myristio and oleic acids ; it also contains small 
quantities of resins and free fatty acid (myristio 
acid), and a very small amount of an ethereal 
oil (Noerdlingor, B. 18, 2617). 

BIEBRICH SCAKLET v. p. 368. 

BILE.—A liquid secreted by the liver. It is 

viscid, of green or brown colour, and 1ms a bitter 
taste. S.G. about 1-02. Faintly alkaline. Pos¬ 
sesses an emulsifying power like soap. Its 
composition varies. Ox-bilo contains sodium 
glyeocliolate and tailmcholato, cholestorin, urea, 
fats, salts of acetic and propionic acids, glyceryl 
tri acetate, glyceryl tri-propionate, pigments, 
mucus, KC1, phosphates of Na, Ca, and Mg, 
and traces of iron, manganese, and silica. 
Human bilo is of a similar composition. 

; kntseliinolf (If. 18, J1039) has shown that 
saponified ox.gall contains, in addition to oholic 
i acit l (which is derived from the glyco- and 
tauro- cholic acids), a new acid to which ho gives 
the name choleic add. The latter acid, accord¬ 
ing to this investigator, occurs in two forms — 
anhydrous C.,H„0„nnd hydrated C„H.,0,1> aq. 
Mylitis [II. If), 389 ) has found that choiio acid 
by putrefactive fermentation is reduced to a 
I body (tho • desoxycholic acul ’ of M.) which L. 
considers as identical with his so-called ‘ hydra- 
ted choleic acid.' As however L. [B. 20, 1013) 
was unable to convert his 4 anhydrous choleic 
acid 1 into tho 1 hydrated choleic acid ’ by any 
other method than by boiling with acetio acid 
and M. (II. 20, 1968) was unable to effect the 
conversion oven in this way, there appears to 
he little doubt that these so-called ‘ anhydrous ’ 
j and^hydrated choleic acids’ are quite distinct 
acids (the conversion by AeOH is probably er¬ 
roneous). tlie latter being identical with the 
; ‘desoxycholic acid' of II. Honco tho ■ anhy¬ 
drous ' acid will ho described as choleic acid, the 
‘hydrated’ as deoxycholic acid. Moth these 
ncids according to L. give dehydrochnleic acid 
; on gentle oxidation, and cholunic acid on more 
: vigorous oxidation. 

To cholic acid L. assigns tho formula<X.H,.0., 
but M. (B. 19, 369, 2001); 20, 1968) has showJi 
by a long soriea of careful analyses that, almost 
Ajoyond a doubt, it is represented by the formula 
C ii IJ 4oO s originally proposed for it bv Strecker. 
On oxidation it first gives dehydmcholic acid 
and then bilianic acid C s ,II (l O, (but 
no cholanio acid, which when obtained from 
cholic acid by earlier jnvestigators, was due to 

presence of choleic acid). 

Pig’s bile c^tttains sodium hyoglycocholate 
and h^vtaurochomto instead of glyeocliolate and 
taurocholate; it also contains glycero-phosphorio 
acid and nourine derived from the decomposi¬ 
tion of lecithin. In other respects it resembles 
ox-bi!e. Tne various constituents of bile are 
separately described. 

Vdtcnkofcr's test. Bile, or an aqueous solu¬ 
tion of a salt of bile, is mixed with two-thirds 
of its volume of KLSO, and a drop of a 10 p,o. 
solution of sugar is added. On warming to 75° 
a crimson colour is produced. The reaction is 
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■frcttby gtyeoefcolk), fcrorooholio, hyoglycocholic, 
hyotaurooholic, and by cholic acid (Pettenkofer, 
A. 62, 92; of. Neukomm, A. 116, 30; Strass- 
burg, Pflilger's Arch 4,461). The teat may be 
modifiod by using phosphoric acid. The sub- 
■t&noe to be tested, together with very little 
. cane sugar, is dissolved in 3 drops of a mixture 
of syrupy phosphoric acid (5 vols.) and water 
(1 vol.) and the tube is then dipped into boiling 
water. A crimson colour soon appears (Kolbe, 
J. pr. [2] 27, 424). A red colour is produced by 
many other substances than those mentioned, 
hence it is necessary to confirm it by observing 
the absorption spectrum which contains three 
bands: one extending from midway between o 
and d to d, the second midway between n and e, 
and the third between b and v (Heynsius a. 
Campbell, PJlilger's Arch., 4, 497 ; cf. Schenk, 
Fr. 12, 119). 

BILE COLOURING MATTERS v. Pigments, 

ANIMAL. 

BILIANIC ACID 

0,,H w O, probably C. fl I^ J (CO) 2 (CO,n) 1 . 

Formed by further oxidation of dehydrocholio 
acid C, 0 II„(CO)(CHO),C0 2 H. 

Prcjxiration. —Cholic acid (20 pts.) in fine 
powder is added to a mixture of K_.Cr..0 7 
(40 pts.) and If.S0 4 (GO pts.) in water (100 pts.), 
finally warming on the water-bath till the re¬ 
action is complete. It is isolated by conversion j 
into the acid potassium salt, which is sparingly j 
solublo in alcohol, and then into the di-ethyl- • 
ether (Mylius, B. 20, 1981; cf. Clcve, Bl. [2] 35, ! 
373; LatschinolT, B. 19,480; Bl. [2] 46, 818). j 

Properties.- -Flat needles (containing *aq.). : 
Tri-basic ketonic acid. 

Salts.—-A" 2 Ba a 6ftq or 8aq: tables or prisms. 
—A"'IIBa2aq: hexagonal tables, si. sol. water 
and alcohol.—Ag 3 A"'. 

Di-ethyl ether A"TIEt,: [193°]; long 
flat needles; sol. alcohol, less sol. ctlyr. — 
A"'..Et 4 Ba.-A"' 2 Et 4 Pb. 

Tri-ethyl ether A''Et,: [127°]; satiny 
tablets, or thick pillars. 

Di-oxim C.plIj^CiNOIIJ^COJI),. Formed 
by warming a slightly alkaline solution of bili- 
anic acid with hydroxylamine. Glistening tables. 
Sol. dilute alcohol, nearly insol. water and abso¬ 
lute alcohol. Dissolves in alkalis, forming acid 
or neutral salts. 

Di-phcnylhydr azide 
C, 0 H„(C:N a Hi , h). ; (COdI). 1 : colourless needles. 
Nearly insol. acetic acid and hot alcohol, iii-<d. 
water. Dissolves in alkalis. 

iso- Bilianio Acid CJ!,„(), (?). [23i°-237°]. 
Flat needles. Formed in small quantity, to- ( 
gether with bilianic acid, by oxidation of cholic 
acid with K a Cr 2 0 7 and H*S0 4 . 

Salts.—A"TLK: silky rhombic plates, |l. 
sol. water and alcohol. -A’"A«: amorphous pp. 

— A'",,BaGaq; amorphous, si. sol. watsr, insol. 
alcohol. • 

Methyl ether A'"Mo i : [98°]; needles 
(Latschinoff, B. 19, 1530). 

BILIC ACID C 1? H,A- [about WO 0 ]. Pre ‘ 
pared by careful oxidation of cholio acid with 
chromio acid mixture (Egger, B. 12, 1 '68). 
White needles. Sol. hot water and alcohol, si. 
sol. ether. Dibasic acid. It gives Pettenkofer’* 
reaction with sugar and H. a SO r By oxidation it 
it converted into cholesteric acid (C l2 H, 4 0,). 


BUTABT THEORY OF AALTO. The name 
•alt was given in ancient times to th« solid 
residue obtained by boiling sea-water; it wai 
then extended to include all solid subslanoes 
,easily soluble in water and obtainable by evapo* 
rating watery liquids. At a later time the 
possession of a taste more or less resembling 
that of sea-salt was regarded as a characteristic 
! property of all salts. When the composition of 
; the bodies called salts began to be studied, a three- 
i fold division was made, into acid salts, alkaline 
| salts, and neutral salts (p. Acin, Alkali, Salt). 
Lavoisier’s discovery of the nature of oxygon led 
to the definition of acids as highly oxygenated 
compounds; and Davy’s decomposition of soda, 
potash, lime, and baryta, showed that theso 
alkaline salts were also compounds of oxygen. 
But as neutral salts were formed by the mutual 
j aetion of an acid and an alkali, it followed that 
they too were oxygenated compounds. A 
neutral salt, or we may say simply a salt, for 
the qualifying word neutral had been dropped 
by this time, was then regarded as constituted 
of two parts, an acid or electro-negative part, 
and a basic or electro-positivo part. From this 
i time dualistic views prevailed ; every compound, 

| said Berzelius, must bo constituted of two parts, 
winch may themselves bo simple or complex, 
and of these parts one is positively and the 
other negatively electrified. Such a salt as 
sulphate of soda, for instance, was regarded as 
constructed of positivo soda and negative huI- 
phuric acid, rather than as formed by the mutual 
interaction of the elements sodium, oxygen, and 
sulphur. When, chiefly as a result of the 
work of Davy and Dulong, acids had conic to 
be regarded as composed of the positive element 
hydrogen united with a negativo clement or 
; group of elements, and salts were said to be 
; formed by putting metals in the place of the , 
: hy<lrogy*r>( acids, the conception of a salt as ft 
; binary structure still remained. One part of 
j every salt was a positivo element, a metal; tho 
! other part was a negative radicle, either a non- 
j metal or a group of non-metallic elements, 
f In some such way as this arose tho binary 
! theory of salts, a theory which is based on tho 
j notion of every salt being a definite structure, 
j and which conceives it possible to placo all salts 
i in one class, regard being had for elassificatory 
purposes rather to the composition than to the 
properties of •salt (v. Classification and 
Salts). 9 M. M. P. M. 

BIRCH BARK. Contains bctulin ( 7 . v.) and a 
kind of tannin which is turned green by FejCl, 
(Stiilielin a. Hofstetter, Jk 5i, 79). 

BISMUTH. UP. At. w. 208. Mol. w. probably 
206 (r. itiltz a. Mover, 7. V. ('. 4,249). {268°*8J 
(Budberg, J\ 71, 462 ; Biemsd.yk, C. N. 20, 82). 
(1090*-1 ■Jar) (Carnetfeyu. Williams, C. J. 85, 

:y>r,). s.o. '■ 9 -m (Sdir.«iw,.». ioo, 22#). s.o. 

liquid 10055 (lloberts a. Wrighlaon, A. Ch. [S] 
30, 274). 8.O. ia lowered by great preaanro. 

S.H. (20''-48°) -0305 (Kopp, T. 105, 71) ( 
(9°-102' J ) 02979 (B5de, Mim. B. 1855-50. 28) j 
(liquid 280''-380''j 0303 (l'eraon, A. Ch. [3] 
21, 126). C.F.. (12 -41°) 001333 (Kopp, A. 

81, 1) ; (O’-lOO'') -001316 (Malthieaaen, /Or. 
15, 220 ; v. also Kizeau, i>. 185, 372 ; 138, 207), 
lit. of fusion at 260°-8 -12,640 (Beraon, A. Ch. 
;3] 24,129). T. C. (Ag -100) 18 (Wiedemana 
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l. Ml, P. 89,497). E. 0. fttO 0 (Hg »i 0° -1) 
•8070 (Lorenz, W, 13, 423, 582). Cryst form, 
hexagonal. 1:1*3035; iaomorphous with 
Te, As, 8b. B.V.8. abt. 213. 1I.C. [BP, 0*] 
abt. 05,600 (Woods, P. M. [4] 4, 370). 
Emission-spectrum characterised by very many 
lines; in aro-^poctrum the predominant lines 
aro 4722* J, 4110, 3595*3, 8510*4, 3300*2, 2503, 
2624, 21008, 2277 (Livein# a. Dewar, T. 174, 
187, also, regarding spectrum of Hi, Hartley 
a. Adoney, T. I Ml. 03). 

Occurrence.. Uflcombincd with other ele¬ 
ments, in Saxony arid other parts of Germany, 
in Norway, Spain, California, and in Cornwall 
and Cumberland, Ac. Also as Bi.O, (Bismuth 
ochre), llijjSj (JJismuth glance), Bi/L'e,, Bi.,Ou_,S 4l 
Bi a I’b z S t , Ac., Ac. Bismuth has been "known 
for many centuries; Ba.iil Valentine (15th cen¬ 
tury) seems to have been the first to recognise 
it as a definite metallic body Bergmann gave 
the earliest fairly accurate account of its 
reactions. 

Formation.- Nativo bismuth is melted in 
iron lubes, and the metal is run off from 
ganguo Ac. into pots. By lemolting with T j of 
its weight of KNO.„ at as low a temperature 
as possible, until the nitre forms a solid slag on 
the surface, approximately pure Bi is obtained. 

Preparation. Approximately pure metal is 
dissolved in the minimum quantity of llN0 3 Aq, 
much water is added, the pp. of basic nitrate is 
washed, boiled twice with pure KOIIAq, or 
NaOIIAq (Herapath,/). P. J. 169, 41)), dissolved 
in as little UNO.Aq as possible, and water is 
again added. The pp. is washed, dried, mixed 
with black Jinx (obtained by healing cream of 
tartar in a dosed vessel) and healed at about 
S70°.-280° in a closed crucible. The reduced 
metal is washed in dilute HCIAq, and in water, 
and dried. Traces of As, Sb, or Be, which yet 
remain in the metal are removed hy^rtially 
oxidising and molting under the small quantity 
of BLO, formed: this may bo effected ( 1 ) by 
adding a little pure UNO,, melting in an open 
porcelain crucible, keeping molten for some 
time, allowing to cool until a small quantity of 
the metal solidifies, and pouring off the still 
molten metal from the more solid oxides on 
the surface; (2) by melting under Na. ; CO ;l con¬ 
taining 2 5 p.c. KClO, and proceeding as in (l) : 
JTurach, J. pr. [2] 14. 302); (3) by strongly ! 
•heating with 1 part cream of tartar, then running ; 
the molten metal (which, contains into a 
orucible containing charcoal, heating for a little, 
running into an open porcelain vessel, strongly 
heating in air for stuiia time, and finally pour¬ 
ing off the molten metal from the slag on the 
surface (Mohu. D. J. 211, 187 ). Lowe 
(Fr, 22. 498) recommends ppn. of Bi3XO, in 
ilNOaAq hy KOIl. solution of pp. in excess of 
KOli in presento of glycerine, addition of 
grape sugar, filtration from Ag and Cu, and 
boiling; pure Bi is ppd. Bi is obtained in 
weihfonned crystals by melting the commercial 
metal with a little KNO, in a crucible until a 
small quantity taken out appears yellow on the 
surface (indicative that foreign metals are 
oxidised), removing the scum of oxides from the 
surface, covering tho molten mass with pieces 
of charcoal (to prevent oxidation!, allowing to 
•oool until ;v (inn crust has formed, piercing two 


holes ia th» omt, Roaring a# the Mill 
molten metal; theomoible is found to he fined 
with crystals of Bi. 

Properties.— Very lustrous; white with • 
slightly reddish tinge; very easily crystallises; 
•brittle; diamagnetic, but not so when molten 
(Faraday, P. Suppl. 3, 1; Weber, P. 73, 241 : 
87, 145; lieich, P. 37, 283; Piueker, P. 72, 339 ; 
7C, 676; 81,133). For thermo-electric behaviour 
v. Svanberg, G. R. 31, 250; Franz, P. 83, 374; 
Matteucci, G. R. 40, 541. Bi expands as it 
solidifies (for method of demonstrating this v. 
Botfger, D. P. J. 212, 441). May be distilled at 
a high temperature (over 1100 } ) in an atmo- 
sphero of H. The atom of Bi is trivalent in tho 
gaseous molecule Bid,. Bi forms numerous 
alloys most of which melt at low temperatures, 
and expand on solidification (u. Bismuth, alloys 
ok). Tho atomic weight of Bi has been deter¬ 
mined (1) by finding V.D. of, and determining 
Cl in, BiCl, (Dumas, A. Ch. [3] 55,129 a. 176); 

(2) by oxidising Bi to Bi^0 3 by means of UNO* 

(Schneider, P. 82, 303; [2] 30, 237; Lftwe, 

Fr. 22, 498; Marignac, A. Ch. (6J 1, 289); 

(3) by converting BLO., into sulphate (Marignac, 
l. c.). The exact value to bo givon to tho at. w. 
of Bi is still doubtful; it is certainly not greater 
than 208. Bi is metallic in its chemical func¬ 
tions; it shows a marked tendency to form 
basic rather than normal salts; many of these 
basic salts may be represented as containing 
the group BiO c.g. BiO.Nt),, (BiO)BO„ Ac.; 
several oxychlorides and oxybromides aro known; 
no hydride of Bi has yet been obtained ; the 
oxides of Bi aro salt-forming in their reactions 
with acids, nono of them is an anhydride, but 
moist BijjO., dissolves in very cone, boiling 
KOIIAq probably with formation of compounds 
in which Biacts as part of the negative radielo 
(u. BlHMUTUfO OXIDB Ullder BlSMUTH, OX1OKS Of). 
Bi flhgwa distinct analogies to As ami Sb, also 
to tno other members of Group V., in its chemical 
relations; for fuller discussion v. Bismuth, 
GUKMfCAL relations ok. Bi salts are used in 
medicine: the alloys are used in printing, 
soldering, Ac. 

Reactions.—1. Very superficially oxidised in 
ordinary air: heated in air or oxygen burns to 
Bij.0,. - 2. Decomposes steam at a rod heat.— 
3. Combines directly with several elements , 
especially O, Cl, Br, I, S, Se, and To: [Bi,Cl*j 
--90,630 {Th. 2, 410); [Bi’.O 1 ]«abt. 95,000 
(Woods, P. M. (4J 4, 370). -3. Scarcely acted on 
by hydrochloric acid dilute or cone. -4. With 
hot cone, sulphuric acid a basic sulphate is 
formed.—6. Quickly dissolved by nitric acid 
with formation of Bi.3NO v —6. Oxidised, but 
’slowly and partially, by # fusion with potassium 
nitrate or chlorate. 

j ivNftmafioa.-^Generally as Bi. 4 0 3 , after ppn. 
from a %>lution free from HC 1 and chlorides by 
excess of ammonium carbonate, and warming for 
some time ; tho pp.is washed, dried, and heated 
i whereby BLO, is produced. Also by adding 
much water to a solution in as little HC1 as 
possible, warming, collecting liiOOl, and drying 
at 100'’-110° (traces of Bi remain unppd.); 
tho BiOCl may be reduced by heating with 
U(’N, and the Bi weighed. Ppn. as Bi a S, and 
weighing is not to bo recommended, as Bi,a. 
. is casuy oxidised in moist air. Volumetric 
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methods of-Mtimating Bi, none of which how¬ 
ever is altogether satisfactory, have been based 
on (1) ppn. of 31(10,), from aoetio acid solu¬ 
tions oy a measured mass (excess) of HIO,Aq, 
and determination of residual HIO, (Buisson a. 
Ferray, M. S. [3] 3, 900); (2) ppn. of Bi chro¬ 
mate from nearly neutral solutions hy K..Cr0 4 Aq 
or K,Cr 3 0,Aq ; (3) pptn. of Bi phosphate hy 
standardised Na.jlP0 4 Aq; (4) ppn. of Bi 

oxalate, conversion into basic oxalate by boiling 
water, arid titration with K : Mn.O,Aq ; (5) ppn. 
of double oxalate of Bi and lv by standardised 
K,C,0 4 Aq and determination of residual K.C..0 4 
bv K I Mn..O„Aq (Pattison Muir, C. J. 29, 483; 
32, 674; 33, 70; (with ltobbs) C. J. 41, 1). 

Chemical Relations of Bismuth .—Bi is the 
highest known member of Group V.; this group 
contains the following elements 
Ertnuritt 2 4 6 8 10 12 

N = l4 V*81 Nb=0l ])i = U2 Ta=rl82 — 

Odd teriet 3 5 7 9 11 13 

P=31 As=7« Sb s*120 Kr-lGd M = 20S — 

Taken as a whole these elements are negative 
and thcircompounds with fl and < > react as acids. 
As the group is ascended the negative charac¬ 
ters become less marked until Bi is reached; 
omitting N, the oxides MX), of the even series 
members, so far as known, aro salt forming in 
their reactions with acids; but in the odd series 
members these oxides, on the whole, are salt - 
forming only in their reactions with bases, until 
Series 9 is reached, when the character of the 
oxides MX), becomes decidedly basic. The 
oxides M X)-, on the whole, are acid-forming, but 
the acidic functions of BiX), an 1 very feeble. 
Salts formed from acids by replacement of Hare 
obtained in the ca^es of V, l)i, Kr, and Hi; but 
most of the salts of vanadium, and many of three 
of Bi, seem to contain groups of the form 
acting as the more positive part of the rail; 
several salts of the normal type, c.g. Bi-tN'O,, juju 
however known and several normal Kr and pi 
salts have been prepared. Vanadium is charac- j 
terised by the great number of complex coin- ; 
pounds into which it enters, sometimes as part 
of the positive, sometimes as part of the nega¬ 
tive, group of the ►alt. Considering the composi¬ 
tions of the haloid, and oxvhaloid compounds, we 
find that, so far as investigation has gone, com¬ 
pounds of the form MX , and MOX„ where >’ - 
a halogen clement, exi.-X when M is any member 
of tho group except Bi or As |N is omitted as 
there is much doubt concerning the composition 
of its haloid compounds), and in the ea«e of As 
compounds of AsF, with K K, Ac., seem to exi.-t; 
the compounds BiBr.(t’„IJ l, and BiCU<-„H i, 
are known as solids (Miehaelis, Ji. 2ti. 62j. 
The haloid compounds BiX^are less easily oxi¬ 
dised than the corresponding compound.* of 1’, 
As, or 8b. Tho basic chai:i>’ter o^lhe oxides of 
bismuth, the existence of many salts in wjjieh 
Bi acts as the metallic element, the statylity of 
the haloid compounds BiX, and the non exis¬ 
tence of BiX s , the non-existence of any com¬ 
pound in which Bi.S, acts as the negative 
radicle; these, among other properties, de w 
that Bi must be classed ns the doBnc*' 
metallic clement of Group V. But the f»eb!y 
acidic functions of Bi X>, towards strong a.kalis, 
the readiness with which so-called basic salts of 
bismuth ore formed, the fact that JJiX> ( and 


B1 2 0, form no corresponding salts, the existence 
Of several complex oxyhaloia compounds; these, 
among other properties, show that tho general 
liou-metallio character of Group V. to some 
oxteiU belongs to Bi. 

* Bismuth, Alloys of. Bismuth alloys with 
| many metals when melted with them; these 
j alloys are characterised by low melting points, 
and,•many of them, by the expansion which 
they undergo as they cool after being united. 
The most technically important alloys are: — 
Key ton's metal ; 8 parts Bi, 3* Kb, nod 3 Zn, 
M.l\ ~ 91°'5 : Rose's met at ; if Bi. 3 l‘b, 2 Sn, 
M.l\-91°*6: Wothl's metal; 15 Bi, 8 I‘b, 1 Sn, 
3 Od, M.l\ 03-: Fusible metal ; *2 parts Bi, 
1 Pb, 1 Sn, M.P. 93 0, 7; this alloy expands 
from 32 ‘ to 95 \ contracts gradually to 131° 
when its volume is less than at 32°, then 
expands to 17 i J , after which its expansion is 
I uniform. 

! Amalgams of Bi aro easily formed at or- 
| dinary temperatures. Alloys with rv>y »er are 
• formed below the melting point of Gil; an alloy 
1 of 2 parts Bi with 1 part Cu begins to expand 
1 after solidification (Marx, S. 63, 17<l). An alloy 
of 3 parts Bi with 1 part iran is magnetic. 
Alloys of Bi and palladium are. hard as ;deel; 
with ’ part spongy platinum Bi forms an easily 
fiidbln alloy which separates into Pt and J*i 
when fused at a low roil heat. Hi docs not alloy 
with cine; on mixing melted Zn and Bi two 
layers are formed, one containing a little Bi and 
nmeh Zn, the other much Bi and little Zn. 

Bismuth, Bromides of. Only one bromide, 
BiBr,, lias been obtained with certainty; but 
many facts point to the existence of a lower 
bromide, probably BiBr-. 

TniimoMinK. BiBr,. (Hi n.uthous bromide.) 
Mol. w. unknown, but probably as represented 
by formula. [210 5 -215 'J (Patiison Muir, 

29, Mil. fJjftween 454° u. 498’) (Curnelley a. 
Williams, C. J. 33, 283). 

Formation .— i. By heating powdered Bi in 
CO. charged with J r vapour. - 2. By adding 
powdered Bi to a solution of Br in dry ether, 
and evaporating in vacuo. 

I'rtparatitm, -1 \ parts Br are allowed to 
flow, in small .successive qu anti ties, into 1 
part powdered Hi in a small ictort with the 
beak tillrd upwards; when tlm mass is cool, 
the retort is very gentl)j wanned for none days, 
and from tinw to time a fewdr' p-' "I Br are poured 
tiifi.) the. jetort; the bromide bums in yellow 
cry fa’s a little distance above the healed 
*na t . 

Fr-'t • rties and Reactions. Gobic’i yellow 
crystals; R.G. 64; very deliquescent; soluble 
in dry ether; decompose! bv/r/f.rto BiOBr 
find jilJrAq; jartially retyw.d t . Bi by beating 
in hi,:io<ji n ; healed with Bio bum* BiOBr; 
by : tioti of uiff’Xn o.ndr-i obt.i .ied by heating 
starch with JlNO ( A?j the oxybromide Bi h O n l»r, 
is produc'd; urn-hanged when Inal- I in Ci). x or 
S(B; reacts with amiwiniti, when Je.ited in that 
g.i-i, to form (1) JmBj ( 3NH, which i:; a straw* 
yeibiw pow.b r, soluble in JJf'IAq and yielding 
BiBr-.S/iJl.CMLo by evaj oration over 

(2) probably BiBr/JNil , an olive-gncri solid; 

(3) an a- li-grey, erv' talliue, infusible, solid, pro¬ 
bably lliN,l!r. Tilt com no md 2BiBr,.5Xll, if 




obtained(Alongvita BI), »• »„ _.... 

4m, by beating Bi,0|,Br, to dull rodneaa in dry 
NH, (Pattison Muir, 0. /. 29, 144; 16, 27). 
A solution of BiBr, in saturated KClAq deposits 
crystals of BiCi,Br 4 K r UH,0 (Atkinson, C. J. 
43, 292). Does not combine with Cl. * 

Diiiuovidk.--P robably BiBr, or Bi 2 Br 4 . In 
preparing BiBr, dark grey crystals are formed j 
if there is a deficit of Br; these contain Br 
nearly agreeing with the formula BiBr.,; on 
heating they give Bi and BiBr,. Weber (P. 
107, 509) obtained a brown mass - probably a 
lowor bromide than BiBr,—by heating BiBr, 
with Bi; Macivor (C. N. 30, 190) obtained a 
dark grey solid, melting at 198°-20Q°, by heating 
Bi and Br. 

Bismuth, Chlorides of. Two chlorides aro 
known, BiCl, and Bi,Cl 4 : all attempts to form 
a chloride with more Cl than BiCl, have failed. 
Both may he obtained by the direct combination 
of Bi and Cl; Bl.01, is separated into BiCl,, Bi, 
and Cl, by heating; BiCl, is reduced to Bi,Cl 4 
by heating with Bi, or with Hg,Cl,. 

Tku:ih.ouiiik. -BiCl, (If ismut turns chloride). 
Mol. w. 314. [227°) (Pattison Muir, C. J. 2'J, 
144). (427 J -439°) (Carnolley a. Williams, 0. J. 
83, 281). 

Formation. —1. By heating 1 part powdered 
Bi with 2 parts HgCL in a retort.—2. By dis¬ 
solving Bi./), in HClAq, evaporating to dryness, 
heating in air and thon in a retort.—3. By 
heating Bi./), in dry Cl. 

Preparation. —Powdered Bi is heated in a 
current of dry Cl, in a retort with tho beak 
tilted upwards and furnished with an exit tube 
passing into cone. H s S() 4 ; when a light yellow 
liquid has been formed, tho stream of Cl is 
slaokoncd and tho retort is very gently heated 
for flomo time; crystals of BiCl, suhlimo on to 
the upper parts of tho vessel. Tho crystals 
may be distilled into small tubos current 
of dry N; the tubes aro at once sealed* 

Properties and Reactions. —White, very deli¬ 
quescent, crystals, melting in Cl to a pale 
yellow liquid; H.G. J- 10 4*50; soluble in dry 
alcohol. Heated in air between two watch 
glasses part sublimes and an oxychloride - 
Bi.O/1, or Bi,0,01,-remains. The same oxy- 
chlorido is obtained by tno action of nitrogen 
oxides (from starch and HNO,Aq) on BiCl,. 
Healed in hydrogen Hi .01, and Bi are formed, 
at a higher temperature ail £ho Cl is removed. 
Decomposed by water to BiOC't and HClAq; the 
amount of change depends on the relative 
masses of BiCl,, HC1, and H..O, and on the 
time; when tho jointing bodies are mixed in 
the ratio BiCl,: 2(11101: 1'),<J00 11,0 a little 
BiCl, remains unchanged even after 11 days 
action (t*. Pattison Muir, C. J. 35, 311; Ostwald, 
J. pr. [2| 12. 201).,, Heated with sulphur 
BiHCl is formed (r. Bismcth hrr.riiocitLoiuhi.:). 
Not noted on by CrOXl,; scarcely acted on by 
SO,; does not combine with Br (P. M., C. J. 
89, 33). 

Combinations. — With ammonia to form 
(1) 2BiCl,.NH„ a red, fusible, crystalline, 
solid; (2) BiCl,.2NH,, a greenish solid; (3) 
BiClj.SNlI,, a white, volatile solid (lWh^rain, 
C. i?. 64, 724). These ammonio-chlorides by 
treatment with HClAq yield compounds of tho 
form xlliCl,.yNH 4 Cl, where x varies from 1 to 2, 


Uid 1'ta *. WW, fotanuim chloride 
B , lcl »- 2K0l2 iS 1 0; also vita todutm 
chloride forms oorrespondrag salt vita 8H.O- 
a solution of BiCl, in hydrochloric dcid 
when evaporated gives needles of BiC1..2HCi 
(Jacquelain, A. Ch. [2] 62, 303). 

Bichloride.— Probably Bi,Cl t . Mol. w. un- 
known. 

Formation.— 1. By gently heating BiCl, in 
H; but tho product is mixed with Bi and BiCl,. 
2. By heating BiCl, with Bi (Weber, P. 107. 
590).—3. By heating BiCl,.xNII.Cl in H to 300 3 
(Schneider, P. 96,130). 

Preparation.—A. very intimate mixture of 
2 parts HgCl with 1 part extremely finely 
powdered Bi is heated to 230°-250 :> in a closed 
tube for some time; the mixture melts to & 
dark brownish black liquid, and Ilg (with & 
little Bi) collects at the bottom of the tube; tho 
sides of tho tube aro tapped from time to time 
to make tho Ilg settle; after cooling tho Bi,Cl 4 
Bolidilies over the Hg, it is removed as quickly 
as possible to anotho^ tube—which is at once 
closed - and again melted; this process ia 
repeated several times; nearly pure Bi,Cl 44 
containing a very little Hg and Bi, is finally 
obtained (Schneider, P. 90, 130). 

Properties and Reactions. - Black, or nearly 
black, extremely deliquescent, solid; with water 
forms BiOCl; with potash gives Bi./), which is 
quickly oxidised to Bi/VrH/); with dilute- 
mineral acids gives Bi salts and Bi; hoated to 
about 300° gives BiCl, and Bi. 

Bismuth, Cyanides and Ferrocyanides of, 
t>. Cyanides. 

Bismuth, Fluoride of. Only one fluoride of 
Bi has as yet been prepared (Pattison Muir, 
HotTmoister and ltobbs, C. J. 39, 33), BiF,. 
Mol. w. unknown. 

Preparation.— 1. Bi./)., is added in small 
g’uxer.sive quantities to HFAq heated in a Pt 
dish until the oxide ceases to be dissolved; tho 
liquid is decanted and evaporated at 100°; the 
residue, BiF,.3HF, is warmed at about 110°- 
. 120'’ in a closed Pt crucible until dry, and is then 
heated (in the closed crucible) so long as HF is 
evolved. —2. Excess of saturated KFAq is added 
to a solution of Bi(NO,), in tho minimum quan¬ 
tity of di’jute HNOjAq, the pp. is thoroughly 
washed with boiling water, dried at 100°, and 
hoated to dull redness in a closed Pt crucible. 

I Properties.- Grey, heavy, crystalline, solid, 
j, S.G. 5-33. Unacted on by water ; insoluble 
I in alcohol ; scarcely changed or volatilised by 
heating to redness in open Pt dish ; not oxi¬ 
dised by heating in nitrous oxides (from starch 
| and HN(),Aq); dissolved, with decomposition, 

, by hot HC1, 11 NO,, or fi,S0 4 Aq. Combines with 
HF to form BiF,.3HF (y. supra) which is a 
•crystalline, garish-white, deliquescent solid, 
decomposed by boiling water to BiOF (u. Bn- 
, Mi nt ox^fluouiuk). 

Bismuth, Haloid Compounds of. BiF,; 

| BiCl,, Bi,r.l,; BiBr, {? Bi,Br 4 ); Bil,. The V. D. 

; of BiCl, only lias been determined; the other 
formula* are probably molecular. Bi,Cl 4 and 
! Bi t Br 4 are decomposed by heat to Bi and BiX,; 
the others are unchanged when hoated out of 
air; heated in air all except BiF, are more or 
less oxidised, BiCl, to the greatest, and Bil, W 
the least, extent. Bil, is a very stable eo^ 



"pMitf <e, Burnt*, HooMMof ;<gnonD» or • j 
--lor; udiomoaor). 


XlM* 

BUmatJl, Hrdratri otidM, or hydroxide. of, j containing'loaT 0 uion’BLO,*:—Thornton IprvH 
0. Bmioth oxiraa or. ! Olai+m Phil. Soc. 1841-49, 4); Heinli IP. 

BUmuth, Iodide of. Btl,. Mo!, w. miUnmvn; «3, So, 550); Schneidor IP. 88, 49; 97, 480); 
probably as represented by fi>r:mi!:i. Arppo (K «l, 297); VoroI (Kastner's Archil), 


i-M.sii); Berzelius (LcJubudi, 2, 57i (ftlh ed.]) j 
SolliiT (.4. 119, 991); Pattiaou Muir (C. J. 
3~. 1*28;. -2. On oxides containing more O than 
B».0* : --Jaequeluin (1838J (J.pr. 1 !, ]); Heint* 
r 1 Si4} {P. i\:\, 559); Arppo [1.8 451 [1\ CO, 287) ; 
ltdttger [1858] (J. pr. 78, 49-1); Solndd. r [1803J 
1 (.4. 121, 201); Bordcker JIxi»:? (.1. 128, f»l) • 
i Wernicke jl87t)J (/*. 141, 109); 0. Hoffmann, 
[1881] (.1. *229, 110); Paltimm Muir [1870 to 
lrtsilj ((\ ,7. 29. 144; 91, 21; 92, 128; ibid. 


Formation. —1. By healing an intimate 
mixture of 1 part Bi.S, with H parts I, in a 
large, loosely covered tlusk, ami tlie.i heating 
the sublimed Bil,at 100 to remove 1 iSehneid.r. 

P.99, 470). -2. By dropping Bi9NO, in dilute 
HN() s A<j into eone. KfAq, dissolving the brown 
pp. in fairly cunc. ill A.j, and pp^. J>il, bv as 
liUlowat-i'arpi); ;ililt;|U inim.'Un iv:, K 48,108), 
drying pp. at 100’, and removing free l by ono 
or two washings with absolute alcohol. -9. By 

the action of HIAq on Bi .0,. : 99, *21 [with HotTmeistera. Hobbs]; 51, 77 [with 

Prqur.iti.m. -An intimate mixture of 1 part j Carnegie]); Hasebrock [IS87J {1*. 20, 219). -41. 
Biwith 2 parts I is gently heated in alla-dc with j On Bi.O,: — BonsdorfT (/*. 41, 305); Fuchs ($. 
a long nook passing into another llaslc; the i 07,429); Stromeyer (P. 2t», 553); Liebig (Mag. 
sublimate is finely powdered and again heated { Pharnt. 35, 114);* Pattisou Muir (l.c.). 
in the some way as before; this is repeated once I HvivnusMUTiioim owuk. Bi/}., ( Bismuth 

or twice; and finally tin mass is distilled in a snh-.t.t‘uh\ Bismuth dioxide. Blade ox ids of 
fairly rapid current i.f dry CO, (Weber, P. 14, bismuth). 

113 [slightly modified 1. j Prep.iration. -A mixture of 1 part SnCl, 

Proper ti>s n>i,l Rea. t.oas. (Pattisou Muir, . and 2*5 part? Bi/), is dissolved in ns little 
Uollmeister n.Kibln, C.J. 99, 99.) Bark grey, ; fairly cone. HOlAq as possible, the solution is 
motal-like, In nrous, ci vvt;il -(prohaldy hexagonal, ! poured into an excess of KOliAq (about l KOli 
Nickles, ('./C 50, 872); S.O. 5 05. S. (alcohol in JOAq) in a stoppered tlask so that the ilask is 
at 20 3 ) c. 3m. Unchanged in air ; heated in j nearly tilled with the liquid; the stopper is 
air a very little Bi/),is formed. Unchanged by j placed in the llnsk, and the black pp. is allowed 
heating in i. i fro /m, or with suf/dmr, or in to settle; the pp. is washed with cold KOUAtj 
sulphur dinj-il.'. I Slowly chang'd to BiOl by j (in air-free water) less concentrated than that 
a large quantity of cold ;r x!. r, m-»r»* quickly j used in the ppn. the Jlask being each time 
by boiling water. Very p.ut.ally converted into i nearly filled with the liquid, and then with air- 
11)91 by _ heating in N oxides (from starch and free water; it is then quickly dried by pressing 


HNO,Aq). Bil, is much more stablo than either 
BiC!, or BiUr,. 

Com hi mt m Wi t h H [ to form B i f 3 .1 If. 111.0 
(Arppe, /’. 4 1,2 ts). With MI <M - Na, K, Nil,), 
and ML (M -*Ca, Ba, Mg, Zn), to form <h ; .!o 
compounds is.unorplious with the corresponding 
compounds of SbE,: obtained by direct com¬ 
bination of the iodides, or by acting on Bi with 


between tiller paper, and placed over 11/40* in 
ra-uo (Schneider, P. 88, 45). 

I'run. itirs and Jle.actians.— Black, crystal¬ 
line, powder; lx gins to oxidise in air at about 
l8i) ; at heat quickly oxidised to Bi/),; 
oxidised to Bi/.) ,.xll ; U and Bi/),..rli/) by boiling 
with KOHAq mid Br; oxidised to Bi/) 1 ..rIl i O 
by K_.Mu/) H Aq; wh u moist, Bi/),. is rapidly 


I in presence of the iodide MI or MJ,; they are ; ox id is.-d in air to Bi 0/211.0; oxidised by con- 
all deliquescent, and are easily resolved by water j tact with a very little HNO,Aq, decomposed to 

into their component iodide:} (Nicklis, C. R. 01, j Bi JiNO, ai. . 

1097; Binan. V. 111, 240). 1 

Bismuth, Oxides and hydrated oxides of. 

Four oxides are known, Bi/)., Bi.O„ Bi/)*, 

Bi/)*; as none has been gasified, the V.D. 
and hence the molecular weight of none is 
known. Those oxides all react with acids to 


and Bi by more llNO,Aq, dissolved 
; entirely by u considerable quantity of tho same 
it id ; decomposed by MCJIAq or H 2 S0 4 Aq to 
BiCl„ or Bi sulphate, and Bi; deoxidised, to 
Bi, by heating in II or CO; decomposed by 
boiling KOUAq with formation of Bi (Schneider, 


X ® NO,, 


•Is.. ; I’altison Muir, l.c.). No hydrato of Bi a 0 3 
BiX„ where has been definitely obtained. Solution of Ui^O, 

*o.; if much water is present, ! in ,* 1 ar i? r i c / 5 0 i d “. U ' Hi ' H » hy r ° aCt,0n 
‘ I with (Schneiderj, v. Bis.m nm whulpiiiije. 

Bisiiu nmnrt oxioe. Bi/)., (Jiismuth trioxidc). 


form the same series of salt 

SO,, co s 
2 2 

basic salts, usually of the form BiOX, are 



but no salts have been certainty obtained 
which the acid radiclo is composed of Bi and O. 
BiA is easily oxidised to Bi,O a ; Bi/),and Bi/J^ 
are deoxidised to Bi/), by heating in air or 
oxygen to about 920’ and 250° respectively; 
Bi,0, ia unchanged when heated in air or 
oxygen. Bi 2 0, is not hydrated by contact with 
Water; Bi/) 4 and Bi/), are hydrated in moist 
*ir, in contact with water they are partially and 
•lowly deoxidised to hydrates of Bi 2 O r 
(X» h 


Formation.—I. By lieating Bi in air or 0.— 
2. By ppg. Bi nitrate or chloride solution by 
excess of alkali and boiling; thus prepared 
always contains some oxynitrato or oxychloride* 
1 Reparation. —1. Basic Bi nitrate, obtained' 
by ppg. solution of Bi in HXO,Aq by large 
excess of water, iB heated in a Pt dish with 
constant agitation until oxides of N are no 
longer evolved. If this oxide is fused with 
KOli it orystalliaos on oooling in rhombic 

LL 
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BISMUTH. 


prbmi, (Norderukjfild, P. 

114, BiOCl (a.v.) if fhaken lot tomt 

time with very cono. KOHAa, until the change 
to Bl,0, and KC1 in complete; the Bi/), is 
washed with cold water until quite free froqj 
KOH and KCl and driod: the oxide may bo 
thus obtained in distinct crystal.?. 

Properties ami Reactions.— Heavy, yellowish • 
white, solid; unchanged by heating in aiY or 
oxygen. Dissolve i in acids to form 13i salts 

i t>. Bismuth, halth or). HPAq heated with 
11,0, dissolves part of it us BiF,.3llF and 
converts the rest into Hit11*’; HXAq (X - Cl 
or Hr) added to Bi/), little by little converts the 
whole of the Bi into B:OX, on addition of more 
HXAq tho BiOX dissolves as BiX,; with a little 
lilAq Bil, is alone formed, if very dilute HlAq 
ii added and the temperature is raisedBiOl only 
is produced, with considerable excess of fairly 
cone. HIAq Bil, is formed and dissolved. Heated 
in chlorine, BiCl, is formed; with bromine. Hi Hr, 
and Bi,,0„Br T are produced. Heated in carbon 
monoxide reduction begins at about 200 J , and 
in hydrogen at about 210’’. BiX), is not hydrated 
in moist air; nor is it altered by contact with 
water. Unchanged by healing in nitrogen. 
Oxidised to Bi./), and BLOJiy action of chlorine 
in presence of much hot KOIlAq ; scarcely oxi¬ 
dised by K. ; Mn/>,Aq(t;. further HYrouisiurrme, 
and Bihmutiiic, oxime). 

JlTJtltATKf) msMUTIloUS OXIDK. BLO v :rIJ./) J 
«®1, 2, anil 3. Tho hydrato with 211/) is 
obtained by dissolving Bi 1)^11/) in cone. 
liClAq, ppg. by KOUAq, and drying over 
11,80, i»i vacuo: the hydrato with H a O is 
obtained by dissolving J5i.jO,.u-l 1 in cone. 

H.,HO„ reducing by SO.., ppg. by KOIlAq, and 
drying as before (l\ M., C. J. 32, 131). 
Bi/),.3H_0 is very difficult to obtain quite free 
from oxy -salts and Bi..O.,; pps. formed by adding 
KOHAq to Hi/), in 1101, II NO,, o^l^.Sl),, and 
washing with cold water, always contain basic 
chloride, »lo.; if waslied with hot wuter they j 
contain Bi.O,. Nearly puro Bi/),.31J..O is oh- : 
tained by dissolving Bid), in tho minimum of 
IlNO,Aq, pouring into excess of cone. NH.Aq, ; 
washing with cold water until tho washings 
contain no nitrates, then repeatedly agitating 
with very dilute Nn 3 CO„.*V| (to decompose traces 
of basic nitrates), again washing repeatedly , 
with cold water, and drying in vacuo ou r H .SO,, i 
Tho hydrates of Bi/), are -white soli-Is. easily 
dehydrated by heat, pn tiully oven by contact, 
with hot water; Bi.O, does not directly com- ; 
bino with water. TSie hydrates behave towards ■ 
acids and oxidiscre similarly to Bi.,0,. None 
of these hydrates show’s tho slightest in¬ 
dications of acidic functions. Thomsen gives 
tho thermal values [Bi*, 0 s , 3IT'0)--137,710; S 
[Bi(VH\HClAq]«14,V’0, with formation of*j 
BiOCl + 211.OAq (Th. 2, 244). j 

IlTromsMrTmo oxide, and IItdratks, Bi a 0 4 ; 
Bi/) ,.!!/>; Bi/),.2H/) (Arppe, Schrader,! 

Bottger, Wernicke. Pattison Muir). Preparation j 
of lli t O r - Bi/), is suspended in KOHAq, 8.(4. J 
abt. 1*85, the liquid is kept nearly boiling, and ; 
Cl is passed in until tho solid is dark chocolate- \ 
rod and quite homogeneous to tho eye ; the solid j 
is washed with hot water until tho washings arc j 
neutral to litmus, kept in contact with dilute ; 
UNOjAq [l ccuo. acid to abt. 20 water) until tho j 


ooloar of tho wild hat b*Mtto brownieh-yeltow 
(1&-16 hours) (to dissolve any Bi/), and* reduce 
any Bi/),), washed free from acid, and boiled 
with cone. NaClOAq (to reoxidise any traces of 
Bi a O a ) until a heavy, yellow-brown, powder is 
formed which settles quickly; this powder is 
washed with hot water until quite free from 
alkali and Cl, and dried at 180°. 

Hydrates.- It the drying is conducted over 
IT ..SO, the hydrate Bi 3 0,.I£/) is obtained. It 
Iti.O.rUJ) (v. inf,a) is treated with warm 
JINO,Aq until the colour is orange-yellow, 
washed, and dried over II SO,, the hydrato 
Bi/),.211*0 is obtained. These hydrates are 
also formed, tho first by the action of ordinary 
air on Bi/),, and the second (with 211*0) by the 
action of moist air on Bi./),: they part with 
their water of hydration at about 150°. 

Properties and Reactions. -Bi/), is a brown¬ 
ish-yellow solid; S.Q. 6*0; deoxidised (to 
Bi s O a ) and dissolved by fairly cone. HNO,Aq, 
or IIClAq, more slowly by cone. ILSO,; slightly 
deoxidised by conl.uA with water in direct 
sunlight, oxidised to Bi. x 0 1 .j’H a 0 by Cl inprcsence 
of hot cone. KOHAq ; is not oxidised by ozonised 
O at U)fl' HO’; heated in Cl gives BiCl, and a 
little BijO/Jl,; heated in Brgives BiBr,and con- 
sideruhlo quantity of Bi,,0 |a Br,. Heated in CO 
reduction begins at abt. 105’ and tho change to 
Bi/), is cornplcto at about 245°-250°; with II 
the corresponding temperatures are abt. 200° 
and 2fi5 \ respectively ; heated in air or in 0 tho 
temperatures are abt. 210° and 520 respectively. 
Neither of the hydrates exhibits any decided 
: acidic functions. 

Bmmittiuc oxide, and Hydrate, Bi 3 0, 
(Jii'imnth peroxide). Bi a 0 4 .II*O (liismuthie 
acid). S.O. Bi.O, 5*1)17 (Brunner a. Watts, P.M. 
1HH1.02). H.V.S. 42. S.O. Bi a O..H.O 5 75. 

VrcjKiration.- Bi/)„ or BiO Jf,, or BiOCl, is 
..uspeniled in about 10 parts of cone. KOIlAq, 
S.O. about 1 33, the liquid i» kept nearly 
boiling and Cl is passed in until a dark-red 
homogeneous solid is formed; this solid is waslied 
with hot water until the washings do not change 
the colour of red litmus paper and every trace of 
chloride is removed, it is then warmed for a 
very short time with a little cone. HN0,Aq 
until its colour is scarlet, washed repeatedly and 
quickly with dilute HN0„Aq, each quantity of 
acid being more diluto than the preceding, and 
then with cold water until every trace of acid is 
removed. If tho solid is now dried over 
TLSO„ BhOj.il/) is obtained; if this is dried 
at 120’ Bi/), remains (I'attiso.i Muir, C. J. 
31), 22). 

Properties ami Reactions. A red, hoary 
powder; combines with water to form Bi/) 4 .H/); 
in contact wil^mueh water is slowly deoxidi’sed 
with*pruduetion of hydrates of Bi./), and Bi/),; 
also deoxidised by hot dilute HNO,Aq, giving 
first Bi.,0,.211,0, and then hydrates of Bi a 0,. 
Deoxidised to Bi/), by heating in current of air 
or oxvger at about 250 ’, and to Bi/), by heating 
in the same gases to about 305°; reduction in 
CO begins at about 70°, in H at about 100°; 
reduction to Bi/), is complete in H current at 
about 215°, and to Bi/), at about 255°, Beactfl 
with C 1 , and Br, to give Bit’l, and a littl# 
Bi,0,CI„ and BiBr, aud a litl}o B^O^Br* 



fwswlmly. Do« not «*WWA ray d*ided 
•ciaio fraction*; Bi^H^), however, diwolvoc 
in about 100 parts of boding KOHAq so con. 
cent rated that solidification begins the moment 
the lamp is removed; on cooling, dissolving in 
as little water as possible, and nearly neutralising 
by HClAq (or by exposure to air) yellowish- 
white Bolids are obtained from which all potash 
is removed only by very long-continued washing 
with boiling water. The solids dried at 100 3 
contain a little water. Hi, and generally rather 
more 0 than is required bv Bi,0,. Solutions of 
BijOyll.O in very cone, boi'.ing KOHAq, there¬ 
fore, probably contain compounds of the. form 
zBiAd/K.O. In the preparation of Bi.O, the 
very cone. KOHAq dissolves a little of the Bi/), 
as this is formed; on nearly neutralising with 
HClAq a white pp. is obtained, which, after long- 
continued washing with boiling water, consists 
of Bi.0,.3JLO (l’attison Muir a. Carnegie, C .«/. 
51, 77). In the preparation of Bi/>, » por¬ 
tion of the potash is very obstinately retained ; 
the whole of the pot a si i can scarcely he removed 
by washing with boiling water: compounds of 
the. form /Bi /) v yK.O are probably formed, but 
every attempt to isolate tln-re bodies has failed. 

Bismuth, Oxyhaloid compounds of. Oxv- 
bromides, oxychlorides, oxyiodides. and nil oxv- 
tluoride, of bismuth have been prepared. All 
the haloid eompounds BiX„ wliero X--Cl.Br, 
or I, arc oxidis.-d by heating in air; only a 
very little Bit if is produced by long continued 
heating Bil,; BiBr, gives Bi,(),,Br h , as BiCI., 
gives Bi/I/II,. The same oxyhaloid compound* 
are formed by the reaction between N oxides, 
(from stareli and hot HNO.Aq) and hot BiX,: 
the oxidation is carried furthest in the case of 
BiBr,, in this e>w the whole or nearly the 
whole of the lupoid compound may bo oxidised. 
The most stable haloid compounds towards 
oxidisers are BiF, and Bil-. 


in Ah* fini fraction only a MU* o* tb« BiBr, to 
oxidiwd, in the second ruction most erf the 
BiBr, is oxidiaed. In either case the product If 
washed with water and dried at 100'\ Thii 
I ox>T)romide is a grey, lustrous, crystalline, 
powder; unchanged by water, or by heating to 
redness; soluble in HClAq and cone. HNO,Aq; 
slowly reduced by H, finally giving I>i ; heated 
in,dry NH„ Bi remains, and a gn j ish -green 
sublimate of 2Billr J .5NH i is formed iP. M . J. 
30, 12; 31, 24; 32, 10). 

OxYcm.oi;u»i:s. Three oxychlorides, BiO.Cl, 
Bi : Ov.Cl„ Bi/V.Cl, (or Bi 4 0,Ci t i, are known. 

Hi smut by l chlorite, RiOC'l, is formed by 
adding water to BiCI, in a little HClAq; or by 
pouring Bi.HXO, in HNO.Aq into dilute NaClAq ; 
or by reacting on excess of BiO, with very 
dilute HClAq ; or by digesting a solution of 
BiCI, in HClAq with exeess of Bi/),. The pp, 
is washed with cold water and dried at 100'. 
This compound is a white, lustrous, crystalline, 
powder (known commercially as ‘pearl white') 
7*2. Reacts with cobl IIUrAq to give 
Bif'lj and BiBr, ; with eold HIAq to give BiCI, 
and Bil,; with lint HFAq to form Bil'J.,. BiOF, 
an<l ]>iF r 3HF. I (id need to I ► i < -l a by heating 

with charcoal in dry Cl (.laeqtielain, J. pr. 11,1; 
Aigpe, /*. 01,237: O' -teu, I*. 110, pjd; lleinta, 
J'. 03, o,'»; l’attison Muir, C, J. 30, 37). 

Tlie ust/i lilm i.l,' Bi.O„Cl, is said to bo pro¬ 
duct d by heating BiiK-1 to milieus (Arppe). 

The ox./, !i!,irh/r Bi/VjClj is formed in small 
quantities by slowly subliming BiCI, in contact 
with a little air, anil in largo quantities by 
passing N oxides (by beating starch with 
HNO,Aq) into melted BiCI,. Thu analytical 
numbers agree fairly with Bi.0_.Cl, and also 
with Bi,0.,Cl t . The eomponnd in it yellowish* 
white, hard, crystalline, solid ; unchanged in air, 
or by water or by heating to redness ; solnhJo in 


Oxybui'M ii'KS. Three.o\vbromidesare known: 
BiOBr, Bi||0,,Br., and Bi/), .Ur,,. 

Bismuth yl bromble, BiOBr, is produced by 
the action of water on BiBr,; or by heating 
together Bid), and BiBr, ; or by dissolving 
BijOi in HBrAq (Billr, is formed in solution) 
and adding Bid), little by little. It is a white 
amorphous powder; 8.(3. \ 07 ; insoluble in 

water; unchanged when heated to redness; : 
mixed with charcoal and heated in dry Cl, 
BiCI, is formed; muds with cold HClAq to 
form BiCI, and BiBr.,, with cold HIAq to form* 1 
Bil, and HBrAq, and with hot HFAq to form 
BiBr.,, BiOF and BiF,.3HF. BiOBr heated 
in Nil, is reduced to Bi, and a little 
aBiBrj.f/NH, is formed,./ probably-2 and y 
probably - o (Pntti'-on Muir, C. J. 22, Hit. 

The orybrnini.le lh'nO.jBr^fs produced b^ 
heating dry Bi/), with excess of Br foj some 
hours and removing uncombine l Br by warming 
in free contact with air. It is a cream-coloured, 
non-deliquchivnt, amorphous powder : un- j 
changed by heating in air ; unacted on by j 
water ; dissolved bv warm HClAq and HNO.Aq 
(P. M., C.J. 31, 21). 

The oxybromide Bi/h-Br, is produced (l i by 
•lowly subliming BiBr, in contact with a little 
air; (2) by passing N oxides (obtained by j 

heating starch and UNO,Aq) into melted BiBr,; . 


hot HClAq or HNO.Aq ; boiled with NaOHAq, 
Bi .O.und NaClAq an formed d’. M.,C.,/. 32,10). 

( )\yi J.romi-r. Only one is known. Itismnthyl 
• fl urn hie, BiOF, is oiitaine 1 by heating Bid), with 
large, excels of HFAq so long as any reaction 
occurs, boiling the residin'w ith water until every 
trace of acid is removed, and drying at 100° ; if 
the washing is conducted with cold water until 
nearly neutral, BioF.2HF remains; when this 
is strongly heated in a closed l't crucible, BiOF 
is obtained in cry tallinc form. The liquid ob¬ 
tained by*bniling Bi/>, with HFAq evaporated 
at loo"’ gives Bil 3HF ; when this salt is boiled 
with water it iu Howdy decomposed to BiOF. 
BiOF is a heavy, white, crystalline, powder; 
S.o. 7 •">•*>. Willi HF it forms the double 
compound Bi()F.2HF. Jb ads with cold HClAq 
to form BiCI, and HFAq; with HBrAq to form 
BiBr,und HFAq ; witl^ HlA- to form Bil, and 
HFAq (1*. M., lIoffinciHter a. Hobbs. C. J. 32,21). 

OiYi »f»ini:s. fiionnthyl in'inlc., JliOI, is pro* 
dueod by boiling Bil, with H O in rniall quan¬ 
tities, by miblimiiig Bil,in air; or, also in «mall 
quantities only, by reacting with N oxides (from 
starch and hot HNO.Aq) on hot Bil,. BiOI if 
a heavy, red, cry • tallinc powder, unchanged 
bv water, or by healing in air; by long-continued 
heating to bright ledness in air a very little 
Bi/), is formed; reacts with HClAq, IIBrAq, 
and llFAq, similarly to bismuthyl chlorid# 

Lb? 



ta 4 tMM {Bohnridfflr, ?. jpr. 74,424; P. 1C, { 

Another oxyioiidt, probably 8Bi0I.4Bi,0„ 
(a obtained aa a yellow powder by pourijij< a 
dilute eolntion ot l)i3N'0, into KIAq niiseil with 
NaC,11,0 Ai( (Fletcher a. Cooper, Ph. IHH'2). 

Bismuth, Onyeulphide of. Accordin" to 
Hermann (■/. jir. 75, 452) tho compoiiri'i 
Bi.0,8, is formed by heating 1 part 8 with 41*55 
parts Mi/), to low redness in a retort; S.G. 0*3. 
A compound of Mi, 8, and 0, occurs as Karrlinite 
(said to bn Mi/.),,8). 

Bismuth, Phcfliphido of. No definite com¬ 
pound has been isolated. Berzelius ( Lehrbuch , 
2,582 15th ed.l) says tho two elements do not 
unite directly, but thnt a phosphide is formed 
by loadin'' I'll, into Bi.ftNO, solution. 

Bismuth, Salts of. Those compounds are 
obtained in n few Cases by the reaction between 
Bi and an acid, r.q. Hi.3N<> 1t but more g*:inn*;illy 
by using Hi./),.rH/> in place of Mi, or bv double 
decomposition from Bi.ltNO, in UNO .\q or 
BiCI,in f ICJ A<i. Mi. ninth salts are insoluble in 
water; they uro deeompo-cd by water with 
production »f so-called basic salts: the s ilt < of 
Mi may indeed be arranged in two clashes, 
normal and basic, ns types of which may be 
taken the nitrates Bi.3N(), and MiO.NO,, re¬ 
spectively. Many of these basic salts are most 
simply reparileil ns derived from acids by re¬ 
placement of II by Hit); they are often called 
bismtithyl salts: other basic salts, however, 
ut present at any late, are best represented 
us compounds of acid-forming oxides with 
Bi/),. All the basic nil rales for instance, and 
many of tbeso salts are known, belong to the 
general form .rBi/),.i/N/). i .IMO. The salts ob¬ 
tained by reactions between acids and the oxide; 
Bi./), and Bi/)., are the same as time which 
are formed when Bi/), is used. The more 
important salts of Bi are the viti^e^ and snl* 
jtJuites, also broninfe, ehlotate, " n//./'. ;•//■•.- 

]>hates, tartrate.*, do. (i.\ Ntruvu-.s, S: i.puaius, 
do. Ac ). 

Bismuth, Selonide of. Bi.Se,. Black, his- 
trous, metal-like, powder; S.(i. 0*83. Obtained 
bypassing H.So into Bi.IiNO., in as little 11N O, A»j 
as possible, or bv heating together 1 pari Sc ami 
1*8 parts Mi, mid repeat-ally melting the pro- 
duct in contact with Se. Insoluble in solution-.; 
of alkalis or alkali-sulphides; decomposed by 
HNO.A'i ; gives lip Se when«heufed. Combines 
with Mid, (r. infra) (Merzclius; Schneider, 2\ 
1)4, 628). 

Bismuth, 6elcnochlorido of. BiSeCl. 

( •- Mi .So r BiCl t ). lh'rrned by adding powdered 
BLSe, to molten 2Nll l C!?BiOI ! ,. Steel-grey, 
needlo shaped, crystals. Heated in C<\. is 
separate;! into Mi.Se, and Mi Cl,, (Schneider. */.c.). 

Bismuth, Sulphide* of. One well-marked 
sulphide of Bi, MLS,, is known; another, 
Bi.Mj,corresponding to tho oxide Bi/M, probably 
exists. Attempts to prepare a sulphide with 
more S than Bi/v, have failed (Puttisou Muir, 
C. J. 33, 122). Sulphide of bismuth does not 
react with more positive sulphides as a salt¬ 
forming compound {comp. Schneider, [2j 5, 
030 with V. M., C. J. 33,122). 

Bismuth Tkisulimhok. Di t S,. Occurs native 
as bismuth ahvice. S.(». 0*5. ithombic forms, 
1: 2881; iiomorphoua with As,S, and 


SbjL- AMftfiifr* W’htfttifiif a tshtanof IpiH 
8 with 44 parts Bi till % grsy orystaluno mass 
is formed, and then repeatedly heating this 
with a little S : also by passing H,8 into an 
acid solution of a Bi salt. If the pp. thus 
j obtained is heated with an alkali-sulphide 
j solution to 200° tho BBS, is said to become 
: crystalline. Steel-grey, crystalline, lustrous, 

: solid: strongly heated it is separated into Bi 
1 and S; unacted on by alkali or alkali-sulphide 
solutions. 

Bismuth Discjlpiijm-:. 2Bi,.S .11./). Said to 
; be ppd. by IMS from alkaline solutions of Bi/) a 
I Selineider (/V07, 180) dissolved 8 grams Bi tar¬ 
trate in tho necessary quantity of KOHAq, added 
air-fivo water to make up to 1500 c.o., then 
1 2 grams SnClJn KOHAq, and passed in air-free 
JI S until the liquid became colourless. Ho 
w;l «h»'d the black pp. with KOHAq and then 
. with II/) (air-free), and dried at loO A black 
, powihr; becomes lustrous by compression; 
decomposed by heating into Bi and Bi 2 S a , by 
JICIAq into Bi, BiCI„^:id IMS. 

Bismuth, Sulphochloride of, v . Bismuth, 

. THIO.IIAF.OIO C 'MPOUXOS OF. 

Bismuth, Sulphoiodido of, v. Bismuth, Tiiio- 

HAI.olO COMPOUX0H OF. 

Bismuth, Sulphocyanide of, Bi(SCN),, v. 

CvAMl'I-.S. 

Bismuth, Telluride of. No delinito com¬ 
pound has been Mutated; telluric bismuth, 
approximately Bi,S,.2Mi.Te.„ occurs native. 
According to Berzelius (f,rhthueh, 2, 583 
[5th ed.j) the two elements may bo melted 
together in all proportions. 

Bismuth, Thiohaloid compounds of. Only 
two are known : MiSCl.and BiSl. The former is 
obtained by the direct reaction between BiCl, 
and S. but Mil, and S do not react together; 
wl#*n BiBr, ami S aro heated together there aro 
indications of the formation of a tiiio- compound, 
but none has yet been isolated ( v . M.M., Tl. a. R., 
C. J. 31), 21). The thio* compounds are much 
less stable than tho corresponding oxv- com¬ 
pounds; v. Bismuth, oxthaloid compounos of. 

Bismuth Tiiiociilokide (suli>hochlorUe) BiSCl. 
Obtained by heating S with Bi<Jl„, or by adding 
powdered BBS, to molten 2NII,CI.BiCl„ and 
washing the product with very dilute IIClAq. 
Small, metal-like, greyish, needles; easily de¬ 
composed into its constituents, e.tj. by heating 
4 in OK, bv 11, by IIClAq or llNt),Aq, and by 
I alkalis (Selineider, V. 03, 454). 

! Bismuth Thio-iodipk (sulph iofUite), BiSI,ia 
i said to bo formed, as long needles, by strongly 
heating I, S, and BMS,, placed in alternate 
i layers in a large cru&lde (/\ 110, 147). 
f Bismuthic*^cid and Bismuthates (so called). 

! Bi.,0^11.1) is sometimes called bisniuthic acid ; 

• bodies obtained by dissolving Bi.O, in much 
molten K01I, or by saturating with Cl coho. 
KOHAq holding Bi/), in suspension, have been 
I described as bismuthates. But later export- 
! ments have shown that these bodies cannot be 
i isolated although they probably exist in presence 
i of much potash. The acidic functions of 
Bi/),.II/) aro extremely feeble, v. Bismcthw 
ompe under Bismuth, oxioes of, p. 515. 
t M. M. P. M. 
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<moi»ro inifanm. 

piimata mono-nwtliyl eompottadi. _ 

ai®’nV. ori ' 1 * niMeCI :- Obtained by | more thin 3 mola.j (Marquurdt. B. 'io. l'iiSr' 

•ddxng BiMe, to an acetic acul solution of BiCI,. ! Properties. - Stinking oil. It cannot I* di* 
White plates. M. sol. alcoliol and acetic acid, tilled at ordinary atmospheric pressure, for on 

heating to 150° it detonates vi. ' 


insol. ether (Marquardt, B. 20 , 15201 

Di-bromide BiMeBr,. ;'2li;. Formed 
♦. mixing ethereal solutions of BiMej and Bilh,. 
Yellow powder. SI. sol. alcohol, benzene, and 
acetic acid, insol. ether (M.). 

Di-toilide BiMel-.. [225°]. Formed by 
heating BiMe, with methyl iodide at 200'.(M.L 
Glistening red crystals. Sol. alcohol, si. sol. 
acetic acid, insol. ether. 

Oxide BiMcO. Formed by adding Nil, to 
an alcoholic solution of the double compound of 
BiMeBr. and BiBr,, which is obtained as a yellow 
crystalline pp. on mixing i-thi rt-al solutions of 
BiMe, (1 mol.) and Hilo, (2 mols.) (Marquardt, 
B. 20,1522). White powd* r. Insol. water. 1 ‘is 
solves in NuOH and in dilute HNO,. Ignilrs in 
the air if gently warmed. 

Bismuth di-mcthyl compounds. 

Chloride. BiMcCl. (lit)']. Formed by 
passing chlorine into a solution of BiMe, in 
petroleum-ether, cooled in a fm/.ing-mixtun.. 
White micro-crystalline powder. V. sol. alcohol, 
insol. ether (Maripmrdt, B. 20, 151'.*). 

Hydroxide BiMe.(OH). Formed hy the 
action of water upon tiie doubl<; compound of 
BiBr, and BiMe ; Br, which is ppd. a-, an oily 
liquid by mixing ethereal solutions of equal 
mols. of BiBr, and BiMe,. Cn.-laMiue solid. 
Ignites in the air spoutamoti.dy! Dissolvi-s in 
aqueous NnOH. I>( composed by aqu.-ous 1K;1 
with evolution of C1I, (Marqunrdt, B. 20 , 152:',). 

Bismuth tri-methide BiMe,. Tri-m, thyl- 
bismuthine. (IB) ). S.(i. 23 at lft' 5 . Obtained 
by slowly adding an ethereal solution of bi-muth 
bromide (2 mols.) to an ethereal solution of zinc 
methido (rather more ll an 3 mols.). Mol 
refractive liquid, of unpleasant pungent odour. 
In the air it fumes ami rapidly oxidises, wh* n 
heated in the air it explod-s \iol«*ntIy. Volatile 
with steam, but dri-nmpi..ms on long Imiiin' 
with water. Dilute II SO, or UNO, have !:t 1 !«• 
action upon it, but cone. HCl decompose-; it 
with evolution of CH, and production of Bid,. 
It does not combine with alkyl haloids or with 
halogens. The intt* r replace Me forming 
BiMc.Cl, itc. (Marquardt, //. 20, 1517). 

Bismuth mono-ethyl compounds. 


violently; volatile 
with steam. Fuuu■> and takes tiro in air. V. sol. 
alcohol, ether, and acetic acid. Its ethereal 
soliftion exposed to air deposits BLO,H O. 
Forms unstable compounds with non-nutata. 
BiKt .S.BLS, is a yellow solid, iiiM-luble in wnt. *r t 
soluble in yellow ammonium sulphme. BiKt, 
throws down calomel from abol-olic HgCl ; , hut 
when alcoholic HgCb, is added to alcoholic 
BiF.t,, crystals of BiKtCI. may bo got: 
BiKt, • 2H;;CL -2irgKtCl t B»E tCl/(Dflnhaupt, 
A. ‘.12, 371). 

Bismuth-tri-phenyl BpOIIL,. Tri-yhenyU 
bismuthine. [82-1. S.G. 1-5S51 at 20\ Fornmd 
by heating bromo-hen.'.eno containing sum-' acetio 
etln r with an alloy of sodium and bismuth 
(10 p.c. Na). Col ,, ur]fss ne. dles or tablets. Mol. 
hot alcohol, sparingly in cold, v. sol. ether and 
p -trolcum ether. By boiling with cone. IlC-1 it 
i.-> completely dcconipoM-d into benzene and bis¬ 
muth chloride. It combines with CL forming 
the chloride. (CMdJliGL which crystallises in 
thick prisms, (IlO'i, sol.*hot alcohol, h 1. sol. 
ether and cold alcohol, v. sol. benzene, nut 
.1. composed by cone, llt’l. The bromide 
(C 1 ,H,l 1 BiBr ! form-j long pi bins, [113 I, v. sol. 
benzene, si. sol. alcohol and etluT (Miclun li» a. 
Weitz, 1\. 20. 511. 

BITTER ALMOND OIL t*. Ai.m-*ni>m and 
Bknz.u. Ai.m.im r. 
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Alhudmuomidf. .Mo 
at O': 151 at 15'-’; I' 

i.mit.m. 1. 11, 

until the m-.O d lim-s 
to give id# Nil,. I he 
hot water (Wiedemann 
/>. •!, 2*»2). 2. By p; 


Nil .CO.NH.CO.NIl,. 
103. [UiO’J. S. 1-25 
loo 1 . 

heat.-d at 150°. 170° 
'in*.. p:i ly and eea-ea 
pf-duet is extracted with 
/*. 71, 07 ; Iiofm.mii, 
• • In- mi pour of cyanic 


Chloride BiEtCL. 


acid into melted nr 
3. Urea is treat* <1 \. 
bi-CollliM pasl V ( 11 • qq. 
ll. 1,175). 4. By th<- 
ether (II. a. 1>.L ; 

cyanic arid’ (p. ir,.;> with 11 SO, (1 pt.)und water 
(2 pt .) at (50 - 70’ (Baumann, ll. ft, 708). ~ 
(5. By tie* aetmn of NIL, u : on Iri bromo acetyl- 
mea (Baey*r, A. 130, 151;. 7. By heating uiea 


■ (l ineli, A. 121, 331). - 

ill riiliirino till tin* masg 

it a. I>.»:'i. l, A. [2j 3,031 ; 
< lion<*f MI, on alloplianic 
By h* it in;.; 1 amido-di- 


alcoholic HgCL to alcoholic BiKt., (y. t>.). 

Iodide BiKtI... From the chloride and KI. 
Golden, six-sided plates. 

Oxide BiKtO. From the iodide and potash. 
Yellow amorphous powder,’takes tire in air. 

Nitrate BiKt(NO,),. From Jiie oxide and 
HNO,. Crystalline tufts. • 

Bismuth di-ethyl bromide BiKt.Br. Framed 
by dropping bromine into a co Vd j-ohition of 
BiKt, in petroleum-ether. White powder. V. .-ml. 
alcohol, insol. ether. Ignites in the air on warm¬ 
ing (Marqnardt, B. 20. 1520). 

Bismuth tri - ethide BiKt,. Tri - <//-■ 
bismuthine. (107°) at 73 mm. S.G. 182. 

Preparation.— 1. An alloy of Bi and K is 
made by strongly heating bismuth (5 pts.) with 
cream of tartar (4 pts.). Thi* alloy is treated with 
£tl (Breed, A. 82, 100). —2. Obtained by slowly 


Prepared bv adding i*with PCI, at In 0 ° (V eitii 

r* BiKt l.n,) - tnlvi.m . 


10 , 


i'M3). 8. By 
mixing dilute solutions of in. a und potassio 
cyan ate, acidifying with a'.-Jic arid, evaporating, 

] raiding a little II>ii) # and .-xfra-ting with alcohol 
| (hrechst l, J. pr. 128, 1721. 3. By «•!<■(•}ndysi* 

■ (>{ a solution of Ml., ii-iing caibon r bet rode* 

# (MiHot, /;/. |2J 10, 211). 

j l V.y-.*) ties, — liong ijf^dli*.-; ronlaining nq)j 

’ or hmg a:ihydrous ktiuinm (fi« j: . alcohol). Split 
, u). by heat into Nil, und cya.iuric acid. I>is* 
f.oivcs unchanged in cold cone. It, 

wuution is nitt j-p'l. hy salt.i of ]r-a<l or silver or 
h.v tannin. A liltlo CnSO, luilowr.il l.y KOtl 

piu:B A (11 1 Jl Viollrt Soliltioll. 

Ihar.tiom.-~l. At ltiu j it absorbs HCl form- ’ 
inn B .ilC; whieli at ICO' 1 -17w' in a cormit of 
HCl gives H i), CO. guaniilim-, cyanurio acid, 
nn<l urea. 2. lloiling coin;. HCIAq lorma Nil,, 
'Jit-a, ttinl guanidine.—3. Boiling baryta-wait 
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forma CO„ NH„ and area.— 4. With NaCIO it 
evolves $ of its nitrogen, with NalirO it evolves § 
(Teuton, C. J. 36, 14). — 6. UNO, gives C0 2 and 
N,0 in equal volumes (Franclmnont, R. 7k C. 
6, 210). 0. COC1, at 00 1 forms carbonyl-di« 
biuret (C.JI,N s f).,)X() (K. Schmidt, J. pr. [2] 5, 
47); a crystalline p.nvder, v. si. sol. cold water, 
insol. alcohol and ether. This body is converted 
by boiling baryta-water into urea and cyantfric 
acid ; and by COC'l s at 140° into cyanuric acid ; 
liglNi),), gives, in hot dilute solution, a w>. of 
C i H„N tt O ( :jHgO. . 

Salts. JJYHCl; decomposed by water.— 
Ag.C.II.N .O^: ppd. by adding AgXO, (2 niols.) 
and MI.Aq to a saturated aqueous solution 
of biuret (l mol.); sol. UNO, and NII^Aq 
(Jtonnf* a. (loldenherg, Ji. 7,287).—Cyan urate 
irC ;l N 1 H.O,: needles; formed on crystallising 
I'iuri t fi'inn water. It has probably been mis¬ 
taken fur urea cyan urate from which it differs 
in yi'-lding with liaryta water, harium cyuuui-ato 
and biuret, in (riving off ft atoms of nitrogen as 
ammonia when heated with harium hydrate 
(urea oyamirate yields 2 atoms), in giving olT 
1-l H , 1 . 0 . nitrogen with sodium hypobromite, 
(while urea eyanuralo gives 11-5 p.c., both re. 
mils corresponding to 2 atoms nitrogen) 
(ller/.ig, i)7. 2, III). b i 

Biuret dicyaiminido 0,1 f u N O. i.c. 

Ml(( O.Nll.th N11).\11.).. from aeetyl - area ! 
(2 |ds.) and guanidine carbonate (5 pts.) at 
11(1 lull' (llasinslii, |2| 27, 157). Amur- 
plums sub stance, v. sol. acids and fixed alkalis, 
insol. Nll,Ai|. I toes not give the biuret reaction 
with Oust),. 

BIXIN (o.llj.O, |17b°|. A colouring mat¬ 
ter contained in animtto seeds (Him o rc/laiia) 
(I’reiascr, ,l,r.2, IW2; (liiatdin.d. 77t.|:i>21,171; 
Holley a. Myliua, III. (2) II, 2110; Stein, j. nr 
102,177>). ‘ 

Preparation. - Animtto (1,7,00 g} A digested 
at HO" with alcohol (2,7,oog. of HI) p.o.) with 
addition of Nn.UO, (17,o g.), after filtration, the 
residue is again digested with aleoliol (1,7,00 g. ’ 
of 00 p.c.). 'I'll,' mixed filtrates arc pod. by 

milling half thrir hulk of wafer and com*. 
Na..C'0.,Ai|; tlm ppd. sodium-bixin is dissolved 
m alcohol |i',0 p.e.) ami re.ppd, with XaX'O.Ao 
riie sodium l.ixin is jl.eu decomposed bv lit i : 
(I’ll, /•■■ I I, HOI; 7.-1 10). 3 

Pioivrhcs. Minnie red leaflets; insol. waler, i 
»l. sol. aleoliol, licn/eno, ("S., and %cotic acid, 

V. 0 . sob oilier, t'ooe. Ii.,S(), forms a bright 1 
blue solution, whence water gives a dark green 
PI’- It reduces cold l’ehling’s solution. 

/iV,rcfmii,x.--|. I»i.tilIat*on with zinc dust 
gives m xylene, ethyl toluene, and an oil C II 

ir 7 !V >• Hedueed by sodium-amai,;am to 

^■'is I * I,.* • 

Salta. C.gH <s NaOj2aq: lustrous rod crys¬ 
tals. v. s.»l. water, insol. alcohol, and other. 

in' ii^ i- : dull red powder. — 

C si .H 1 ,K0 1 2hh. CJL.K.O 2an. 

Rl PJHUrvn n.iii.n^J 1 
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HYl’OClII.OHtTES, 


under Cmlouine, oxv.uins ok. 

Bf-OOD. In vertebrates, the Wood is a some- 
whit viscous, and to the miked eve homo- 
geii.s-ns, red liquid. The Wood which leaves 
the lung. 01 gills is of a bright scarlet colour, 
and that m the systemic veins of a purplish 
Hue, which on exposure to the air, or on shak¬ 


ing with oxygto, bsoomet of tht bright grtcrlil 
soarlet colour. This difference in tint is due to 
the amount of oxygen present in combination 
with tho red pigment hmmoglobin; in the lungs 
j a loose combination called oxy-hremoglobin is 
i formed which is scarlet; in tile tissues this oxy. 
gon is given up, and the blood returning to the 
heart is of the purplish colour duo to hsinoglobiu 

Specific Gravity. Itoy ( Proc. Physiol. Soc. 
1881) has introduced a method for ascertaining 
tho specific gravity of living blood. A drop of 
blood is introduced into a mixture of glycerin 
and wator of known specific gravity; if the drop 
tends to rise or sink, it is assumed that it is of 
lower or higher specific gravity than the liquid 
in which it is placed. The average specific 
gravity of human blood thus found was 1000. 
Defilirinated human blood has an average 
speeilie gravity of 1-055. Pfliiger ( Pflilyer's 
Archie, i. 75) found the specific gravity of dog’s 
Wood to bo I-Ofiu; and Gschleidlen that of 
rabbit's blood 1-0 IS. 

Characters. ■ Blood is always feebly alkaline 
in reaction (Kiiline, Virchow's Archie, ii:t, 05- 
[jiebieieli, 71.1, 48; Schafer, Journal of Physio- 
{'HW, 5. -I 1 -)- Under tiie microscope the blood 
is seen not to bo a homogeneous red liquid, but to 
consist of n nearly colourless liquid, the plasma 
or liquor sanguinis, lidding in suspension large 
numbers of solid bodies, the corpuscles. Those 
corpuscles are of two kinds, the coloured and 
tile colourless, 

lint corpuscles. Tllcso owe their colour lo 
hiemogioWn, and aro much more numerous 
than tlio white corpuscles. They vary in size 
and structure in different groups of flic vertebrate 
sub-kingdom. Iu Mammalia, wifti tlm exception 
of tlm Ciimeliilii', they are biconcave, circular 
discs; they have no nucleus except during em- 
hryonio life; and they have a tendency to run 
inlfi rouleaux when the blond is at rest, but if it 
is disturbed they readily become separated. In 
the Camel tribe they have an elliptical outlino. 
Tlmir average diameter in mammals is -OO7--0OK 
millimetre and about one-fourth of that in 
thickness; there aro veiy slight variations 
in dilTerent classes of mammals. In birds, 
reptiles, amphibians, and fishes, the red cor¬ 
puscles are biconvex, oval discs, witli a nucleus ; 

11’ey lire largest in tho amphibia. C. Schmidt 
gives the speeilie gravity of red blood corpuscles 
as I-OH'.I, Weloker as 1-105. 

According to C. Schmidt, 1,000 parta oI 
moist red corpuscles contain— 


Water . 

Solids I 

i Mineral 


688 parts. 
303-88 „ 
8-12 „ 


According to Hoppe Seyler ami Jiidell (fl/rd. 
Chun. Unti'rmchungni, Jlift iii. p. 386) 100 
part#of dried corpuscles contain— 

Human blothl Do^'a Goose'* 

I. II. boo.1 b'ood 

Proteid* 12-24 5 10 12-55 36-41 

Ilan.oglobin 8679 94-30 86-50 62-65 

Lecithin 072 035 059 046 

Cholcsterin 025 0*25 036 0*48 

The nuclei of the red corpuscles consist 
mainly, according to Lauder Bi*un ton, of nuclein, 
a substance very akin in its properties to mucin 
(Journal of Anal, and Physiology, 2nd aerie a, 
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foL 8, p. 91]. The mineral constituents of the red 
eorpasolee have been investigated by 0. Schmidt, 
ana the following tables oontrast those of the 
red corpuscles with those of the plasma in man. 

1000 parts of moist corpuscles yield— 
Mineral matter (exclusive of iron, which 
is contained in the hemoglobin . . 8*120 

Chlorine.1080 

Sulphuric anhydrido .... 0*000 
Phosphorus pentoxide . . • • 1*131 

Potassium.3*328 

Sodium.1*052 

Calcium phosphate .... 0*114 
Magnesium phosphate .... 0 073 
1000 parts of plasma yield— 

Mineral matter.8*550 

Chlorine.3*010 

Sulphuric anhydride . . . .0*115 

Phosphorus pentoxide .... 0*191 

Potassium.0*323 

Sod ami.3*341 

Calcium phosphate .... 0*311 
Magnesium phosphate .... 0*222 
The remarkable difference in the distribution 
of potassium and sodium seen in the above does 
not, however, hold for mo .t nnimab; as the 
following table shows (Gumgee, Physiological 
Chemistry, p. 122). 

B'.ir-l C«li*. 


Man 

K. 

40*89 

K;t. 

9*71 

Cl. 

21*00 

Dug 

0*07 

30*17 

21*8S 

Cat 

7*85 

35*02 

27*59 

•Sheep 

14*57 

38*07 

27*21 

Goat 

37*11 

14*98 

31*73 

Man 

I.i'l'ittr 8*i 
K. 

5*19 

37*74 

01. 

40*08 

Dog 

3*25 

39*08 

37*31 

Cat 

5 17 

37*01 

41*70 

Sheep 

0*50 

38*50 

40*89 

float 

3*55 

37*89 

40*11 


Probably the only gaseous constituent of the 
red blood corpuscles not in a state of chemical 
combination is carbonic neid. 

Blood tablets. Besides the red corpmc!e.s, 
• number of colourless di.-os of *U02-*0U3 milli¬ 
metre diameter are also seen: they are also 
called hfematoblasts (Blutpldttehenot Bizzozero). 
By some they arc supposed to bo stage., in the 
development of red corpuscles; by others to 
take part in the formation of fibrin. Wooldridge 
considers them to be identical with the proteid 
he calls fibrinogen a, which can be precipitated 
from liquor sanguinis by exposure to cold. 

Colourless corpuscles or leucocytes. These 
are animal cells, and consist of nucleated 
masses of protoplasm, more or less granular, 
and exhibiting during life contractility, tIu> 
movements so produced bciri# called amu boid. 
They are not constant in size, but in nftm they 
average about 0*Ol millimetre; the)* are t ouc*- 
what larger in the lower vertebrate groups. In 
mammals there is on the average one white or 
colourless corpuscle to 330 or 350 red ones. 

Our knowledge of the chemical constituents 
of the white corpuscles i3 meagre; th y are 
lighter than the red ones; the great mass of 
the protoplasm is undoubtedly proteid in nature; 
and the nucleus oonsists mainly of nuclein 


(Miescher, M Ohm. UnUrtuch Heft lv., 
p. 441). By micro-ohemical investigation, the 
presence of glyoogen oan often be demonstrated 
by iodine, ana of fat granules by osmic acid. 

Coagulation of blood. Within a few minntes 
after having been Bhod, blood passes first into 
the state of a soft red jelly, which gradually 
acquires greater consistence; and by the con¬ 
traction of one of its constituents expresses a 
fluid, the serum, in which the clot or crassa • 
mention ultimately floats. 

Coagulation is due to the separation from 
the blood plasma of a solid proteid substance 
called fibrin. The clot consists of fibrin 
entangling the corpuscles. By stirring blood, 
or whipping it with twigs immediately after 
it is shed, fibrin free from corpuscles adheres 
to the twigs as a yellowish stringy mass. 
Under the microscope, coagulation ia seen 
to consist of the separation of fine filaments 
from the plasma, which start from or entangle 
tlu« blood plates, and corpuscles. 

Coagulation of the blood is hastened by ex¬ 
posure to a temperature rather above that of the 
body; by contact with fun ign matter, or by agita¬ 
tion ; and by dilution with not more than twice 
its volume of water. Coagulation is hindered or 
prevented bv exposure to a low temperature; 
by contact with living tissues, or by the addi¬ 
tion of large quantities of neutral salts such aa 
sodium chloride, sodium sulphate, or magnesium 
sulphate. When these precautions are taken, 
the corpuscles sink, and the plasma can be 
drawn off: in the last case mixed however 
with salt solution, the inhibitory intluence of 
which on coagulation can be removed by diluting 
the mixture with water ; fibrin is then formed. 

Many theories have been held with regard 
to the cause of the. coagulation of the blood. 
Nearly up to the end of the last century, the 
clot was believed (.<• be simply a mass of 
adhere!# r. ,rpuscles. Hewson, 1772 (r. Hcwijon’i 
works, edited by Gulliver, Sydenham Sac), was 
the first to fc.how that it was really due to the 
separation of some substance from the plasma. 
Bueluinan ( London Medical Gazette, vol, 18) 
showed that squeezed blood-clot bad the power 
of ha: li ning the coagulation of the liquor peri- 
canlii; and u.h this power was especially shown 
by the huffy coat, ho supposed that it was due 
to the white corpuscle.;; In; compared the action 
of the -; corpuscles to that of rennet on milk. 
Denis (tymoire sur lc s.nnj, 1859, p. 32), by 
saturating tho liquor .»niij. r uinia with sodium 
chloride, obtained a proteid pp., which after 
being redi.c.ulved in water underwent coagula¬ 
tion. To this promisor of fibrin he gave tht 
name j.t asinine. *A ,Schmidt (Awhir f. Anat. 
u. Physiol. 1*01, 515) separated phtsminn into 
it * two constituents, both pi'-t* ida of the globulin 
etas.*, to which he g;*e t: . names fibrinogen 
and fihrinoplu'-tm or paiagbdnilin (now called 
■u rum globulin). He thought both of these sub- 
stances were necessary for coagulation,and that 
they united to form fibrin under the influence 
of a ferment. This fibrin-ferment he prepared 
from ‘.■rum, by ppg. it with the serum protcidj 
by means of absolute alcohol; after leaving the 
pp. some months under alcohol, the protoidi 
were by this means rendered insoluble, while 
the ferment could b« extracted with wattf. 






OfimgM {Journal of PhytMogjfi 1879) obtained 
fibrin-torment by extracting blood-olot with 
8 p.c. sodium chloride solution. The extract 
contained ft small quantity of ft globulin-like 
prntcid, and had very marked power in inducing 
coagulation. Uammarsten (Pjlibjer's Archive 
| ull ; 17, 413; 18, 38; 19, 603) modified 
Selmiidl :: theory by showing that paraglobulin j 
is not w.:<::,sary for the formation of fibrin, ^ut 
that fibiiuogen is tho only true fibrin precursor 
which under the influence of tho fibrin ferment 
i i converted into fibrin. The presence of para- 
globulin, however„httStens coagulation perl nips 
by its combining with alkaline carbonates which 
otherwi. <: would impede tho action of the fer¬ 
ment: other proteid. such as casein, or even 
salts such as calcium chloride, will, however, take 
its plan*. 

Tho source of the fibrin-ferment seems to be 
the white corpuscles. Kauficlienbach has pointed 
out (Ui b r die Wcciwlu irkumjen strischen Pro- 
to/ilusina uml Ului plasma, luaug. hiss. Dorpat, 
Inn, 1 }) that leucocytes are of two kinds : a leuco¬ 
cytes which are acted upon and disintegrated 
by tho plasma when the blood is shed, two of ; 
the products of such action being paraglobulin i 
and fibrin ferment; and 0 leucocytes which rc- 1 
main unaltered. 

Tim latest theory of the coagulation of tho 
blood is that of L. C. Wooldridge ( liritrdye r.ur , 
Physiologie, Imip/.ig, 1887, 2 it), lie injects 
peptone into the circulation of an animal, ami 
kills it by bier ding; the blood remains uncoagn- 
late.d for many hours, and the corpuscles are 
removed by cenlrifugulising; if a substance eon- 
tainiug lecithin he then added to tho peptone 
plasma, coagulation occurs. By cooling peptone 
plasma, a pp. is produced; this consists of little 
rounded discs similar to blood tablets; this is 
called fibrinogen a; after its removal from the 
plasma coagulation does not occur :Jtho forma¬ 
tion of fibrin is supposed to bo inn# to the 
lecithin contained in fibrinogen a combining 


•eftim w mxm fr 

always greatly in exoeu of the serum albumin, 
and the latter substance if not differentiable 
into several proteids by fractional heat-coagu¬ 
lation (Halliburton, Journal of Physiology, 8 , 
319). 

The extractives of serum are organic sub* 
stancos present in small quantities, which are 
extracted by various liquids, especially by alco¬ 
hol or ether. There is about 0 2 p.c. of fats 
and cholestcrin; about *08 to 0T2 p.c. of glucose 
(I’avy, Crounian Lectures on Diabetes , London, 
1878); urea 0‘02 to 0 01 p.o.; and creatine, 

! creatinine, xanthine, hypoxanthine, uric acid, 

| and hippurie acid in still smaller quantities. A 
; yellow pigment is found dissolved in varying 
1 quantities in tho serum of most animals; Ham- 
inarsten (Maly's Jahrbericht, 1878, 129), Mao- 
Munn (Pr. 31, 231) and others have described 
this as a biliary pigment; Krukon 1 , erg(& , i£?/M 0 a 6 t 
drr Jenaischen (Jescllsch. f. MiuL, 1885), and 
Halliburton (Journ. of Physiology, 8, 321) have 
’ describ' d it as a lipoehromo. 

The salts of serum Amount to 07 to 0*9 p.o. 

(loses of the blood. From tho blood as a 
whole, or from tho plasma, coloured corpuscles, 
or serum, a mixture of carbonic acid, oxygen 
and nitrogen can be separated. Oxygen is 
present in much larger quantities than could be 
held in simple solution in tho blood, and is, in 
fad, held in feeble combination with lucmo* 
glebin; only a small part being in solution in 
the liquor sanguinis. Carbon dioxide is partly 
in a state of chemical combination, but chiefly 
in a state of simple solution. It is contained 
! in great part in the liquor sanguinis, but in 
part also in the corpuscles. Tho nitrogen is 
held in simple solution in the liquor sanguinis. 
Arterial blood of tho dog yields for every 10D 
volumes 58 3 vol-i. of mixed gases composed of 
22 2 vols. of oxygen, 31-3 vols. of carbonic anhy¬ 
dride, and TS vols. of nitrogen. The maximum 
amount of oxygen observed has been 26 1 vols. 


with fibrinogen n (Hammur.steu and Schmidt’s 

fibrinogen). 

Human blood yields, from 2 2 to 2-8 parts of 
fibrin per 1,000. 

Serum. This is the plasma, minus the ole- ; 
incuts of fibrin. It contains three classes of j 
Constituents; proteids, extractives, and salts. ; 
The proteids consist of globulin and albumin. ! 
Owing to the disintegration of Jho white corpus- ; 
cles the globulin is rather more ubmiftaut than , 
in the plasms. Tho following table of Ham- j 
marshal's (Pj!Harr's Archiv , 1878) represents j 
tho percentage of thesq substances in tho serum ! 
of some of the commoner nmiymnls: 

Total Tot i! S-Tirn Sortini 
Noli'U l’reti i P in All'St'iiin 

Bwnm from Horsa H-.'-s? i-:.a i*v.i , / r 

» m Ox • 7-i:*:» i-i' i 

„ „ M.m v. , ii; 7i»’!» :i i.*i -i-.s:*; 

„ ., MttbWI 7'o’.'5 C-iJ.. p;-*s I'l.XO 

The globulin appears to be a single substance; 
it is coagulated by heat at 75° 0.: by fractional 
heat-coagulation, however, the. serum albumin 
can hr differentiated in some animals into two, 
in some into three proteids (Halliburton, Journal 
of Physiology, r », 162 ; K under, Arch.f.erp. Path. 
U. Pharma*'., 2D. *11H; in the cold-blooded 
animals the total quantity of proteids iu the 


(IMiigor, Qcnirnibl.f. d. mol. Wissensch. 181 ) 8 ). 
In venous blood, the. nitrogen is the same as in 
arterial, the oxyg -n is less in amount (from 8 
to 12 vols. per lOOof blood), and tho CO* greater 
(from 10 60 vols. per 100 of blood). 

Lymph. This is tho name applied to that 
portion of tho blood that transudes through tho 
walls of tho blood-vessels, and after supplying 
tho tissues with nutritive materials and receiving 
the products of their combustion returns to 
the largo veins by means of tho lymphatic 

Vcs -els. 

Lymph is a transparent liquid, which during 
digestion is more or loss milky, owing to tho sus¬ 
pension in it of fatty matters absorbed from the 
alimentary canal. Its specific gravity varies 
Udw.en 1012 hud 1*022, and its reaction is 
ulkalim*. 

Under Jho microscope, the lymph is s -on to 
contain colourless corpuscles. In a time varying 
from 3 to20 minutes after it has left the vessels, 
| lymph undergoes coagulation,fibrin being formed. 
. The amount of fibrin which separates is between 
' 0-4 and 0 8 per 1000, being less than that which 
separates from blood. Lymph is, in fact, simply 
dilute Mood plasma; urea and carbonic acid, 
however, are rather more nbundaut in lymph 
than in blood. 





BLOOD. 


**• Wood uiDiuau. 

A*amla .' Th« ohiof change ie a redootion 
to the number of red oorpueeles, ami tile diminu¬ 
tion oi the amount of hremoglobin they oontain. 
In severe oases there is also a reduction in the 
solid constituents of the plasma. 

Leucocythamia. This is associated with 
great inorease in the number of white corpuscles, 
which may become nearly us numerous as the 
red. The blood is poor in hremoglohiu, and 
rich in hypoxanthinr and laeiie acid (Seiu-ier) 


Th* Blood cf Iiuxrttbrati Anmak. / 
Our knowing® oonoemfng tho blooil of invar* 
wbrate animals is much less complete than that 
of the vertebrates. In certain marine animal* 
•the circulating fluid is chiefly sea water in 
which a number of corpuscles ar<> niapended 
(<’.</. echinoderms): in other in vertebrate* such as 
crystaoea tlie blood is u highly organised fluid 
and rich in pruieid constitiu nK but even in 
those the amount of saline malti is varies with 
tho habitat, being much iikho ahundant in 


Charcot found in the blood, spleen, and liver of I marine than in fresh-water animals. Then* is 
patients suffering from leucocythiemia colourless never any distinction into blood proper and Ivmplj 
elongated crystals, which he and Vulpian were ! in invertebrate animals; hence the name ha mo* 
inclined to consider as proteid in nature; while 1 lymph is sometimes given to their cueulating 
they wero regarded by Salkowski ns consisting fluid; the term hydrati/mph is applied in those 
of a mucin-like substance. Schreiner states cases in which the blood U ohietly water, and 
that they consist of the phosphate of a base, to ‘ contains but few organic eon-tituents. 


the hydrochloride of which he gives the formula J 
C S H,N.HC1 {A. l‘Jl, G8). 


ilicmoglohiu is contained in tho blood of 
Many invertebrates (I .ankester, 1‘jliUjer's A rdiiv , 


Gout. In this disease uric acid accumulates ! 315), chiefly worms, hut also in a few crusta- 

in the blood, probably owing to non-elimina-1 ceans, insects molluscs, let ches, and echino- 
tion by the urine ; there*is also a large quantity ’ 
of oxalic acid ((iarrod, Medico-Chirunj. Trans., 

81 , 83 ; 37 , 51 ). 

Rheumatism. The fibrin is much increased 
in amount: the same is, however, true for other 
inflammatory conditions. There is no excess of 
uric acid in the blood. Lactic acid is said to be 


derm*. With the exception of four worms and 
two molluscs, however, it docs not occur in 
special eorptJM-les as in the blood of vertebrates, 
but dissolved in the liquor sanguinis, colourless 
corpuscles only being found in the blood. Jn 
other invertebrates this red pigment is replaced 
by others, win. h apparently have a similar 


the materics mot In by some, but this has never ! rL ' s I , * , ’atory function ; the most important of 
been satisfactorily demonstrated. .these other iy' juratory proteids are (I) hu-mo* 

Fevers.— In various zymotic fevers, and sep- • t 7 iU, * n > blue pigment occurring in various 
tic diseases, tho presence of different forms of 1 ci*ustac‘aii:-. a; 
bacteria has been described, or in some cast s C.R. «s7, Jfllnj. 
only presumed to exist in the blood. The best 
known of these are the spirillum of relapsing 
fever, the bacillus authracis of splenic fever, 
and the bacillus malaria* of Klebs and Crudeli . 
of intermittent fever. Pigment granules of a wor,,w t'^uke^f-r. Journ.af A nut. and Physiol., 
dark colour are also said to occur in the htod a * 111,1 rylhrin, a purplish rod pig. 


hniils, and molluscs (Fredciicq, 
Tills contains copper as one of 
its c uistitucnl chiuouts; when oxidised it is 
blue, when r.-.iu ! it is colourless. (2) Chloro- 
cruorin, a gie*n pigment, closely related to 
luemo-h.bin, found in the blood of certain 


of ague patients. It is probably a derivative of 
hemoglobin (Marehiafava). 

Diseases of the liver. In jaundice, bilirubin 
and in some eases the bile salts also accumulate 
in the blood; in acute yellow utrophy the blood 
contains leucine and tyrosine. 

Diabetes mellitus. In this disease the most 
marked feature is an increase in the amount of 
glucose in the blood. The peculiar odour of 
the breath in diabetics is stated to he due to 
aoetone, and death is often said to result from 
Ecetomemia. It is probable that acetone does 
not exist free in the blood, but is derived from 
the splitting up of aeeto-acctic ether. 

In some cases of diabetes a lipu-mic (fat in ' 
the blood) condition lias been di -.cribcd. Hut ; 
there is no doubt that this* may occur without 
evidence of disease, and also in other diseases ; 
than diabetes. • 


incut found in n f- w gephyrean worms (Kruken- 
, berg. W ry!. Sf-d.ni, lste Heiho, 8ic Ahth, 
p. 8:'). In all t.irs- cases, tho pigment is dig- 
solved in tho hloo.l pla nm, which has thus a 
respiratory in addition t<> a nutritive function. 

I In addition to these pigments, others occur 
which have apparently no respiratory function; 
thus chlorophyll appears in tho blood plasma of 
many moths and butterflies (Poulton, Pr. .’18, 
2GII; telroncrytlirin, a i-« , d iipochroine in the 
blood plnsutp of ceioiin crui-taeea (Halliburton, 
jJtnun. of I'hi. iui, <i, ,’JOOp Various coloured 
granules are <|i. <*i il»* d in the corpurdcB of holo- 
thurians and s.-a urchins (Ucddcs, v. (jarngeo’s 
Phyittl. ('h oi., 1 rs|and the blood of the 
limpet is d< eiibed iTv Kiukenberg as being of 
an orange colour. 

'i he blood of most invertol.-ates is alkaline 
m reaction, the only kito.vn exception being 


Bright's disease. In addition to an anemic , fb»*t of moths and butterflies which is acid 
condition, there is an increase in 'he au/buul of (Poulton). 
urea in the blood. The convulsions and coma , With regard to the coagulation in tho blood 
that are apt to supervene when tin* «■animation of invertebrates IIai.'ib*ut**n (Journ. of Physiol., 
of, urea is defective have be u d<\-i mated evi- ‘ 0, 880) was able, in the case of the Crustacea 
dences of unomic poisoning, it is probible, to separate ernstao an fibrin, and to show flint 
however, that in these cases it is iu>t ur a as in vertebrate bb>„d u was formed from a 
itself which is the poie’on, but probably *ome previously soluble fibrinog' n under the influenco 


substance or substances antecedent to urea. 
Froriehs’ theory that the poison is ammonium 
Mrbouaic is now given up as untenable. 


of a ferment. (Vu.itawm fibrinogen and fibrin 
differ but little from that of vertebrate Wood 
and the fibrin ferment is identical with that 
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obtained by Schmidt from vertebrate blood. The 
coagulation of crustacean blood is also hindered 
by cold, or admixture with neutral salts. The 
coagulum formed when the blood of cephalojfbds 
is shed is stated by Fredericq to bo only a plasJ* 
mod in m of cells. 

[The foregoing article lias only discussed 
blood from a general point of view. The various 
constituents will be described under their proper 
headings ; the proteids including hemoglobin 
and the other blood pigments will be described 
under the heading Proteids.] W. D. II. 

BLOWPIPE v. Analysis. 

BOHEIC ACID C,n, 0 () h - f 100"']. Occurs 
(to the extent of *2 p.c.), togetlier with querci- 
tannic acid, in black tea (Thru Ixihea) (Koch- 
lodcr, A. 63, 202). Yellow amorphous resin, v. 
sol. water and alcohol; ppd. by alcoholic or 
ammoniacal leadacetute.- BaA"aq.-~I‘bA"aq.--- 
PbA'TbO. 

BOILING-POINTS v. Physical mkt irons; 
sec. tii k a MAI.. 

BOLDIN CJT,,O h . A glucoside which may 
be oxlraeted by boiling alcohol from the leaves 
of lloldna fray runs, in which it occurs to the 
extent of *3 p.c. it is a syrup, volatile with 
steam, and derompos* d by hot dilute IIC1 into 
glucose, MeCI, and an oil 0 , # H.. h O, (?) sol. alco¬ 
hol, insol. water (Chapoteaut, C. It. 08, 1052). 
According to liourgoin a. Verne (HI. [2] 18, 481) 
the leave! of Bohbu contain nil alkaloid, 
bold ice. 

BOLETUS v. Acumens. 

BONE OIL (Andersmi, Tr. K. 10, 4 ; 20, ii. 
247; 21, i. 21*1; 21, iv. 571; A. 70, 32 ; 80, 44 ; 
04, 358; 105, 335). Tho following substances 
have been isolated from the tar obtained in the 
dry-distillation of bones: 

Chitf Constituents. By-products. 

Butyronitrilo Mcthyftnfne 

Valeronitrile. Aniline 

llexonitrile Pyridino 

Isohoxonitrilo Methyl-pyridine 

iVconitrih? Pi-mcthyl-pyridine 

Palmitonitrile Quinoline 

Btearonitrilo Phenol 

Pyrrol Propionitrilo 

Methylpyrrol Valeramido 

l>i methyl pyrrol Toluene 

Hydrocarbons: Kthyl benzene 

CJI„ (Pihydrotn. NaphthUlcne 

ethyl-toluene V) « 

C ln II t- (Bihydro in- 

mcthyl-cumene Vl 

W’cidel a. Ciainician (H. 13, 05) consider that 
Mu> nitriles are formed by the action of Nil, at 
the high tcuipcratim#on the fatty acids eon-* 
taiued in the bones; the pyridino bases they 
believe to bo formed by the combination of tho 
acrolein (faun the glycerin in the fats) with 
ammonia, methylamine, ,te., whilst pyrrol and I 
its homologues are products of the decomposition 
of gelatin. 

BORATES. Salts of boric acid t\ Boron, j 
oit acids or, p. 528. 

BORAX t\ />o rate of sodium : under Boron, 
OTYacids or, p. 529. j 

BORIC ACID v. Boron, oxtacids ok, p. 528. ! 


BORIC ANHY9BIDI t. Boson, om>» or. 
p. 527. 

BORIDES. Compounds of boron with one 
other more positive element. —Very few of these 
compounds exist; manganese forms a crystal¬ 
line boride probably Mn,B.,; platinum easily 
combines with boron to form PtB (?); and 
aluminium and boron appear to form a kind of 
; alloy, the proportion of the elements in which 
varies within very wide limits: two definite 
borides of A1 are also known (r. Iridium, Iron, 
Manoanksk, Palladium, Platinum, Aluminium, 

BORIDKH OK). 

BORNEENE. A mixture of terpenes ( 7 . v.) t 
exuding from Dryobalanops camphora , holding 
| borneol in solution (Gerhardt, TVni7*», 3, 628,041). 

I BORNEOL C„,F,*0 i.e. C IU H„ OH. Borneo 
! camphor , Tctra-hydride of ( 1 , 4, G)-methyl- 
! propyl-phenol (?). Mol. w. 154. [108°] (P.); [207°] 
(W.) (212°). It c» 76-30 in a 22-5 p.c. alcoholio 
! solution (Kanonnikoff). 

Occurrence. — In Dryobalanops camphora t 
; being extracted from hollow cavities in the trunk 
of old trees (Pelouze, A. 40,326). In the essen¬ 
tial oil of valerian (Gerhardt, A. 45, 34 ; Bruy- 
hints, IS. 11,451). To the extent of 4 or 5 p.c. in 
oil of rosemary (Bruylants, J. 1879,944; Weber, 
A. 238,89). 

Formation.—I. By heating camphor with 
alcoholic KOH (Berthelot, A. Oh. [3] 56, 78).- 
2. By the action of sodium on camphor (Bau- 
bigny, [2] 3,71; Haller, C. It. 105, 227). 

Preparation from camphor. — (Jackson a. 
Mciike, Am. 5, 270; 6 , 104; Kachlor a. Spitzer, 
M. 5, 50; B. 15, 16, 2730; ImmendortT, B. 17, 
1036). Camphor (50g.) is dissolved in alcohol 
(500 c.c. of 96 p.c.), and sodium (OOg.) added 
slowly. Towards the end of the operation water 
(50 c.c.) is added (O. Wallach, A. 230, 225). 

Properties. —Regular crystals; very readily 
suBlimes in plates. Smells liko camphor, but 
more peppery, lias a burning taste. The 
alcoholic solution is dextrorotatory; artificial 
borneol lias a somewhat higher rotatory power 
(c. 43°) than the natural borneol ([a]„t=33 3 , 
(Hint; Kachlor). V. si. sol. wat«*r, sol. alcohol 
and ether. Lighter than water. The rate of 
etherification of borneol resembles that of pri¬ 
mary alcohols (Menschuthin, J. Ii. 13, 162). 

Fractions.— 1. I\0, converts it into one or 
moro terpenes (bornoene). -2. Boiling IINO, 
(S.G. 142) gives camphor and its oxidation 
products. 3. Behaves as an alcohol with regard 
to PCI,.—4. HCIO converts it into camphor. 

Sodium borneol C | 1 ,H r ONa: six-aided 
plnt.es (from benzene). Combines with CO„ 
forming O 10 H,.O(CO. i Na) (Kuchlcr a. Spitzer, 
AT. 2, 235). • 

B rom id A.- Bromine added to an ethereal 
solution of boi^eol forms crystals of a mixture 
of b&midos (? C, n HmOI3r , and (C 10 H„0),Br 2 ). 

IlyUrobromide. (C„H ls O) ; HBr. Crystal¬ 
line pp. got bv passing HBr into a solution of 
borneol in light petroleum. The compound it 
unstable and is decomposed both by water and 
by alcohol. 

Ilydriodide. (C 1 # 1I„0).HI. Prepared 

similarly. 

Methyl derivative C, # II,.OMe. (194°cor.). 
From aodium-borneol and Mel (Baubigny, Z. 
1868, 299). 
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BOBtm, PHENYlrCARBAMATE. 

Btkfl derivative 0,,H„OEt (202°) (B.). 

Formal dertvahv, 0 , t H„O.caO. (226°- 
* ' In oil of valerian (Bruylants). 


To M0»1 *■ S kni"' 7 Wbit ® 

L o. 28 U B jOyljPtOl,: golden.yellow plates. 

Acetyl derivative'"' 8! h"o'\c imi’i 11;,*? ’ h P k w *‘ ar g »loohol.-B'H.SO,; easily 
(K. a. 8.); (227°) (M.). Occurs “'oil „lv„leri!J 
(Bruylants, B. 11, 456) ; and raav be forme 1 bv ' reioi ° r J n ^ 1 , derll ' atll '« O la H : .NUCHO i 
the iction of Ac,0 upon bor.S (M u i ■, i 161 J ■ ,*? A™**, glistening pUt«. 

A u Ch \ i ot Ae0Ac ™i^ Z u ’ aln ' c °» H *- !,nA#i i»h 

chloride (kachler a. Spitzer, 200, 352) ()., • ■ a- « „ » 

standing it becomes crystalline [24 3 j. Fusion ' colourless W<J ; 

with NaOH gives NaOAo and borncol | (Leudmrt a ltoe'i, ?! ' U ' J liKr ‘ ,ln 


(255°-260°) 

Stearyl derivative 


C„,H 1; 0(C ls II„0). I auttNYL CA 
2005lBertl “- lot * W-COm. [ U6 oj. 1,s'odmm-.bmneol 

Benzoyl derivative C l0 H„OB2. Oil. ! “. “TiSoTS (HaHer. 

a oohol produced by fermentation of the sugar aldehyde and ltd form Cl I ' N CO 0 C 7 

of madder-root (Jranjoan, A. 101, 05). Small j [187°). Cf. Cixk.il. 
regular crystals; si. sol. water, rotating upon it. ! bad wr r<innn».__ . _ . 

UNO, forms bevorotat ry camphor. 

Leevorotatory borneol C IU H W 01I. [201°]. 

S.G. 1-02. From Ngai camphor (Hanbury. J. 

1874,537). * 1 


borneol and HBr (Koehler. -4. W «U 

B0RNYL CARBAMATE C..1LNO, 

Trnmvu r ,.r,. .. 11 ^ *: c * 


BORNYL CARBONATE (C (0 I£ I7 ) lf CO,. [215% 
Fx traded by boiling alcohol from tho residue 
left in tho preparation of oyano-borneol from 
sodium borneol and cyanogen (Haller, C. It. 31, 
ro.no, i ^tute plates or hexagonal tables, instil! 

i .,.>!* ! T* U V nil ,lll i ,llia - Bl - wl.coM alcohol, sol. ether. 
May bo sublimed. Tho rotatory power viirief 


taevorotatory borneol C„H,,0H. j™, 

Wu — — -'*7° 21' in alcohol of H2 p.c. at 22 

&SF7?*#?? Shells;, N,l01I, V 1 ' vitr “," ii ‘ 1 t 

it into umft&FF ' KL K0H ^ »»* 

jEiKiSiS 1 l ssa' fcssaasa? « a«aa 

Inactive borncol C II 0. [19»’J. (210’). | crystalline, v.' J. ’water;’ tlo!i/dcconm“^d 
1 * e , l>ro . J , uc ' ls . o( •*!? distillation of Colo- by- wafer with separation of |„ im col 


phono (./. r.). Also from its acetyl derivative. 
J lopertii'r. - Dill, is from dextrorotatory 
borneol only in being inactive. Tile crystal's 
float on water, but when pressed into n olid 
cake they- sink (unlike camphor). Oxidised by 
HNO a toinaetive camphor (Armstrong a. Tilden, 
, ™)- Heated with a large quantity 

of IICl it forms C„II„UC1. 

Acetyl derivative C„II„OAc. (215°). 
From terebene and HOAc at lull 1 (Itoudiardat 
a. Lafont, Bl. [2] 45, 101 ; C. 11. 102, 171). 

According to Haller there are two true; bor- 
neols [ajj« + or — 37and the others arc mo- 
leoular compounds of tliesc (tr. Cuirnoii and 
ClSEOL). 

BORNYL AMINE C, 0 H„N probably 

< CJI, 

I (160’J. (200’). V.D. 6-5 (for 
Cfl.NH, 

*•»). .0= -18° 35’ 41". 

Formation: —1. lly induction ot camphor 


BORNYL CHLORIDE C li II,,CI. ’[157-’]. 

Formation. .. borneol (1 pt.) ami IICl 

(0 pts.) at 100° |Iterthclot, A. 112, 366). 

FrefinUtion. From PCI, (lil)g.), light petro. 
mum, and borncol (lag. added in porlioiiH of 
(>g.|. rim product i; .shaken with water and the 
petroleum allowed to evaporate in tho cold, 
when horny 1 chloride separates (Wallaeh, A . 
2.10, 231 ; Kuchler, .1. 127, 23; U. 11, 1GU). 

J'rc/wrti.’s, Crystals. V. sol. light petro- 
leuin, in. sol. alcohol. Jaevorotatory. 
i Hfiiflion'i. -1. Converted into IICl and cam- 
jd"ne (52 ‘j (n. by heating with 

•rater (10 pts.) 35 7 (Kachler, A. 137, 30); 

heller by farming with aniline (\V.). A little 
, borneol is also formed by the action of water on 
horny I chloride (Kachler, A. 200, 342 ; lliban, 
A . Ch . [!j, <>, 382). 2. Sodium acting on a solution 
; hi benzene forms gampheno C 1(1 1J„ and hydro- 
' cauipherie C,.,!!,,. 

BORNYL-METHYL-UREA 


. —..*■ M.j i'.uuv,uuii ui A-aiiijuiui- Duiwiie-mtiniL-unJl 

oxim in alcoholic solution by mfans of sodium, C,, lf,..NH.CO.NHMe. J200 Formed by tho 
2. By sapomncation of its ftrmyl derivative , action of methyl «yanlt« upon boniylamino in 
obtained by heating camphor with amnfoniurn ; < :hcreal solution. IMat-s. V. sol ether and 
formate at 220 ’-210°. * ' j hot wat.-r (Leuohart a. Jtaeh, li. 20, lost. 

J'ropertics. —Crystalline solid, having an ! BORNYL OXIDE C. li () <> ((’ jj ) O (?) 
odour resembling both camphor and piperidine. 1 (285*-200’'). Occurs in the es .ent'ial oil ' 0 f 
In its physical properties it greatly resembles ; salorian (liruvlants, Jj. 11, 450). Not attacked 
camphor. Very volatile with steam. Sublimable 1 by melted KOIJ. 

f von At. til A nnlinarr (.imiinrafnrn V ar .1 ’ nnninTT 


f ven at the ordinary temperature. V. sol. ,.ico- 
bol, ether, A’c., nearly insol. water. AJkaline 
reaction to litmus. Takes up C0 2 from the air. 
Primary base. Gives tho carbamine reaction. 
L»rorotatory. Isomerio with camphylamine. 


BORNYL PHENYL-CARBAMATE 

OC< CocJV Hornyl . phenyl ■ urethane. 
(133’]. Formed by the action of phenyl cyanat* 
upon borneol. Needles. Sparingly ,ol. cold 



m 


marti phestujarbamatr. 


ILjroIn tod alcohol, t. «ol. other eolrenti 

(Ceuobnrt, B. 20,115). 

BOEIfYL-FHEffYL-THIOUEEA 

C„H„.NH.Ca.NllC k H,. [170’]. Formed hy 
the action of plu-inl mu U.trd -oil upon bornyl- 
emine in otlioronl mlution. Coloui'losfl nrii'Ili’. 
Nearly ineol. lirntM fLmichart a. Dacli, ll. 2D, 
101 ) 1 . 

BOBim.I-HENYL-UEEA • 

C|.U„.Nll.CO.MI(J..ll, .’H ]. Formed by the 
action of phenyl <■>,unite upon Imritylamitie in 
ethereal solution. Silvery plates or line neeille.s. 
hpariniily soluble in ether ami cold alcohol, 
easily in hot alcohol, insoluble in water {la u- 
chart a. llaeh, 11. 21 ), lbs). 

BORNYL.UKEa C,„H i ..NH.< O.NI1 .. fllH . 
Formed by boiling hornylamiiie hydrochloride 
with potassium eyanate. Colourless needle 
F.asily soluble in hot water and alcohol (l.eu- 
Ohart a. llaeh, 11. 20, IDs). 

BOKNESITE Cll„(,„. [17.V], fa],, -atP. 

Metni/l-nnttibny. A volatile sub dunce occurring 
in tlio caoutchouc of Borneo. Sublimes at 20o '. 
Swot f taste; dues not ferment. After boiling 
with dilute ucids it reduces Folding's solution. 
At 120 'it is split up by fuming 111 into Aid 
and da ubose ((iiiur.l. O'. H. 7.S, 120). 

JJjilOFLUORIDLS, v . under Boimn, fm;oi{1iu>: 
of, p. .020. 

BORON, li. At. w. 10 07. Mol. w. unknown, 
Efl V.I). bus not been determined. »S.(J. 
amoipilous not determined, but greater than 
}; Kt eryst. 2n>3 2 <l8 (Wohler, A. Ill, 268; 
liunipe, A. 183, 75). S.II. about -37 at 25(P 
probably about -0 at 1000' (*.. post ; p. 525).’ 
Crystallises in dimetric forms, a:c »1: *5702 
(Sella, 100, 010); but crystals probably con¬ 
tained C and AI (t>. ,,od). S.V.S. about 11 
Combines diieelly with 0 and Cl with produe- 
tion of inueh lo at: |MM) 1 ! - III7,200 • (H,C1 M 
104,000 (Tmost a. llantefi-uillc, .|)l (ji u j.",j 

HuZP.l* ’ « !l ^ ‘ ,l ^I'cetrum are 

24%-2, 2107. 3-100*J (Hartley, T. 175, 40). 

Occurrence .- Not as boron ; ehielly as borax 
and bone acid in volcanic districts, also UH 
borate of Mg with MgCl, (Aon.//.), „* borate 
or Ca with t'a silieato [Ihitohi ,). Ac. Ii.*rax. or 
tinea/, 1ms been known in commerce fry many 
eonturics; boric acid WHS prepared from borax 
in 170- by Homborg; the element was obtained 
by Uay-J.msae and Th.'-imni in 1808 bv de¬ 
oxidizing boric acid by p< tjnsium, whifh metal 
lmd been obtained by !>avy the year before. 

Imitation. -1. By redaction of Ro, by K 
(tlay-Imssae a. Tlienard, <»’. .1. .20, 363)..~o Bv 
reduction of HF,. KFby*K < Bei/idins, P. 2,11;*,). 

3. By olectinlxsis of fu-.-d B.O (lbivv (,' | 

•■16, JIO), 4. lly rohn-tinuof lil'l, hy H ut 
ho. (1'unms A. C H,. :u, :i7ill. r,. r, v 
dry lmra, with .umirphoift P (KruimndmiT. C (J 
•!. o' 1 ", 'I' 1> >‘ Soiitin- UP,.HI-' 1;I",.Nii[■' 

"‘th Mg (Wuhl.T ii. IVvilii., . 1 . eh. i.r ;,•> i;->. 
, "i'. ll ii , , r ’ 7 - 1! >- iiwit, 

with Mg and trolling the product with IlflA,, 
(Join’s. C. J. H5, 42). 

i’lyparm'io’i. -AMimriiomi. 1» purls p K ,..i 
11 , 0,111 voarao pow.lnv are mixed with li part. 

Nil in small pieces, ihe mixture is placed in an 
iron urueible Pealed to full redo.. to n parts 

Mrin“d aV0 aml li '» ««oihl« is 

torerid. Mm ad aolton has ooased me 


molten HUM i« atim* u (no tei, n< 
the content* ot the eraeible, white atilt hot, Me 

S oured into water containing a little HC1. The 
aCl, borax, and B a O,, dissolve, and the boron 
•remains. The boron is washed with very dilute 
HClAq, then with alcohol, and then with 
ether; it is then dried at a very gentle heat 
(Wohler a. Deville, A 101,113 a. 347; 105, 67). 

| Ckymtallink. Amorphous B is pressed as 
tightly us possible into a small Hessian crucible, 
a hole is then made in the mass and a rod of 
A1 (4-6 grams) is placed in the hole: the 
crucible is covered and placed in another, 
huger, covered, crucible; the space between is 
tilled with powdered charcoal, and the crucibles 
are heated to 1500 3 or 1600 ’ for 1$ to 2 hours ; 
after cooling the nuns is treated with dilute 
HClA<i which dissolves Al, and BN formed in 
tin* process (Wohler a. Duvillc, 4. 105, 67). 
According to Ifuiupe (4. 183, 75) the crystals 
obtained by this process, or by any process said 
to yield crystalline B, contain Al, and some of 
them also C; Hampe gi-es the formula A1B 14 
to the black tryst a Is, and C.AI,li M to the 
reddish-yellow crystals, obtained by the fore¬ 
going method (r. Au mimi m, m»i:ii>V:s of; und 
Ai.iwuNii'M, itoiMCAiimw-: ok). 

I‘t operties. -Amoi plious boron is a greenish- 
brown, opaque powder; tasteless; odourless; 
non-conductor of electricity; very infusible, but 
melts when placed between the poles of a 
battery of 600 Bun am-oells. Baid to bo slightly 
soluble in water; Kuinit/er (tfite. W. 82,°736) 
supposes that the body which dissolves is a 
hydride of B (u. B..i;os, in dmhk ok). Insoluble 
in alcohol or etlo r. Il< atr<l in vacuo or in an 
inactive gus, p.<j. II, B becomes darker in colour, 
heavier, und more compact. Heated in O, burns 
i to Jl A» 317,200: lieatoil in air, B..O, 

uml BN are produced. Oxidi.-ed by heating with 
lvNO ; „ K.CO,, KOI I, cone. lI.N6.Aq, or aqua 
reqia. Combines directly with many elements 
1 ^' r ’ .* s> * 1't'operties aligned by 

Unlilcra. I'- ville uml o:!:<-is to coslallinc B, 
are, according to Hampe's <‘xperiments, the 
properties of AIB , A! 14,.., and C.A1..B,, (u. 
Ali’mixu'SI, iior.uu: ok, uml luiujcaiuum: of). 
ihe atom of B i'; trivalcut in gaseous molecules 
(data 1>C1„ BBr„ Bl 1 ’.,). The atomic weight of 
B has been determined (i) by linding the V.D. 

! o{ BC1., and BBr a and estimating the Cl and Br 
: respectively in these compounds (Deville a. 

; Mimas, .1. Ch. [3j.»5, 180); (ii) by dehydrating 
j borax (Berzelius, J>. 2, 121); 8, 111); (jii) by 
j converting dehydrafotl borax into Na.SO by 
; action of JIKAq uml H.SO.Aq (Berzelius, 1\ 2, 

: 128 ; also Arfy.-fl. t ii, ]>. 2, 127); (iv) by detnr- 
milling the S. JI. of l.orfln (r. infra). Boron is a 
|H)n-metallic eltfncnt in its ehemicul reactions; 
its oxide, 11,0,, HI an anhydride; boric acid, 
11.1 VO,,•corresponds in composition to nitrous 
iienl, Imt tlformal data show that boric acid isdi- 
b isie; tho acids 11,110, and 1141,0. (and several 
salts derived from the latter) are also known (t*. 
J'OUon, oxyacius ok). 11,0, seems to form com- 
pounds with 1VO.,. SO,,and WO,. In some respects 
B shows analogies with C and Si :-physiea! 

• existenco of acid containing F 
(UBb,) ; direct combination with N; existence 
of many borotungstates; probable existence of a 
gaseous hydride, A*e. In many points B : 



BMW. 


***!..* ***' it B Mob; own- 

in reactions with sulphides of very positive 
metals; existence of a B analogue of tartar 
emetic, Ac. Boron is the first member of Groin 
III (nerinili/* Inwl • 1 t.„ _ . 1 




ing to H*mp*V nw,Hg»b*on «m<«far tin, 

KX* " '"»"***•*■ A1 

• ileiKtioiu.— 1. Uratc'il in air, B,0, and BN 
arc formed. -3 Bratel i„ orpgm, B burn. to 
11 , 0 ,.—3. llratnl to rrilni ss in N, BN i* formed. 


this uroui) are all (li'< ;il,',nv Vn. 'iV.I lii— " 1 1 , a | rmI . T * ith many elemn 

~~ ' dissolves t 2 . „ 1 bu ‘ . ['• «f. B. »n.l «omc inelnls (r. Jinn,,,*,), 

d saohes in KOIIA ,, and forms fit ll«f,;ng not .Im.in!,v It „t ]iu> | 


Al,O r 3H.,0 ... 

alumina!es fo. v .); Al.S, is also som.'idiat 
analogous to B^S,: the compositions of several 
B compounds are similar to those of the corre¬ 
sponding compounds of members of Group 
“? M- M A'» MX > tX^oi, Hr;. Ain. 
and BCJ, combine directly with I'DC’I,. Tho 
differences between the ehemieal functions 
of B and the other elements of the group to 
which B belongs seem to be wider than is usual 
between the first and the following elements of 
the same group. The boron group comprises 
the following ; 

Gkdu* HI. 

h'i en Serin t, $ 

>'•«>!) Sail) Vi 
O'lii Sr/i-s ;». 7. 5 

A(L7l IliU 'I'M 

Til psp cl- incnta arc nil 1 , 1 . ullic willi ijjlt ,, s 

coptiwn of li; in tho rravii..,,, of 11 . 0 , toward. . 

certain acids (p. 527) 1! slums that' it may act A.|uoons solution* ,.f 
as a feebly melal-like element. Boric acid is j "'act with 11. lit. s 


.- decomposed hy B at 100 but 

at a red heat. Steam reads «nh li to form 
bone acid and 11. 6. II j, osidis,bv lieniinii 
n ‘l'“ a,i,i cone. ,.v,V:«nV 
icohi, or by the action ot molten nitre or 
various oo ides ,/ fieoi-./7. 1! is also 
OMdisr.l by healing with )W.iv/i ill is evolved), 
or with all,,!,„<■ ,,,,,<; j„ separate. , 
cr/ehus, I' M)), or with „Vm odd 

(1 is separated, \\ ,, 1 , 1 . r n. Ueville, .1 .(■/,. i;i] 63 
I »*»>•—»• B horns when healed in mlnc'otiJt 
orminc ]!,(., and UN ; N o iswiihonl aetion on 
j B. J . At a rod heat B decomposes .s ulnliuuttrd 
\'jU'wyj ™, hydro-un chUnidc, and ammonia, 
Yi., ITS* - i l"™ 1 " 1 ’ r^peetively IVS, and II, 11(11, and H, 
I. I BN and li. 1(1. Many limUllie chlorides and 


J sulphides, c.j/. IM-CI,. AgC 
I m« tal when ’heated with i 
: Koluti.»ns of i/cU 


1‘hS, arc reduced to 
11. From aqueous 
>»!•!'’ B pp.. Aii. —12. 
can-tie alkalis do not 
calli-d crystalline boron 


.a tiiuiii'Uiie cierneni. none aenl 13 i , '*" t **• MM-aiini crystalline boron 

an extremely weak acid ; its affinity ia very ! similarly *«> aiiinrph.ius boron. but the 
small, 'ihe borates art? very imstablo salts, j inactions occur onh at higli temperatures; it ii 


.. , ... J nuns, 

easily decomposed, even by water, to boric aeid 
and basic oxides. The last member of the group, 

Tl, shows distinct analogies with the .1 1 th series 
member of the next group, \i/.. pb ; Ji shows dis¬ 
tinct analogies with the 2 nd series member of the 
next group, viz. C. B occurs in Series 2, all tho 
succeeding members of this series—fj, N, 0, F - 
are very negative and non-metallic; the general 
character of tin* seiie; to which it belongs in 
stamped upon B, and the group-character i* hut 
feebly marked. It must, however, be remembered 
that very few compounds of B, except tin? 
borates and their derivatives, have been fullv 
Studied. 

Specific heat. The S.II. of B us determined 
by Kopp, Jb'gnaulf, and Mixtcr a. Dana {A. 120 , 

»G2 ; Siif.pl. 3, 1, osj); , 7 . 1 * 01 . 2ti; A. lfi‘ 1 . 3*8) s, 'TP ,, *h the corks of the tube me removed for 

varied from -22.» to ‘202 for the temperature- 11 moment or two, and then the B is gently 
interval 30°-7U°. In 1873-4 Weber cai- fullv in a stream of dry Br vapour, and the 

determined * hn c 11 -‘- n: 1 1 -- ' lim.i.i itu.- »««i .■..»« /»....i. —.». * 

P. M. 
summarises 


oxidised with mu.di ddheiiily. 

Hefornccs. (»ay Iaisvae a. Thenard, G. A, 
30,303; Davy, (i.A. -| |<»; Berzelius, V. 2, 

113; Wohler a. Devillo, A. 101 , 113; 103 317 • 
10ft, 07. * 

Boron. Bromide of. Dili-,. Mol. w. 2ft0‘22. 
(00 a ) (Wohler a. Devil!.-, , 1 . . [;jj r,o 

S.<i. 2 00 (W. a. 1>. /( .). V. D. 1*27. 

Jin in,ii urn. 1. Bv aeti.m of Br on B.,O s and 
C ut tv} Wat (I'oggiale, C. R. 22 , 127). 2 . By 
heating B.O, with BBr. (Gustavson, Ji. 2. 
001 ). ' 

J’nfKirution. Amorplioua B is loosely 
packed into a glass tube, the tube is gently 
warned und H is passed through it until every 
tra.-e of moisture is removed; the 11 stream is 
stopped, the corks of the tube me removed for 


>'al 30°-70°. In 1873-4 Weber ear-^-fully J in a stream of dry Br vapour, and the 

mined the S.H. of crystallised boron (r. l‘‘jn»'l BBr, is led into a dry Husk surrounded 
r . [4] 40, 101 , 270); the following table ! ^ h:e-e.o!4 water* The BBr, is freed from III 
larises his results : • j Kv digestion with Hg, and distillation. 

_ . ...... I’u.n.rii4't /.ii,/ ro.i_ 


SJL of cry if alii sal boron. 


— 40° 
4 77 
177 
233 


- H. 
• 101 ;» 
•27?7 
•3378 
*3003 


B.IT. x At w. 
211 
8-01 
3-72 
4 03 


The S.H. increases as temperature riin-s, but 
the rate of increase per 1 ° is much smaller at 
high than at low temperatures. The variations 
in the rate of increase are almost identical with 
those observed in the ease of carbon ly. id; 
assuming that this identity remains at tem¬ 
peratures above 233 \ the value which the 
S.H. of crystallised boron will attain at about 
1000° is approximately *5. Weh r did not 
analyse the crystals of boron Qse-d; they were 
prepared by heating boric acid with 41. Accord- 


J’li'jnitics and Reactions. — Colourless, 
strongly fuming, liquid, lionets with H a O to 
form JJBrAq and II.,B(» i AH. Bonns a compound 
v. it Ii dry Nil, (r. Jllso Nick Its, C. Ji. 00, H00; 
(J«ut.i< r, C. R. (J3, 020). 

Boron, Chloride of. BCl v Mol. w. 117 08, 
(Dj "23) at 7G0 mrn. (Jf-gnand, Acad. 20, (5G8). 
S.G. n 1 -35 (Wiihler a. Devillo, A. <’h. [31 52, 
i-.J). V. I). f,M-2. II. F. [B, Cl", -101,000 (Trooflt 
a. Haute feuille, C. R. 70, 18ft). 

Formation. —1. By dirret combination of 
B and Cl (Berzelius, 2, 147). -2. By the 
reaction of Cl with B,O t and C at a red heat 
(Dumas, A. Oh. [2j 31, 430 ; 33, 37C).~3 By the 
reaction of II with dry 11CI.—4. By reaction 
between IlgCL, PI/CJ,, or AgCl, and amorphous 
B.-fi. By beating B.O, with PCI, to 160° lot 
some days (Gustavson, D. 3, 426; 4,975). 



KOOK. 


Praparof ton.—AxrwrphoM B i* hottod Ifl H 
onUl quite dry, then in dnr 01 (detail* v. Bobov, 
boomioi or) ; the exit-end of the tube is con¬ 
nected with a Y tube, the upper part of which 
is surrounded with a mixture of snow and salt, 
and the lower limb passes into a dry tube* 
also surrounded by *uow and salt. 

Property*. Colourless, highly refractive, 
liquid. Very expansible by heat. Fumes *in 
air with decomposition. 

/Inactions. --I. With water forms H,BO.,Aq 
and IK'lAq; (HOP, Aq] 73,200 (Troost a. 
ilautcfeuille, A. <!k. [.#] 0, 70). -2. Not decom¬ 
posed by heating with zinc-dust, to 200'’; or 
with sodium below 150°, ut 150 ’ B is separated. 
3. Heated for some time with KUperlicially 
oxidised sodium amalgam at 150 ‘ B in separated 
(OuntavHoii, If. 3, *120). 1. Heated with lM>,, 

the compound BUI,.FOCI, is formed (v. infra) 
(Giihlavnoii, If. * 1 , 375). • 5. Heated with sulphur 
trioxide, B.O, and SO.CL arc formed (Gustuvson, 
lx.).- 0. With alcidud forms B(OKt) a and HCl. — 
7. With NO, reset i to produce BC1.,.N()C1, JLOj, 
and O (Geuther,,/. j». !2] 8, 851). 

Combinations, J. BCl, vapour passed into 
POOL forms crystals of BCI.,.POCl, (Gustuvson, 
P. 4, 075). This compound melts at 73' in a 
closed tube; by sublimation it separates into BCl , 
and l'OCl.,; it is decomposed by water, or moot 
air, into H,P(),Aq, H 4 B(),Aq, and HClAq. The 
same compound is produced by the auction of 
BCl, with I'J),, and of B a () 4 with POCl., (G.f.c.). - 

2. With ammonia ijas gives 2BCI a .3NH.„ with 
production of much heat (Berzelius, P. 2, 117). 

3. The compounds BCI a .CNCl, and BCI,.CNH, 
nro known (Martins, .1. 101), 80; Gautier, (!. It. 
03, 1)20). 

Boron, Fluorido of. BF,. Mol. w. 08-27. 
V.]). 213-7. S. (0°) 10IH. 

Formation. — 1. By reaction, at white heat, of 
an intimate mixture of 1 part B..() 4 \^ith 2 parts 
Cal*., free from silica; Gay-Lussac n.*l’hcnanl 
{A. Ch. 01), 201) prepared BF, by this method, 
in 1810, using vessels of Hint, and colic-ting the 
gas over Hg. • 2. By heating l part B,0 4 with 
2 parts UuF. and 12 parts cone. ILSO.Aq in 
glass vessels (.1. Davy, T. 1812. 305); or 1 part 
B a O„ 1 part CuF s , and 20 parts 11.SO, (Ferrari, 
J. Ph. 11), 18). Prepared thus, the gas always 
contains Nil*’, (Berzelius, P. 2, l LG). 

Preparation. 100 parts KBK, are mixed with 
15 20 parts fused and tinelf pow<k i red B.O„ 
and the mixture is heated with eoifc. JLSG 4 ; 
the gas is collected over lTg (ScltilT, .1. Suppl. 
5, 172). 

Properties.-- Coloirless gas, with suffoeating 
odour, condense*! toa limpidtiquidat— 110° ami 
strong pressure (Faraday, 1. 50,152). Acts on 
orgnnio matter lik«* rone. IL.SO,; incombustible; 
not decomposed by electric sparks; does not 
art on glass; is very stable, not decomposed 
by Fe at red heat. 

Head ions. 1. with water forms borolluor- 1 
hydric acid HBF,Aq (r. infra), or Muoborie 
aeid HB0..3HK (r. p. 530). according as the 
BF, is passed into water until the reaction is 
acid, or until the water is saturated (e. infra). \ 
[BF\Aq] -24,510 (Uammerl, C. P. 1)0,312). ™ | 
2. Cone, sulphuric acid absorbs BF, (about 50 
vob.), on adding water boric acid is ppd. : 
(J. Davy, 2’. 1812.355).—8. Alkali, and alkalirx 


*arth, metals react at red heat, forming boro- 
fluoride* and B (Berxelioa, P. 9, 138).—4, With 
alcohol boric acia and ether are formed. 

Combinations. — With ammonia to form 
BFj.NH,, a solid body not decomposed by *ubli- 
mation; also BF,.2Nn, and BF,.3NH„ liquids, 
decomposed by heat, by exposure to air, or by 
! dry C0 2 , giving N.l, and BF r N'U, (J. Davy, T. 
; 1812.308). According to Kuhlmann (/l. 39,320) 
1 BF, also combines with the oxides of N. 

BouoriiUnHiiYmtio Acn», anl> Boiiofloouides. 
HBF„ MBF,. (Hydrofluohjric acid.) When 
! BF, is led into water until the liquid shows a 
| strongly acid reaction, and the liquid is cooled, 
; { of the B of the BF 3 separates as JLB.,0, and 
the rest remains in solution in combination with 
II and F. By neutralising the liquid with 
KOHAq, and evaporating, a salt having the 
composition KBF, is obtained. If the acid 
liquid is evaporated HF is evolved, and 
HJPOj.OHF remains in solution ( v. FLroBoiuo 
acio under Boron, oxyacios of). According to 
Lamlolph (C. It. 80, 003) the acid IIBF 4 may be 
obtained as a colourlcs?liquid, boiling at 130* 
with partial decomposition, by the reaction be- 
! tween BF, and unethol (C.Hj.OCIIj.CjII,): the 
, acid reacts with a little water to produce HFAq 
and HBOjAq. A solution of HBF, is also ob¬ 
tained by dissolving crystallised boric acid in 
dilute, cooled, HFAq. 

I Borokmjokiukh. These salts have been 
! chiefly studied by Berzelius (Z\ 2, 1121). They 
, are obtained by the reactions between (l) me¬ 
tallic oxides or carbonates and HBF,Aq, (2) BF, 
or HBO r 31IFAq uml metallic tluorides, (3) 
i HFAq ami metallic tluorides mixed with 11 HO..; 

J in the last cast; half the metal of the fluorido 
; usually forms an oxide. Most horolluoridcs are 
1 crystalline, soluble in water, decomposed by 
heat to BF, and metallic (luoride; heated with 
cone. ILS() 4I BF : „ HBF,Aq, and metallic aul- 
: phale, are produced; fused with alkali carbo¬ 
nates they form a mixture of alkali metal fluo¬ 
ride amt alkali borate, this reaction allords the 
1 hasii of a method for analysing the borofluo- 
rides (/-. Marignac, I'r. 1, 105). Many boro- 
11 uorides ar**. partially decomposed by water 
forming so-called basic salts, e.y. Ba(nL-’ l ),.2H :J O l 
Ca(BF,)., Pb(BF,). ; ; some -e.tj. the Ba or Pb 
salt are partially decomposed by alcohol; the 
aqueous solutions of several - e.g. NIL-BJ*’,, 

! Ca(lU*\) i --redden blue litmus. 
t Potassium bwvflnoride KBF,. Obtained as 
a gelatinous pp. by adding HBF,Aq to a soluble 
K salt. Prepared by Stolba ((', C. 1872. 335) 
by heating to boiling 1 part crystallised boric 
tici«I, 2\ parts powdered CaF ; , and 5} parts 
couo. 11,80,, cooling^ filtering, ppg. KBF, by 
addition of a golublo K salt, crystallising from 
•tot water—8. (<mld) 70. -Tho salt forms white 
lustrogs six-sided tables; may be crystallised 
from alqphol or alkali carbonate solutions; 
melts when heated, and at a high temporature 
decomposes to BF, and KF. 

The other borofluorides are A1,(BF 4 )^, 
NH,BF„ Ba(BF,) r 2H..O, Ca(BF 4 )„, Cu'lBFJ,, 
Pb(BF 4 ),, LiBF 4 , Mg(BF 4 ).„ NaBF„ Y,(BF 4 )„ 
Zn(BF 4 ).,. 

Boron hydride. No hydride of B has been 
obtained free from H ; but the experiments of 
Jones (C. J. 215, 41), and of Jouos a. Taylor 
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jO./. W, IXB), laaw little doubt tint * gaxeoua 
oydntU *ii*U and show that it* composition is 
probably BH,. 

Preparation.—An intimate mixture of 1 part 
reoentiy heated B t O, and 2 parts Mg dust is 
laced in a Hessian or iron crucible, the lid is 
rmly wired down, and the crucible is heated in 
an ordinary fire; a violent reaction occurs, the 
crucible is at once removed from the tire; the 
fused mass - a mixture of B, Mg, Mg,B., Mg,X 3 , 
and MgO—ia placed in a small flask along with 
a little H O, and cone. HClAq is allowed to drop 
into the flask from a stoppered funnel tube ; the 
gas is collected over water, or is dried by (’aCl, 
and collected over llg. Mg,I5 s may also be 
prepared by direct combination of B ami Mg, 
or by heating Mg in 1>C1, vapour (J. a. T., C. J. 39, 
214). The gas consists of H mixed with a very 
Binall quantity of B hydride. 

Analysis. A known volume of pure II was 
burnt, by hot Cut), to H.O, and the H ; l) was 
weighed ; an equal volume of the gas prepared 
as above was burnt in the same apparatus, ami 
the II.O was weighed; *he excess of 11,0 in the 
secoml experiment over that in the first gavo a 
measure of the II combined with 11 as 15 hy¬ 
dride. The results showed the composition of 
the hydride to bo BH r where x >2 and is ap¬ 
proximately - 3. 

Properties and Relictions. - Colourless, very 
disagreeable odour, sparingly soluble in water, 
solution seems to be unchanged on keeping. 
Gas burns with bright green flame producing 
H.,0 and 11,0,. Decomposed by pacing through 
a hot tube to B and H. Reacts with AgNO,Aq 
producing small quantity of a black pp. con¬ 
taining B and Ag, and decomposed by 11,0 giving 
B hydride. Reacts with K,Mn.,() B Aq giving 
MnO., ami H a !50 1 Aq. Combines with Nil, 
(cone. NH ;i Aq'j to form a crystalline compound, 
of unknown composition, decomposed by adds. 

Reference*. —Older attempts to prepare by. 
dride of boron : Wohler a. Duvillo (A. Ch. [3] 
52,88); Geutlier (J. 1885. 125); Gustavson (/.. 
1870.521) (r. also Reinit/.er, Sitz. U'. 82, 738). 
Compounds of 11 with parailin radicles are 
known, eg. Illit, (r. B«>jh»n, Oi-.oamc i>»:uiva- 
TIVEB of). 

Boron, Hydroxides of, v. Bourn*, oxtacii.s 

OF. 

Boron, Iodide of. Not known. Wohler a. De- 
?ille(i4. Ch. ;3'f*2, 00),by the action ot I on B at 
a high temperature, obtained a body which they* 
regarded as an oxyiodide. Agl does not react 
with B even at the melting point of Ag. 

Boron, Nitrido of. BN. Mol. w. unknown, 
as compound has not been gasified. Obtained 
in 1812 bv Balmain hvnrtdtmg B.O, with KCN 
U\M. [3 1 21, 170; 22, 487; 23*71; 21, I'll)) 
Composition determined by Wthler in 1850 (A. 
74, 70). % • 

Formation.- 1. By heating B in *N, or in 
NH,. ~2. By heating to whiteness a mixture of 
4 parts B.O, and 1 part charcoal powder in N. 
8 . By heating borax (Wohler, l.c.), or bone acid 
(H. Rose, P. 80, 205), with NH,C', or K.l’eCy, 
iW. l.c.), or KCN, or Hg(CN) # , or :.rea 
(Darmstadt, A. 151, 255).--1. By heating 
2BCt r 3NH, and passing the vapour, along with ; 
Mif, through a hot tube (Martius, A. 1011,80). 


i *• By bating th* compound of Bd, with N&gBt 
to 200* (GostavaoD, Z. (2] 6,021). 

! Preparation* ~k mixture of 1 part dafay* 
drated borax and 2 parts NH^Cl—or 7 pant 

B. O, with 0 parts urea (Darmstadt, f.c.)—it 
•strongly heated in a covered Pt crucible, tht 

finely powdered mass is boiled with much writer 
containing a little 11C1, washed with hot water, 
B O, is removed by careful treatment with 
HFAq (Wfthler, l.c., oould not remm • all 15,0, 
thus), and the 15N is washed and dried. 

Properties. -White, light, amorphous, pew- 
dor; insoluble in water; infusible; soft (like 
talc) to the touch; heated in the edge of a tliune 
exhibits greenish-white pho?.phmvsccucc; very 
stably ami very slightly acted on by most 
rengoats, e.g. by heating in air, (), 1. H, CO,, or 
t'S.„ or with cone. HClAq or JlNO,Aq or KOllAq. 

Reactions. — 1. At a very high temperature 
reacts with chlorine, to give Hl.U, (Darmstadt, 
A. 151, 255). - 2. Heated to redness in steam, or 
to 200° in a closed tube with writer. Nil, and 
JI,Bl) a ara formed.—8. With molten jurfash, 
NH, nnd K born to nre produced. 4. Witli 
molten juitasnum carbonate KCNO and KBO, 
nre formed, if much BN is used KCN is also pro¬ 
duced. 5. (\ri.i, s of l‘b, Cu , or Hg are reduced 
by heating with BN,with formation of NOorNJ.^ 
(Wohler, A. 74, 70).— 0. Heated with coho. 
sulphuric acid, or with cone, hydrochloric acid 
to 200° in dosed tubes, NH, and 11,150, am 
formed. 7. With corns, hydrofluoric and 
NH,.BF 4 is formed.- 8. Heated in an alcohol- 
flame fed with oxygen, BN burns to B.O.,. 

Boron, Oxide of. B.X),. (Doric anhydride.} 
Mol. w. unknown, as compound 1ms not been 
gasified. [577 j (Carnelley, C. J. 33, 278). H.O, 
1*75-1*83 (IMayfair a. Joule, C. S. Mem. 3, 57; 
v. also Ditto, A. Ch. [5] 13, 87). S.H. (18 1 ' 98°) 
•2371 (Rcgnault, A. Ch. [31 1, 129). II. F. 
[B ,0’j 317,200 (Truest a. llautefeuille, A. Ch. 
[5] 9. 7<*. * 

l’reparatr.m. By heating B in O, or by 
strongly heating boric aeid (»/. v.). 

Properties. - J-emi-transparent, colourless, 
brittle, inodorous, glass-like, solid ; volatilised at 
a very high temperature (Kbehnen, A. Ch. [15] 
22,211); volatilised in steam or alcohol-wt|>oiir; 
non-conductor of electricity (Lap?diin a. 
Tichanowilsch, P. il. [4J 22,808; Jiowgoin, 

C. R. 07. 79*). 

Urartians. Bfi, im very stable compound; 
it is not d^ornposen by heating with powdered 
charcoal or with P vapour. It is an anhydride, 
hut appears to show a feebly basic character ifl 
its reactions with certain acids (infra 8-8). 
1. Heated with putawium,solium, o r aluminium, 
metallic oxide and B are formed.-- 2. Mixed 
with charcoal and heated in nihogen, chlorine , 
bromi ie, or carbon disyl/d.i'e, BN, JiCJ„ lllir,, 
or B.8,, is formed.—3. Salts of most acids, e.g. 

. ulphftt'-s, nitrates, carbonat- , are decomposed 
by heating with B 4 0, to a high temperature, 
with production of borates and volatilisation of 
the acid (u. Tate, C. J. 12,180).—4. Reacts with 
most metallic oxides at high temperatures 
to form borates.—5. With wafer forms borio 
acid (q. v.). - 8. B,0, is said to react with 
fuming sulphuric acvl to form a compound 
.rB .O r ySO r f II.O; the values given tox, y , and t by 
different chemi»ts vary ; thus Merz gives the for* 
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S*U*okgir«ithe (onnttU«,0,J80 l .H/>(B. 4,15). 
This compound Is easily decomposed by heat to 
B,0, and SO,.—7. BA in said to form a com¬ 
pound with phosphoric anhydride , B a 0,.P 4 0,; 
this body is produced by heating together 
H»BO, and cone. H,PO,Aq (Vogel, 1870. 125), 
and removing excess of tin; latter by hot water ; 
it is also formed, according to (iustavson (ft* 3, 
420; 4, 07.')), by heating 11,0, with PCI, to 140 s 
for 8 4 days, and also by heating BA with 
POCI, to 150 ’-170" for 8 to 10 hours, distilling 
off the POClj.lJCrj formed ( v . Bonn?*, ciU/mnm 
of ; Combinations, No. 1) and strongly boating 
the reaid mil solid. B.O a .P a (), is said to bo in- 
ioluhlo in hot water, to be unacted on by acids, 
dissolved by boiling KOlIAq, and to bo decom¬ 
posed by heating with Nft, giving Nu phosphide, 
and probably phosphide of II. — H. A com¬ 
pound of 11,0, with tungstic anhydride 
(B a O v , jWO,.;rJl i O) is described by Klein (ill. (2J 
80, 205), v. ‘f iTNOKTniioitATK-s, under Tosoh wy. 

9. ii O, dissolves in hydrofluoric acid, forming 
JI/V ; H1'\H,0 ( If.lUVOlIK) (r. Framnonn: 
Arm, under It■»«••«, oxv.wms or, p. 580), 10. 

When a solution of 1 part II,O, and 2 parts 
KIf.G,HA in 24 parts 11.0 is evaporated to 
dryness ut 100'\ and the re mine in treated with 
alcohol, a white, amoiphons solid remains, in¬ 
soluble in alcohol but very solublo in water. 
This solid has the composition 0,11,00,; its 
reactions are similar to those of tartar emetic; 
probably it. is the K salt of an acid 11.0,11 A-OII 
analogous to the acid Sh.O,H,()„.OIi obtained 
by Clarke a. St alio (ft. 18, 1787) (t\ Meyrae, 
J. Ph. 8, 8; Houbeiran, I‘k. 8, 899; 11, 560 ; 
25, 711; 85, 241; Dutloi, S. U, 888 ; Vog.-I, 
,7. Ph. 8, 1 ; Jtobiipiet, J. I'h. (8j 21, 107; 
Wackenrodt r, Ar. I'h. [2] 58, 4; Wittstein, 
Ii. i\ 18] 6, 1. 177; l)uve, J. 1869. 510; Bint, 
A. Ch. [It| 11, .82 ; a. also under T.oaii^n s). 

Boron. Oxyacids of, and their Salts. Three 
definite hydrates of JUJ), appear to he known; 
0 rtlwborie arid l^OylUf 4> ( 11 ,Bl*,), met,ilh>ne 

acid Jt.Oj.Il.O ( II .11.0,), and p'.rohoic (or 
tetrahoric) acid 2H.,0.*ll',0( II 15*0.). Another 
hydrate 211.0,.211.0 was described bv Berzelius 
( S . 23, 101)' us obtain'il by heating IIJ’.O, 
'Considerably over 100 Most m- tailn: borates 
may be regarded as derived from ll_.lt.0,; some 
— r.g. borax from III»,<>,; a few are perhaps 
derived from 11.11,0.,, <y/.*t\i 1 B l <)|; and in 
addition to these sev. r il borates exist which 
at present must be regarded simply ns com¬ 
pounds of lVO, with metallic oxides (r. infra). 
All the boric muds uTc ‘ weak ' acids, their salts 
aro easily deeompostal by reactions with other 
acids ; the affinity of boric acid is extremely 
Final!, Nad i.O, in solution is entirely decomposed 
by an equivalent of H.tH), (Th. 1,209). Borates 
of the less pw.dtivo metals arc usually formed 
only by fusing together BA ami the metallic 
oxides. Many of these borates arc decomposed 
by water; some of them are partially converted 
into carbonates when exposed to the action of 
moist air; borates even of the very positive 
metals readily combine with boric aoid to form 
aoid salts, but these salts, although containing 
excciB of boric acid, usually turn red litmus 
blue; even alkali borates aro partially dacom- 
p©wd by water. Thomsen's thermal iuves- 


obtained by dlwoMng B,0, In water ii dibaeiei 
flraai— 

m[mNa0HA<i,B«0*Aa] 

1 11,101 

2 20,010 

* 20,100 

0 20,010 

The normal Na borate is tlu-rr-fore Nft.B.O,. 
When boric acid is added to a solution of this 
.• salt heat is produced; thus: — 

in. N a*B’0 'Aq ,m 13 *0'Aq] 

; 1 2.192 

4 4,911 

Acid salts aro therefore probably formed, but 
tho reaction of tho solution towards litmus is 
j Btill alkaline (Th. 1, 206). 

Obtiioiiojuc Acn>. If,DO, (Horaeic Acid j 
i Doric Acid). lsi/'j (Oarnclloy, C. J. 33. 

275). 

Occurrence. In the waters of many volcanic 
districts, e.g. in 1 u cany ; in many mineral 
springs; in combination with Na as borax- 
in tho waters of certain lake; in S. America, 
Thibet, Ceylon, Ac.; in sewrat minerals, e.g. 
borne ite (borate of Mg), bonnudut .ilcitc (borate 
of Ca and Na). 

Formation. 1. By oxidi-ing 11 with aqua 
regia, evaporating, di oiving in wafer, and 
recrystallising. - 2. By dissolving 1BO, in 
water. 

! Preparation.- 3 parts crystallised borax aro 


dissolved in 12 parts boiling water, and (after 
filtering if necessary) 1 part cone. II,SO, is 
added ; boric acid separates on cooling. The 
crystals arc gently heated, roorystallisi-d from 
I water, dried, fused in a 1’t crueible (to remove 

■ all If SO,), again recrystallised from water, and 
i dried by pressure between filter paper. 

! Crp,‘ities. White, semi-transparent lam- 

[ ins*; trielinic (Miller, P. 28, 558), monoclinia 
■■ (K'tigoft, Site. )V. 12, 28). S.G. ^ 1-434 
• (Molba, ,1. pr. 90,457). S. (If* 0 ) 8 9, (25°) 0 72, 
; (■■’! 5 ) 7 9, (50 s ) 9-84, (02-5°) Kv34, (7;V>) 21-15, 
j (87 5°) 28-17, (100°) 33 07 (Brandosa. Firnhaber, 
! Ar. Ph. 7, 50; v. also Ditto, C. Ii. 85, 1909). 
! S.G. of HjBOjjAq saturated at 15° 10218 
(Stolba, J. pr. 90, 457). Ileat of solution, 
| ll'BO\Aq] « -5395 (Th. 3, 190). Soluble in 
alcohol and several oils (Bose, P. RO, 262); 
soluble in warm cone. H S0 4 , HC1, or llNOj.Aq, 
but most of the boric aoid separates on cooling. 
|*Aqueous solution turns blue litmus wine-red, 
and turmeric paper cherry red; alcoholio solu¬ 
tion burns with green-edged flame. 

Head ions.-1. Heated to *00 3 H s B,0' 4 is 
produced (SchalTgotsch, P. 107, 427; Bloxam, 
C. J. 12,177 ; Men;, «J. pr. 99, 179); boated to 

■ 110® for a long time, or to 160 s in a current of 
ndry air, ll.B 4 0^s formed (Merit, l.c. ; Ebelrnen 

a. Bouquet, A. Ch. [3J 17, 63); heated to aboui 
300° the*oxidc 13.0, remains. Berzelius (S. 23, 
161) said that * IIJ3 A ( = 2BA-3HA is 
formed by heating H,BO, to a temperature 
' considerably above 100° ’; Merz (l.c.) affirmed 
the production of 8B ; 0,.H 3 0 at 270°.—2. Boil¬ 
ing cone. H,BO,Aq dissolves a few metallic 
sulphides and oxides ( Tissier, C. P. 39, 192; 45, 
411); decomposes alkali and alkaline earth 
carbonates (Popp, A. Suppl. 8, 10).—5. With 
alkalis and alkali-carbonates salts of the form 
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S» m«taHi« ulfai of the form 
»» owUioJy known i hence H,liO,Aq Knots si 
H*Bj0^q (n»*lso Brutes). Ethereal salts of 
Et.IiO,, M 0 .BO,— are known, hut 
none of them is directly formed from H.KO, 
(p. 530). 

Metaboric scid, FI 15 0,; and Pviciioric or 
Tetrabi.ric scio.H. 11,0.. Forme.) bv luatinq 
H.BO, (*‘- xupro i; glass-like, amorphous solids. 
Some salt* of II 15 O t are obtained by the reaction 
between II .11,0,Aq ami alkalis ; salts of 1IJ1,0 7 
tro obtained indirectly (t\ infra). 

Bolt ah:s. No borate is quite insoluble in 
water; the alkali borates are ury soluble. The 
lees soluble borates are easily decomposed by 
water, the easily soluble salts an* also decom¬ 
posed, but less quickly; an alkali borate, for 
instance, in cone, aqueous •vdution slightly 
reddens litmus, but when mud: water is add- d 
the litmus becomes blue. Solution* of alkali 
borates absorb CO, and IIS; they decniupoa* 
Nil, salts wlieti boiled with them; dilute solu¬ 
tions react with II;' ami "Ag salts similarly to 
alkali solutions. A few hmates can be obtaim I 
as definite, fairly stable. sa ! t» by precipitation 
from solutions ; K1NI O r 2iJ O separate* from a 
Solution of K.CO, in exee»i of l\0,Aq to which 
much KOHAq has l«en added"; Mgli.O, 411.0 
is said to he formed by the reaction between 
borax solution and MH-'N'O^.p The mole 
definite borates are gem-tally obtained by melt¬ 
ing toother 11,0, and ba-iie oxides. As a class 
the borates wry readily undergo ehange ; the 
composition of very many is therefore extremely 
doubtful. H. lbi;e. wlio invest ■.t■ d many 
borates, did md attempt to wash be- prepara¬ 
tions, hut pr< eil them ht tw* eii liiji r paper till 
dry, and thep’di t« uuined the quantity"' of tin* 
admixed foreign svts. M>._ t t,.»raT. - w. m to 
belong to tin tv.i forms M.MO, and M I»,<> ; 
many may Is* represented a; M l;o,..r!l It u 4 
and MJt.O ..- II ; a few 
may be r»;;«rd**d as i|< livative* of li. f l#<.> 3 . The 
best-murki •! borates are the salts of K and Na. ! 

Potassium bo rates. - f 1) Norma! me to- 
l/orate, K U O,. Morioeliuio crystals ia:b:t. - 
2*744:l:’2-t»7b); by nidi ip?, at white heat. 1 part 
with l'9.i parts K,Ct>,, di.-olving in water, 
evaporating to a syrup out of coi;!;o t witli air, 
and crystallising iScbabu.s, />. sti'-i::- ,v/:*/ <!>r 
Kru»iall’ic.stolt>n .Vi*. -Wien, 1>ii , 31 j. (2t 
Actd mehbuuit.-, KJ?.0 4 .H .K.n 4 .llJ >. lb milar 
six-sided pri-iu/.; by saturating l»*d!ing K tlO.Aq 
with BjOjAq, adding KOflAq to .■••irm:.'y ai ha- 
line reaction, evaporating, and cry .-tail;-.lug 
(Iiaurcnt, A. Ch. {'2 »J7, 21.0). Said to *..m< times 
crystallise with oII.O in rhAmbic prisms; and 
to lose H/) when In-at, I in a clo.-H d vessel.-- 
(3) Other acid w/f«. K,B.0 4 .*H.15.0,.t»l 1,0. ; 

obtained like (2), hut using h-ss KO!.*Aq. 
2iLB li 0 4 .4H,R r 0 ( .rdI,Oior 411 01, by adding 
■ B a O,Aq to boiling Jv,CO,Aq un.d solution has a 
slightly acid reaction (Kammclsberg, P.95, 109; 
Reissig, A. 127, 33). 

Sodium borates.—( 1 ) Normal »> ula - 
borate , N\,B,0 4 .1ff,0. Large monod nic 

prisms; by fusing 1 part dry Na,CO, with 1-17 
parts B.0, (or with 3d> parts cry,taliiscd 
borax), dis.jolving in water, and crystallising 

Vf*. I 


oatoioontaat with *lr. Melts el Wt u. 
with 3H,0 separatee on oooHog, Mow! wit 
No-F, in solution, and crystallised, the *a 
Na,B s 0 4 .6NaF.H 4 0 separates («?. Fu*o»omo war 
(Hahn, J . 18o9. 12d).~-(2) AcUl tneUiboratci 
j MiB i 0 4 .3H_.B i 0,.7H,0, lustrous, hard, crystal 
i lino crust, obtained by boiling solution of 1 
' rquivs. borax with 1 cqniv. N 11,01 so Ion; 
a- Nil, is evolved, anil crystallising (Bolloy, A 
t s. f?2h Na.RO.dH^B.o;.?!! (>, small crystals 
obtained by dL-niving in water 1 equiv. borai 
■ with iinjiitvs 11,1)0,, and orvsinih-ing (Laurent, 

| (.’. if. 29, A). |3) Orinoco:,'.' Na k BO,. Said 
: to bo burned by fusing H O, with excess cd 
NaOH (liioxam, C. J. 14, 113). (1) Tciro, oi 
ppro, borates, (a) Borax. Na i B t O..10ll k O, 
ordinary or prismatic borax; N».H l 6 l .riH. i{ O l 
<«‘falhdral borax. The f.irmer occurs native; 
it is obtained by purifying crude hoiax, or by 
fusing 1 i«art dry Na.t’O, with 2*31 parts H,1U)„ 
dissolving in warm water, and slowly crystallis¬ 
ing fiom a solution of S.<». H I -l*lf> (B.i*. 10P*), 
stopping wile**, the temper,ittirr has fallen to26 ' - 
30 . The salt with.hi ID separates from aqueous 
solutions of ordinary borax of N.(5.1*210 at tern- 
peiatnres between 00" nn<( 7‘d", or from super- 
s:ttuluted solutions of tin* same salt protected 
fiom dust, or from nqueoii:; aolutions of any 
ill-l.gtli evaporated at 10 1 to 1U•’ (derncu, 
7-d. t»s). Oid.luii;/ borax crystallises ill 
. larj.e, truiispaivnt, colourless, doubly r* fractivu, 
inouoeliiiic pi Lins (u:e:e ■ l , tt9!t. r »;i: , . r <0'. , 9. fl *. 

, 73' *j.Vi. S.ti. I t>9 (I’llhoh A. Ch. ;:tj 21, llfi). 
N. di ) 2 s, (20 ) 7 9, (10 ) 17*9, (<»0 *> 40 4, (WP 1 ) 
7n-J. (90 ) 119 7, (100 ) 201-4 (1’oggi.ib*, A. ch. 
(3 S. !i‘.3h ,S.U. i»f solution saturated at 15 ’~ 
i ul99 (eontains 30*491 boraxi (Miehel a. Kraft, 
.4. Ch. 3; 41, 471). Insol. in alcohol, llcst 
d; -app'-urs dining :olution; ;N.vll'OMtiH (>,Aq) 
23.HC.sf (I'humaui). 811. (19 ' f.0 ) -3HA 
(Kopp, T. ir.fi, 71). Ih frai tive imliccK (23°, 

. Na light*' fc . a -1*4 102, for 3«1'40 n 2, for 
j 7 S*471 - (holilraurch, IT. 4,1). The crystals 
| el‘t!ore-.*e in air ( -.•i-hng to Sims only when 
, they contain : - i. ,ui c.irhoimt* |; whim heated 
they melt an I give off 10114), Je.-.ving bund 
b-Oiix (Na > .B 4 B ; | l which melts at a red heat to a 

glass like ma-s (eit/ified bora.r) of S.(». 2'Ufi j 
expos* <1 to moist air tiiis tale* up lulf 4 0. Solu¬ 
tion of borax in wafer is alkaline to Jitmua ; it 
tli -advt.s many oiganic compounds more readily 
than \sliter,c.^.ben/.o*eacid and gallicm:id; some 
compounds ji'-olnbie in n .t- r di rolvy in borax 
f-ontmli, C.tj. - ti;. j.- ; u :id, xurioni. j turns, rcsinK, 
and oils; As,O tl di. .*olves usily; silicic acid 
only v>*ry r !: 'ht!y. Molf^i borax dissolve)) 
many im taliic o,i.jr s *.ud Falls forming fusible* 
double : alts; In nee it s mu- as a ji.ix, and also 
in analy.-is. (.'lystab: of earundmu were ob 
|i: .! <1 by Kla linen [A. '.Mi) by diK<>olving 

Alt*., in molten borax, and cry.dais of rutile and 
hi‘{;iinite by dissolving TiO. uid HiO. ; , respec- 
?.\ely f in the sarm* lo’vent (.». Hoar, J.pr. 101, 
2-‘H; 10h, 20H). ti,- 1 hednil borar ery tallisns 

in hard, Iran jmrent, regular octahe-dra. H.G. 
J-H. Unchanged in dry air, but in moist air 
changed to prismatic borax. Melts to a glass- 
like mass. 

(hi Amorphoui? tetraborate. 
Na 11 B l 0 r .4Il.,0. Obtained according to Schweizef 
(A. 76, 267) by cvnitrating aqueous borax 

MM 





•olotion *t 100® And drying the re»tdo« At tb« Siiper.-~Ag^-O r H/)* l SAgjO.TBjO, (Bose).' 
seme temperature for a long time. Strontium,-- SrB*0 4 ; SrB 4 O f ; 3Sr0.2B.,0 a i 

(c) Na 2 B|O t . 6H s O was found by Bechi 28r0.3B,0, (Ditto). —88rB I 0 4 .21I t B x 0 r 5H,<y 
(Am. S. [2] 17,129; 19,120) in an old lagoon; (Kose).—8rB,0 4 .HD,0 4 .8H 3 0; 
it has not been prepared artificially. • SrB : 0,.3H 2 B 4 O 4 .3H.O (Laurent). 

The remaining borates have been chiefly Zinc.-Very vogue (o. ltose). Biischer (A. 
investigated by Berzelius (S. 23, 100 ; 1\ 2, 113 ; 151, 231) describes tho double salt 
9, 433; 33, 98 ; 31, 551); Arfvedson (dm.- AT. Zn0.4Xff 1 .2U ]l 0 J .r,H i 0. 

0th ed.) ; Gmefin (». dm .); H. Bose (P. 9, 170 ; [? Samarium borate. SmBO, (Cldve, Bl. [2) 

19, 158 ; 80, 501 ; 87, 1, 470, 587 ; 88, 299, 482 ; i 43, 170.1 

89, 473; 91, 452); Wdhh r (/'. 28, 525);! Fmjohokic Acid, ami Fr.foimuTKS. B.,0, ap* 
Btmumdrberg (/*. 49, 115); Kbelmen (.1. Ch. !8j j pears to react ns a feebly basic oxide towards the 
10,129 ; 17. 51; 33, 81); Bouquet <A. Ch. 13] anhydrides of a few acids, c.ij. ,S0 3 and P.O, (o. 
17,54); Boll vyfA. <‘-8, 122); lleiapalh (/'. M. B«*iw»n, oxide o y, lira,'thus. Nos. 0, 7). lIjBO* 
[8] 34, 875); Laurent (A. Ch. !2j 0.7, 215); dissolves in cone. HI'Aq ; hv concentration, and 
Tissier ((.'. U. 39, 192; 15, 111); Bloxmn (C. ,1. cooling over JI.SO,, a thick syrup-1ike liquid is 
12, 177; 11,118). For an account of various obtained (S.G. 1581) containing II.BA),and HF 
supposed compounds of MO with B O, v. Ditto in the ratio 11 ,B,O,:0HF. This liquid ia gene. 
(A. Ch. i5i 80, 218). Tim following are the rally r* garde 1 as a definite acid, called fhio- 
salts whi. h have been chiefly examined; hut tho j baric arirl. This liquid chars organic matter 
composition of many ia not m tiled. j like 1LSO,. Tho same D mid is obtained by 

Aluminium. 2.iH> Jl .B ; <>,.811.0 ; • saturating water with J1F, and distilling (Gay- 

8ALOj.2IUh.7H/) (11. It.*, e). - 8AI/) r B/h Lussac a. Th.'nard, liccherchcs jdiysico-chi - 

(Kbrlimn). iiii</ur.-i, 2, 88; Berzelius, 1\ 58, 508; 59, till). 

Ammonium (Nii 1 )..IM) l .II..B.,O,.2lf 1 .0 (also Tiie liquid is decomposed by waterinto HBF,A<j 
3H/>) (Arfvedson). - (Nil,)J5./*),.5II Jl/> r 4iI a O and li.JBO, (r. Bonn m ouiiydiuo acij*, under 
(Bechi, Am. S. (21 17, 129 ; 19, 120). Boicn, rurouioi; or). If this liquid is neutral- 

fNH l ).B.,O l .8II B..0 4 .31U) (Grm.-lin).— isod by NnOilAq or KOJIAq,and tin* solution ia 
(Nil,) Ji* x (VlHAO l .2H,0 (Kammelsbcrg). cvaj.orated, the salts M.B,O r 0Ml , .lLU(M«Na 
/»um/w.~Ba.B/) 4 .10IJ.0 f llerzidius).- or K) are obtained (Berzelius). The same s^lt3 

BulV.0,.11/) (ltose). — BaB.t) r ll .15.0,.111 .0; an- also formed, whi n M K by fusing KF \vijth 
Bal k/),.211. J LO,. 1211/); 2BulU) v ll*B.p i .l 111 ,0 II .BO.,, and when M Na by crystallising mixfd 
(Laurent).- Ba/BO/..; 2BaO.fl.(5,; fiBa(>.2B/"h oiutions of Na.ILO, and NhF. It is very dou$t- 
(Bloxum). 2BaG.3B/h; BaB/), (Ditie, C. U. ful whether the so-called ilimhoric acid iaia 
77,788). definiteeiunpound or not. Aeuording toBasarojfr 

Cadmium. (\ill/) 4 ; 2CdB/),CdO.,lL.2lJ/) . ((’. It. 78, 11598) the liquid pn-pated as di- 
(Ilose). scribed is decomposed by distillation ; at 140’ 

Calcium.— HF, is given off, at 100° to 170 ft tjick, 

CaB/) 4 .2H/>; 2C'alL0,.TLBj0 4 .lH .0 (Bose).— heavy, fuming liquid (S. G. 177) cornea'over, 

('al) v O,.H..1LO, (Tiinnernmnn). at 175°-185° a less fuming liquid is produced, 

CaH/),.3lf.B/),.011.0 (Laurent).— and as the temperature rises the distillate 

CttlBO,; 9 ('h 0.2B..(), ; 2('n^8H|O l ; baronies lighter and fumes less in air. The 

3Ca0.8M' , 0.1B..O, (Ditte). heavy distillates are decomposed by water 

Col ail. 2CoB ; 0,.('i*0 ; U ..811.0 (Bose). with separation of il.,150.,. The salts obtained 

(-fip/JiT. Composition very uneertain (v. by Ber/.elius are separated by crystallisation 

Tdrmenn/mn, Bose, Laurent, Bolley; also into MF, which crystallises out first, and a 

IoBoiix, C. H. 01, 120; Pa'-teruack, A. 151, 227; mixture of MF with M..D/), (Basarow). Solu* 
l’oussier, It. 0, 1188 ). tion of the so-called acid rend ; with AgN0 3 Aq 

Ditlyminm. DiBO, (Pit vr, Id. .2] 48, 301). to give Ag/LO, and Ag/). Basarow regards 
Iron.- Fe(B ; 0,),.811,0; found in a lagoon- lluoboric acid as a mixture of 11.15 .0, with ilBF, 
crater (Bechi, .l/u. S. [2] 17,129; 19, 120), andilF. Landolph (B. 12, 15855) describes tho 
Basic salts of uncertain composition are formed ! bodies II,B/),.3IJF and H,B/)„.2HF; tho first 
by the reactions between alkali*Aorates and i is obtained in small quantities by the reaction 
solutions of ferric salts; borates of Fo and Ni*; between BF 3 and C 4 H I(> , the s.cond is one of 
sc**m to he produced by ppg. iron alum with i the products of tho action of BF 4 on hot anethol. 
alkali borates (Bose). ; Both bodies arc, fuming, acid, liquids; they 


lead. PblJ/) 4 .lf B 0; i4Pl)B..(),.M JB/) 4 .9H/); ! seem to he fairly stable ; tho first is unchanged 
PbB/.),.H .BA),.3110 (llerajmfh ; r. also Bose), by distillation. 

Double sails : PliB/) 4 .rtyNO :i V,.lLO ; B «!S(*TUNcisrATKf7. Many compounds of tho 

PbB/),.PbPLH .0 (lierapath). I fornu'B.O J .^<h.-MO(M() -metallicoxide)have 

Maanesiurn.- Mgn/.),. Ill : l); been obtained the acid B18aq 

Mg BO,.211.15,(),.()»1.0; MgB 3 0,55ir.lLO,.8H..O; | ha^ been prepared. The principal borotung- 
MgB.0,,511 .B,0 4 .13U ; 0(Laurent; Bammelsberg). states will be described under Tunostkn as 
*~ MglL0,.8H a 0(Wohler). - Mg,| BO,) .(Khehuen). . Tcncstohoiuti’s. 

Double salts: OMgO.3X.Ah.215.0 3 (X=- C'r or 1 Defection and Estimation of Boric Acid. 
Fe) (Kbelmen). Ditto describes various com- ' Free boric acid is detected by its action on 
pounds of the form a’MgO.j/CaO.MLO,. turmeric paper, or by tho green colour which it 

Hick, 1. NilV : 0,.2H a 0 (Bose): also various imparts to the flame of burning alcohol; borates 
vague basic salts. do not give these reactions, therefore the^r rnubt 

Bu’ kimm.-- Bb i B 4 O,.0iI J O (lteissig, A. 127, bo decomposed by H SO,Aq before applying the 
b8). ; alcohol test, or by HClAq before applying the 



brassio Abm m 

^Miuiono paper tost, There U no rtrj «atia- | 2B(OEt),+3ZiiJ!e,-3BM* < + 3Zn(OEth (Frank- 
.Victory method for eaiimating boric acid. Tha land, 0 . /. 15,373). Pungent gas. V. at. sol 
most insoluble salt is KBP*; it is obtained from j water, v. sol. aloohol and ether. Tabes Are in 
borio acid or borates by adding excess of air, turning with a green flame. Not affected 
JCOHAq, then evaporating with excess of llFAq, by cone. Jl,S0 4 or by HI. Combines with 
dissolving out sulphate, nitrate, Ac. of K, by potash forming BMe,KOII. Combines with 
KC.HjOjAq, washing with alcohol, and drying ammonia forming BMe,XH« [Mb'; (1 Id*’). Coa¬ 
st 100 . Marignac (Fr. 1, 40o) evaporates th * bines a! <» with Nal>ll, Cat), and Bat), 
solution of the borate with excess of N If,Cl Aipuil $orou tri-ethide Blit,. Mol. w. OS. fff/*°). 

MgCLjAq, with various precautions, und finally S.(i. *•(Vjii. V.D. 310 (calc. 310). From 
obtains a mixture of MgO and Mg borate in MCI, or B^OKO, and ZnKt ; (KnuUand, Tr. 
which he then estimates the amount of MgO 1^*12, 1*17; 77. 25, I Bung *it oil. Takes 
and so gets the amount of b.u ic acid (r. a!-o lir«* in air. Slowly decompil'd *«v HCI, evolving 
Ditto, C. li. St). MU) a. 5ftl). As boric acid t (Ml,.. Violently attacked by chlorine, 
interferes with estimation of some otln-r bodies, ; (V-'f/u~i. With awn.mi .i it forms 

t.g. phosphoric acid, it is sometimes nms.-.oy a liquid 1U- 1 , Nil,. ‘J. By careful oxidation, 
to remove it; this may he d-ui" t ither by boiling fsr t in air, then m oxyg. u, it forms an oxide 
with alcohol and il_S0 4 A«j iKt.lU), goes oifi, or Blit.O., (PJ.V 1 ). Water d<vnmp.>-cr< this oxide, 
with HI-' and H_SO,Aq iBl*\ goes otfl. K,>-ui- formiiig et hyl-boric acid, Bllt^)ll) z . Klhyl- 

bladt (Fr. 2i», H) descr.l. a niithol ba ■ d on boric acid is m-daHinc, and may bo nub- 

the volatilisation of bore acid by ion limed; its solutions are acid, but it does 

with lucthylic alcohol; the method give-, good not form sails. A compound BI’.tiOKt) _B(t>Kt), 
results (r. nlso <1 orh. C. X. 55. 7i. ' (e. 112 ) appears to be formed by the action 

Boron, oxychlorides c*. Two are known, * <-i Ziillt (1 mol.) mi boric ttln*r; it is decom- 

BOCl and BOl.’i,; m it her exists as a ::n ; both p"M-d by water into alcohol, BKt(t)fl); and 
iue decompoo d by heat. BOC1 i- a win!.- B|t)IJ), ; and by ZnKl. it is converted into 
gelatinou . M>:-.d, obtained by heating IM). w.th MKt p )Kti( l«i;t ), which absorbs oxygen, bocom- 
BUI,, in the rati > M.<»gllU'l,, to lot) ; at a hieh ; ing BKt|OKt) . Di-ethyl boric ether, BKt,(OKt) 
toiuperature it i• div-ou posed to BCl, ami B O, is inpnuimd l»v water, and the acid absorbs 
(Uustavhon, yf. I*'?*). .VJl). BOC1, i- -1- -inir l ' «»\>r* »>, humming crystalline DKt(OKt}(Oil), 
as a ydlowidi-gr. • n liquid; it was ob: tin- -I, w ui.-b is convert, d by water intocthy I-boric acid 
along with !»(.'!_. by j -1 - -in » Cl o\<r a l.eg.d UKtP>JIj ; . 

mixture of B O, arid C, n moving Cl front the Boron-phonyl-di-chlorido (',,111101... |ahout 
gaseous |.r.il ! iefi by Cu turning-, c.-nd.-n.-ing, <* '. (17.*» ). Prepared by heating boron tri- 
And removing lU i, by evaporation (t'ouneb-r, chloride with mercury di phenyl at 200* 
J. pr. [2] H. The conditionsun h r which ’ iMichrn-lis a. lecker, 77. lf>, 1H0). Colourless 

B0C1, is formed are not definitely known; fuming ilui 1. By the action of wafer it gives 
Counclcrobtained tie- h«-t result when relative Iv jilii-nyl-borie. acid, and by tin* action of alcohol, 
little carbon wa. used, and a faiily rapid stic.im : plmnyl-borie ether. 

of Cl was iia .-ed through the tube. Boil, is j Boron• />-tolyl-dicliloride CJI.B’H,).BCl,. 
decomposed by beat into BCl.,, B.O,. and Cl; 1 127 ;. Colour!* s crystals. Prepared by heat- 
und by wat'-r to 1I.BO,, 7101, ami Cl. No >>\y- ing boron tri chloride with nn-rcury di-p-tolyl 
chloride of B ir formed by the a -tion of ozone (Miebaelis a. Becker, Jl. 15, 1H5). 
oti BC1„ or by passing electric :-•} ark-. tiuvugh a BORO-TARTAR EMETIC t*. Boiion, oxioh 
mixture of BCl, and O (Miehai-lis a. Bi elo r, 11. «»k ; ii .h'tuuis, N1U; also umb-r Taiitiutk.#. 
14,9M). BOROTUNOSTATES. Compounds of the 

Boron, sulphido of. B S,. Mol. w. unkn",vn, : form jB < ,t> 1 .J/WO. ) .rMO(M-=>metal), v. Tonosto- 
as compound has not been gasified. ; m-uvii.s, under Ti nostk.v. 

Form>ii >n. ■■ t. By Imaging M in S vapour to ; BRAS1LEIN v. Biuziuci.v. 

white beat (Ber/* lias, 2, llop —2. B\ gently j BRASS v. CoI»j*kh, Ai.l*>Y8 of. 

heating B iu dry II.S (Wohbr a. Dcviile, A. 10), ! BRASSIC ACID 0 Jf,./),, J’reparcd 

72). ‘ by just mepigg its i.-omeride, erimic acid, with 

Preparation. Small pellets arc made by dilute UNO,, ami adding t-odium nitrite, 
mixing powdued jf.O, with soot ami oil an 1 ,1.ami me (from alcohol). Combine * with bromine, 
heating out of contact with air; these arc Potash-fusion gives arachic acid, 
heated to full redness in a poicelain tube, in a : Salts. NaA' : liunimi* (from alcohol), 

stream of dry CS^; the tube is coum .-l- d with ' Ethyl ether Kt.V: f-ibove 30(1°); 

two Binall t!.i-k - surrounded by pho-.v and salt, glistening plates; obtained by etlnriiving the 
The BjSj collects on the surface of t)» c..;i i, ns»:d /i<-id or by the acti-*n of nitrous acid upon ethyl 
CS 3 ; it i.H separated from CS_. nfd diied in an ' Irucaf-:. 

atmosphere of 11 iPn-my, A. Ch. [.3, 3d, ! Ctycerin-di^brat,sic ether CjlI.fOiljA^: 

B^S, is a white solid (with a yellowish tinge, ' lihrmr.i-Iin) fbo°j; crystal , fil. sol. ether. 
Freray), consisting of gnuijis «f'amaU crystals; Formed from glycerin-di-crucic ether by nitroua 
it smells strongly, ami its vapour ads on the . Acid. 

eyes; it is rapidly decomposed by moi-tur*. to j (tlycrrin-tri-braatiic ether C.,1I % A',; 
B.O, and HNS; it may bo melted in an atmo- ! Tfthiassi-Hn. g!7 j.afterlieatirigNifl 0 ];colourless 
sphere of II, ’and volatilised in a current of HS. crystalline powder; v. sol. other, nearly in sob 
M. M. P. I. alcohol. Obtained )>y the action of nitrous 
BORON, ORGANIC DERIVATIVES OF. 1 acid upon rape-seed oil, and crystallisation 
Boron tri-methide C 4 IP,B »>. BM<\. V.D. 1*91 . cf the solid product from ether. 

(oalo. 1*93). From ethyl borate and ZnMu., thus: i Amide C 4 ,H„.CONJI 4 : [90 J; colour! e»| 

1 mm2 



n«eme«i.„, w , 
we anhydride, 


f n *»^.OaH fl .O°NHPh: firs 1 ’]. '' rei b rNB 

a^jffsfSfiisrts s£^^r» » 

•leohol and water, formed by the actionflf I a! 27^100] ,0r °' glyoerio •“'<» 

•' ™ al l«oIourlea S noodles 

[too;, ,‘r^^fc < S^O|;«..( 0 A.)A, 

.. .L e . tra :. acet yl-derivativn r. it o-.. ' 


2!® ."V—" ° u “ “‘ uw 8na Benzene, fijsol. 

1 water; formed by the action flf 
rU, upon brassio, add and subsequent addition 
of alcohol (Hcimcr n. Will, D. 19, 3320 - cf 
we*y, J. pr. 58,419; Hausskncoht, A. 143 ,’ 4 « 
ritz, B. 1,411; Ooldschmiedt, Sitz. B 74 #) 4 ) 
MAMYIIO AOIB o,,^. Mol. w. 210.' 
ii„ i' i 1 un ‘ loJ ’ toifethnr with its aldehyde and 

HN« b o ' t T° ¥‘' 1 ’ by ‘ ll0 notion fuming 
HNOj On bcicnolic acid (Hausskncoht, A. 113 

.^^Z, V * ,L BoK cold -“»■ - 

Salt a.—Ca A" :»uq. - Ag a A''. 

brassylic aldehyde c„h..o,. Tho 

chief product of tho action of fuming IIXO, on 
bchenolio acid (n. siqmi). Oil, lighter than 
water, volatile with steam. Sol. N’uUJfA.i and 
refill, by HOI. Oxiuisod by bromine to brussylic 

BRAZILEfN 0„ir,.,O i H z o. 

formation.- liy the oxidation of brazilin by 

teErKSrse^'S'; 

nii ) i . urK ' x mi 

solved in hot water imd'after,^^^^ 

OXCCHB IS 11,bled. Tim U.. M 11 


,,,voiuuness noodles. 

If ^a-accty 1 .derivative, C, £1 (OAeW».' 

um s needIea < Bachi;; ‘ a - Emk!'a 
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V ' ARB0 B-A-BnEA. 

BRIMSTONE v. Sotiuxoa. 

BRITANNIA METAL v Tiv ... 

JSKK *• 

BROMAUDE CjH.,Hr,0, i.e. 

CI!r s .CII < C 00 >C[IC]3rj Tri _ hromoHhyi _ 

I'tew. tn-bromo. lactate. [158'’]. Formed bv 
| heating bro,mil hydrate will, II ,KO,; or by warm 

,i ,Monochnio crystals, insol water 
sol. ether. Decomposed by alcohol. * K 
BROMANIL 13 TETllA.llItOMO.yoiNONE (a V ) 

BROMATES AND PERBROMATES -Salt. 
oxvamoTo “ Perta0mi ° acid9 1 "■ . 


W T„ .aoiuuon 18 oxnosed to air 

when ,1 pp. m formed which is crystallised from ■ I M0 ‘- w - 

hoyhlute a etic llci(l (1I „mmcl l A 0 ■“,[ 1 j 1893. 18 ( 1 ), y. D. 39-1. 

C.J. 41. .17.11 ■ < *> to 0 at7b0 min.)about 1190; S. (-25° 

to 0 at 2 min.) about 345 (lloozeboom, It. T O. 


C.J. 41, 373). 

Properties .-Minute crystals with grey lost r ,. 
Reddish-brown when powdered. Very sliehti; 
an n do m cold water, more, so in hot water. The 

Bolutiim is yellowish.pink with greenish-ont. 

.lores,io,ice Alkaline solutions am S 

riu, but slowly turn brown in aj r 

U hwt acetic arid bo 

Bkml} luhio.l to ft Solution in cold cone. J| SO 

U,,ll„0,su, | l. aro got. Its alkali,,,, solution, 
J * , l 11 '"" ‘imclily turning brown i„ „j r 
Alcobol turns iso-hm/.ilein »ulpb„lo ,,,. llr |, 
forming ll,,-1,,ism salt 0 K U,.0.2it!, II 1 ) ho in' 
3. Cone. HOI „l nun r.l" V.'T ' . r 


a. Cone. HOI at Hill • f,,rms'CJI,,(i Cl An,l,,to 
red prisms will, violet.Ire. . all, ,1 iso-bruzile ,, ' ''••"'•'lit.. 

Ilr&xilcm 
rcftctioiH, 

(tlie B wf Z | IL f I J I C “ I > I * |0 f 0ce " r3 in Rmzil.wood 

wood (from c.e.s,,!,,,,,,',, (Cbeuvnl, A , A 

6h, 2.1,; ho,.,.. II «, 447 ; Holley, J. j„, 

f’^urn/nui.-ThAliirk brownish-red cru.sls 
deposited during the preparation and storage ,/f 

o' 


:1b, 1 ® 2 !- »:>, [H,3,440; [iI,Hr,A,j|» 

-8e!7fi , [ll,l,r.\,|J = 27,837 (T/l, o, 29). 

<■l x At ' wt ' = a0 0 (Gladstone, T. 1870. 9). 
II and Br do not coinhino at ordinary tomiiora 

t„*s even in direct s,mli.dit 3 lompora- 

Rr™Zr"'°o homing H charged with 

”y pacing a mixture of PI ftn d 
«. 11 oiimI t; , f o tl ';, t, “ ls °! 1,1011,011 »• Harding, 
on l[ an.l Hr i } i l .*°.f cl ‘ on . of "b'etric sparks 

. 1 . , .'.‘I- !, y the action of Jir 0 n H.O 

such m"V V'Vb 1 ^ 011 ? ° f oxillisa,)le bodies 
' " As ' or lower oxides of these 


, ' oxiucs or tneBO 

,'s a,|ueo„i. solution is orange. -- » ''»t l»h' iKZ!® “3 hW 
t H i tans, siitlihirl,H ll( i, lir . , '//,1’^’ »-•« Into Hr and ir.()’ (Naumaun 

B ‘"" nmk ' m «’• -•» in “-i HXt.'irhZr* , i 

.. - : o', N ;'- SO ‘ 'tit: 478“or"Na'sc' 

V li ' H.OeRr.i, 

0 11 , ,,-Vi8G,A,] + .S , 2IM)rA,i). 

(ChajSr&taW^r" “ 1850 

unS‘'HPm'rV Whl '' 1 -Hxantitlea ar. 

A Hrm/lLiVm'r n® M " y ‘ ? 


,.o" J'raau-wood consist of iv,mired 1 r,V '"‘e'* smau quantities an 

r \ a 'i' !? J !"'° oompouml. Tho crusts an 1 Ili-mllO ih n P 2' |, 'V roJ ''I' tho action of I 
aro washed with dilute (5 p.e.) HC1 and then ; \ , m) l , l /°(4lf s O + P + SDr-.IIjlh), + 6HBr) 

extracted with very dilute (12 pi.) alcohol. anile"-Vllulo R^’"* ? tir ? e3 at aboI,t a ri « h ‘ 

* \ l0 £ rtifs *— Colourless crystals (containimr ' (ot 1 * is placed m one bend and a 
H). Sol. water, alcohol, and ether. Turns i mat-£!!*? P in the othcr ; pieces of glass 

aqueous' nhO II in'^l'I.,,? ’ «>* oUhi^S 

iiuc-dust, but reoxidised to brazihun by air. ; tube ‘.To^h."^ ind° tt o°£ Si otto 



BROMHtDKlC A0HX tt* 

Ubc i* eloied by acork. The Br ia than very than 47 p* HBr it distilled at 790 am. 
P«tWy wanned; the reaction occurs when the Br H,0 is evolved, in each oaae the B, P. 
vapour reaches the moist P, and the HBr passes becomes oonstant at 196° and the eolation 
off through the delivery tube.--2. When larger contains 47-38-47-80 p.e. HBr; the composition 
quantities of HBr are required it is advisable to of this liquid is almost exactly that expressed 
use amorphous P. In a llask fitted with a cork by the formula HBr.511.0 (V. 1>. - 11-1 agroeing 
carrying an exit tube and a nuall stoppered ‘ with V. D. calculated for liHr 4 511 0) ; but it 
separating funnel, is placed 1 part amorphous is not probable that tin* liquid ams-Ms of a truo 
P mixed with Kome dry sand. th. P i.i moistened hy*lr.iti\ as the oiinpositmn varies with the 
and then cover. 1 with a layer of dry sand pie -tiro; thus if the pressure is I.pvy Mint, the 
(Lmnemunn, A. 101, l'.H the «xil'tube is constant lb P. is 153 and the liquid contains 

connected with a (J tube nearly tilled with glu-s i»P:i p.e. HBr (.**. Jio-.c.»e. A. Hi'. 203). If dry 
beads moist-'-m d with cone. HBrAq and pie. . .; air is passed through HBrAn at a constant 
of ordinary 1* (any Br which may come over is temperature, ci! In r 11 Hr or lit) is r. moved, and 
converted into HBr in this tube); this is the composition becomes constant; at Hi' the 
followed by a drying tube containing C.iCL or liquid litmlly contains 51*65, and at 100 ’49*35, 
PjOj, and from this a delivery tube passes into a p.e. HBr (Boscoe, /.<*.). The S.ti. and p.a, 
dry cylinder tilled with dry Ilg standing in a composition of HBrAq are given in the following 
Hg trough. Ten parts of Br arc placed in the tables (Top.sbe, B. 3, -101; Wright, C. A'. 23, 
separating funnel and allowed to drop slowly 212). 


into the lla^k; HBr is evolved. Towards the Tcui; 
closoof the operation the flask is gentlv warmed. ■ 11 1 
If it is denied to prepare an icpi. "us solut on ' 11 
of HBr, the (J tube is fitted with an exit tube ; 11 
• 'passing into the tubulus of u retort placed i 11 
vertically and arrang- d so that the beak dips a i 11 
little way un-h r the suiface of water in a bottle; \ II 
should the flow of HBr slacken, the water rises ; 11 
into the body of the retort but cannot flow h ick i 13 
into the generating vc-scl. 3. By the action of j 13 
eon. II_,P0 4 .\q on KBr; 1 part KBr, 1 parti 13 
H,P0 4 , and 3 parts 11.0 being used (Bertram!, 

C. It. 82, 00). -1. By decomposing the bromide 
of an alkaline earth metal by H.S() 4 Aq; Ber¬ 
trand Ur.) employs two parts CuBr., 2 parts 
cone. H.S( ( and 1 part II.O. If an alkali 
bromide is u ed. the HBr contains mud* Br and 
some.SO,.—5. An aqueous solution of HBr may he 
obtained bv .«* 5 >:/•/.'/ adding P in small pieces to 
Br mixed with a considerable quantity of water ! 
in a vessel -•irroun.led by ice, then addin ; a 
little more Br and then a few piece-. ..f P (re¬ 
peating if a strong solution is requited), atnl 
distilling from H 5 I’0,Aq (r. Tops.ie, If. 3, -i0<1 1 . 

Pron'rtir::. HBr is a colourless ga<, with 
pungent, acid, very irritating, odour; excites 
inflammation when applied to tin; skin ; Bums 
in moist air; dissolves very largely in water; 

V. infra) is absorbed by, and’ melts, ice ; at -73 ' 
iquciies, and then crystallises. M. l.-< m; (('. It. 
77,781)obtained liquid HBr by saturating wood 
charcoal with the gas (1.0,500 gram-units of 
heat are produced for every 81 grams HBr* 
absorbed, Favro, A. Oh. [5] 1, 200), placing tin* 
charcoal in one end of a closed glass tube b- nt 
to an obtn-e angle, the other end of which was 
well cooled, and heating the charcoal in a water 
bath. An aqueous sol j turn of HBr form, a 
Colourless, strongly acid liquid ; tfie affinity i 
very little loss than that of HbfAq i*. Ai iimiy. 

The cone solution fumes in, b it is nfct de¬ 
composed by exposure to, a r. S.(i. of solution 
saturated at 0°~-l*7H; 1 c.c. contain* 1-40 
grams HBr (*=8202 p.e. HBr by w. ig'nt) wliich 
almost agrees with the composition calculated 
from the formula HBr.H 2 0 (Bineau,^. if, 237). 
Boozeboom (It. T. C. 6, 303) lias obtained 
the hydrate HBr.ILO aa a solid at low 
temperatures and under a pressure of 3 atmos. 

If oonc. HBrAq is distilled at 700 rnm. pressure 
HBr is evolved.- if HBrAq containing less 


'j. 

J\«\ HHr. 

T.Miin. 

. s.n. 

l*.o. U Hr. 

1 055 

7*67 

13' 

1*302 

33*81 

1075 

10*19 

13 

1*335 

30*07 

1*089 

11*91 

13 

1*319 

37*80 

1*007 

12*90 

13 

1*308 

39*13 

1*118 

15*37 

13 

1*119 

43*12 

1*131 

ir.*j)2 

13 

1* 131 

43*99 

1 HU 

20C.5 

13 

1-438 

41*02 

1*200 

21*35 

If 

1151 

45*45 

1*232 

27 02 

13 

M00 

40*09 

1*253 

29*03 

14 

1-185 

47*87 



11 

1*190 

48*17 

S,(S. 

Temp. 11° 

(Wrighl) IV. Jf Or. 

1-080 



10 1 


MOO 



23*5 


1*218 



30*0 


1*385 



40*8 


1*175 



48*5 


1*515 



49*8 


artions. 

1. Not deeompo, 

,•:■*.) hy/e 

•at alonft» 


even at 70b (Huutcfouillo, (>. It. 01, 705)*-— 
2. Dcco.npr. ;c.l by he. ting with many in rial f t 
eg. K,Na, am ilgam, Sn, Ac. with foimation 
of metallic biuni lt! and Jl. 3. Chlorine /onus 
IICl ami Br.- 4. Cone, nitric or : nl/>huiic acid 
forms Br, I Ft), and N() v or SO... 5. Lead or 
filter oxide form-', metallic bromide and H.,0 
at ordinary t-mperatiwiH; nm-t of the ofhrr 
TU'taUiC oxidttt .I. cumpo. e lllir in a nimilar 
way on warming. (J. Metallic rori-lex, and 
ill i Is containing turf oh (r.g. JlSbO,), form 
metallic hrmnidoB and Br. - 7. Agio inis solution 
of II Hr is dec mi posed by most vuiaht with 
foimation of no tullic bromide and 11 ; most 
vu to! lie aj’idi's ili.-.'iolve in HBiAq forming 
inoinid. s. Tin* lieu, of neutralist!urn of HBrAq 
l»v MOJ/Aq or MlOUi ; Aq, when M an alkali 
or alkaline earth imbil, is the same as the heat 
of neutralisation of HCH'q. viz. 13,750; but the 
quantity of In at produced i,y the action of IIBrAq 
on the hydrated oxides of J’t and An, and on 
HgO, is much greater loin the quantity of 
b» at produced by the action of JKHAqon the 
same compounds; the different a arc 
for AuO.TI, 13,810 
„ 1'lOjl, 11, HOD 
„ Pt0 4 H 4 10,300 
„ HgO 12,m 

The action of HBrAq on tlie.-e liydrated oxfdc* 
is very different from the action of the a «m 
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waa on toe hydrated oxides of K, Co, Mg, Ac.; 
ih ftve lornei oases there is little doubt that 
acids of the form H,HgBr,, H,PtBr„ H,PtBr a , 
and HAuBr, are formed in the solutions (v. 
Thomson, Th. 3, 538). Many double bromides 
of Au, Hg, and Pt - e.g. PtBr r 2KBr—aro rather 
to bo rogardetl as alkali salts of those acids 
than as double salts (v. Th. 3, 417; also 
Gold, Mercury, Palladium, Platinum).—8. 
HBrAq is decomposed by bromic acid solution; 

fJHrO ;) Aq < oIIBrAq» 8H,OAq + GBrAq.— 

9. Cone, sulphuric acid heated with HBrAq 
forms H.X>, SO.,, and Hr; dilute ll^SOjAq does 
not decompose HBrAq at ordinary temperatures. 

10. Chlorine sets free Jlr from HBrAq.-11. 
HBrAq is [tartly decomposed by potassium 
permanganate solution in the cold, quickly and ! 
completely on heating. -12. By electrolysis of 
HBrAq, ilBr() ;( Aq is produced (ltiche, C. It. 40, j 
848). -13. Bromine dissolves in IillrAq forming j 
a dark-colnured liquid. 

Combinations.— I . With ammonia and plios- j 
plane; Ogier (C. It. Hi), 705) gives the thermal J 
data, (NlIMlUr) - 40,001); [PIP,IIHr] - 23,000; 1 
using gaseous constituents ami forming solid 
MII,Hr. 2. With water probably to form the hy¬ 
drate HHr.il/) (i\ J‘ropertics).T\\o heats of solu¬ 
tion and dilution ofilBrhavo been measured by 
Thomson ( Th. 3, 13 and 72); tlio results indi¬ 
cate the existence in the solution of the hydrate 
HBr.ILO, but do not suggest tho formation of 
any other definite hydrate on dilution. Tho 
heat of dilution appears to be a continuous 
hyperbolic function of the quantity of water j 
added, provided the composition of the acid to j 
start with is UHr.ILO; the results cannot,; 
however, ho expressed by quite so simple a 
formula, involving a single constant, as is 
applicable in the ease of ehlorhydric acid (</. r.). 
It is quite possible that the reactions of IillrAq 
aro tho reactions of tho acid HHr.ILO (?=.* 

M Jlr.Oll), and that IIHr itself i.^not an acid 
(o. Presidential Address to Section H. by P.of. 
Armstrong, H. A. Meeting, 1885). Berthelot 
{III. (21 19, 385; C. li. Ill, li t; Uil, 712) thinks 
that IillrAq contains a number of hydrates, 
some partially dissociated, and also tho com¬ 
pound II Hr (v. Cmlorjiydric .vno). Koozeboom 
{It. T. C. 1, 108,331; f, t 331, 303; also Vau't 
Hoff, ibid. I, HI) lias determined the relations 
between vapour-pressure and temperature of 
solutions of hydrated HHr.« HP M. P. M. 

BROMIC ACID llllrO, t». Bromine, oxr- ! 

ACIDS OK. t 

BROMIDES. Binary compounds of Br with j 
more positivo elements i.e. with any element 
except F, Cl, or O. Ur forms binary compounds • 
with most of the elements. Tho greater number 
may be produced by direct combination. Tho 
formation of metal^o bromides is usually 
accompanied with production of much heat; 
thus, [K , Hr] - 190,(121); (Ca, Br’J-140.830; 
(Zn, Hr ] - 75,930; [Hg, Hr-] « 50,550; 
[Au, Hr’] 8,850. (1 liquid Br was used.) Some 
nictallio bromides ale formed by the action of 
Br on tho oxides; t\g. AgHr by Br on AgX). 
Alkalis and alkaline earths in aqueous solutions 
are decomposed by l»r, giving bromides and 
bvomates; certain metallic salts, in aqueous 
solutions, form bromides and peroxides; e.g. : 
Jftlts of Mn, Ni, Co, and Pb. Metallic iodides ; 


are decomposed wholly or ih cart br Br 
iMtallio bromides mi free I P h2 7 \S 
chlondes are partly decomposed when heated in 
closed tubes to about 300° with equivalent 
quantities of Br; after a time equilibrium is 
established in the system consisting of chloride 
bromide, Cl, and Br; this equilibrium is not 
overthrown by increasing the mass of Br, the 
temperature, or the time (Potilitzin, B. 14,1044 ■ 
15, 918; 10, 3051). Metallic bromides aro 
usually formed by the action of IIBrAq on the 
oxides (comp. Dromuydkjo Acid; Itcac/ions, 
No. 7). Most, metallic bromides are white; they 
are generally isomorphous with the corresponding 
chlorides; most of them are not decomposed by 
heat alone, but some, e.g. those of Au and Pt, 
give up all their Br when heated. Home metallic 
bromides aro decomposed by II/), e.g. those of 
Hi and Sb; others are decomposed when their 
aqueous solutions aro evaporated, e.g. AlBr 3 ; 
most arc decomposed by heating in air in 
presenco of steam. Metallic bromides arc decom¬ 
posed by certain peroxides and oxidising agents, 
e.g. MnO„ K,Mn,O h Aq, K,Cr.O,Aq. HNO s Aq, 
with separation of Br; cone. ILH0 4 Aq sets free 
a little 11 lir, hut decomposes most of the 
bromides to sulphate and Br with simultaneous 
formation of HO a ; 1101 and liClAq form II Hr 
and metallic chloride. When a metallic bromide 
is heated with solid KXr/), and cone. H.S0 o 
free Hr is obtained (distinction from chlorides). 
Aqueous solutions of alkali bromides dissolve 
large quantities of Br, probably with formation 
of perbromides in solution; Berthelot (C. It. 
91, 195 and 700) gives tho numbers (using 
gaseous Br) [HBrAq, Br"] 11,500. Aqueous 
solutions of alkali, alkaline earth, and magnesian 
bromides partly decompose AgCl when the salts 
are shaken together for a few minutes at the 
ordinary temperature; the percentage of AgBr 
formed varies from 95 when LiBrAq is used, to 
81*8 when CdHr.Aq is employed (Potilitzin, II. 
18, 1522). The binary compounds of Br with 
the non-metals are fairly stable bodies; they are 
usually produced by direct combination. 
Bromides of B, P, C, and Si are stable as gases. 
Br forms definite, stable, compounds only with 
the more metallic and positive members of the 
oxygen group of elements ; bromides of To are 
gasitiable, Ke._.Br._. is fairly stable, but is decom¬ 
posed by heat, S .Hr, is a feebly-marked body, 
and no oxide of Br is known. Bromide of 
iodine is a fairly well marked compound, 
(I, Br]-2,500 (Berthelot, C. 11. 90, 811; usiug 
liquid Br and solid J). Bromine chloride is very 
easily decomposed, ami no compound of Br and 
F is definitely known. If N bromide exists it is 
extremely unstable (.«?. also Halooen Elements, 
uinary coMimwns of: for the individual 
bromides v. the^articles on the various elements.) 

, M. M. P. M. 

BROMIDES, ORGANIC v. Bromine, organic 
COS!POUNDS or. 

BROMINE. Br. At. w. 70*75. Mol. w. 
159*50. (- 2 4*5°] (Baumhauer, BA, 927), (-7*2°) 
(Phil'pp, 11. 12, 1424 ; according to Philipp, the 
lower M.P. was due to presenco of Cl). 
[--7 05°] (Ramsay a. Young, C. J. 49, 453); 
(f>3°) (Pierre, .4. Ch. [3] 20, 5); (59 27°) (Thorpe, 
C. J. 37,172); (58*7°) (Ramsay a. Young, fx.). 
S.G. £ 3 1872 (Pierre, l.c.) ; £ 3*18828 (Thorpo, 




BROMINE. 


m 


le.). S.G. at B.P. 2-9832 (Thorpe, le.). V.D. 
80 (v. p. 636, Properties). S.H. (solid -78” to 
-20°) -08432 (lttqnnult, A. Ch. [3] 26, 286). 
8 .U. (liquid 13” to 46”) -1071 (Andrews, C. J. 1, 
18). S.H.p. (equal mass of H.O ■ 1) (S3-' , -228 : ) 
-035S2 (lteqnaull, Aavl. 2«5. i): S.ll.v. (,-qiml 
mass of H.O II -0420; (equal volume of air 
*•1) 1-396 (Clausius, dAv/siu. III.',ii.'lLvnV, 1, 

62 (1876.). (20'-38,s') 1-293 (Strieker, 

JV. 13, 20; exp* rina-nlaHy dt tcnuim«.{). Ex¬ 
pansion (O ' to U.lM V j 

i + .*.t"rritf* - -is... 

(Thorpe, /.<•.). S. (5 ) (Hi » 3-327, (15") j 

3-220, (2I» ) 3-Jils. rJ.V) a-ir.T, (30 ) 3120, : 
(Dancer, C. J. 15, 477 1 - licit of fusion *- ■ 
10,185, lbyuuult (.1. Ch. l 3; 20, 208). I 

A — 1 i 

—^—> At. \vt.~ 10-23 ((«lad-.4one, T. WO.'.*).; 
Emission-^p: drum; maikcd lints me lipsO, i 
0350, and lint*' beginning with O'.M'O (Nalet, ! 
A. Ch. ’•! 28,20). Alr-oiptiun-rpectr.im eharuc- ■ 
tensed by many bands I - liven fiNOl’5 in tin- ini 
ant) 5211 1 in tin* given (itosoot! a. Thorpe, T. 
1877. 2i*71. ; 

Jilt mi :n<* wu-i di-eown-d by Unlard in 1820 
(77. J. 7, 102); it was pit*vn*n-ly oMaimd hv 
Liebig, hut Miopn-'-.-tl hy him t«» Ik- iodine chloride 
(v. Holman's il'vt/i vf l.i.l-i'j I; and by . 

Joss, but regarded by him as selenion («/. j>r. ! 
1, 120*. 

Occ urrn:cr. Mover fr« >■; widely distributed, 
but not in large quantities, chi--flv in combina¬ 
tion with K, Na, am) Mu'. In s* a wafer (for 
quantitu.s, r. Ueidund, 7b 1*, 2 H»Hj, sea wi ■« d, 
saline spungs ami many marine plants and 
animals iKindt a. Wol.br, 7'. 10, 5ii'.»; Stroll* 
nieyt-r. S’. 1 *.*, 210; Jlt-mbstii-lt, li. J. 7,1 in). 
According to Maichand (C. /.'. 31, 105) all 
waters, im-iudii:,. rain and mioiv, contain traces 
of hrtmiidis. In various mint-rals, ohii-J’y as 
AgHr in Mexico ami Chili (Herihier, A. t'ii. 77, 
417; 70.101); in minute <|unntifi<-i in S-ie-ian 
lineore* (Ilollumb-r, li. •/. *, s 2); in Cdnii salt¬ 
petre ((iriim hi rg, ,/. /»/■. tin, 172) ; Ac., Ac. 

/*y*/ The starting-point is tie- con¬ 

centrated li'pnir of certain saline springs, the 
residual litpmr obtain'-1 in working the salt 
deposits at Stur-.-furi, «>r the solution of the a* li 
of s* a plants. Tie* Ihjuid is fre< d from tin- le -s 
soluble salt-;, chiefly chlorides and sulphate ; , 
by cmicentiation and cry; t-iili-Mlimi, mixed with 
MnlX. and IlClA'j, and di.-rili*!. The quantities 
of the reacting materials art; arranged so that 
there is alwavn an oxe< ■-* of bromide, in ord* r 
to prevent formation of bromine chloride 
(t*. Mohr, A. 22,60). In snme ca-es the con- 
cent rated li<| lor is L at- I witfy II SO,Aq. sul¬ 
pha tes ate then removed by crystallisation, u*^d 
the mofher li'pior is dn-tile.fl with Mn0 2 and 
H 4 S0 4 Aq (”. Herrmann, 7'. 13,175; 1*1, 013). 
The Ur is condensed in water and convert- <1 
into NalSr and NaIJrO, bv treatment with 
NaOIIAq, the liquid is evaporated to drym , 
the residua heatid to ih-eotnpose NaIliO u and 
the NaUr is decompo-ed by pure Mn() ; and 
II..H0 4 Aq. Iodine may be r*moved *rorn the 
Original liquor, la-fore *b-conijMHin;* by MnO, and 
ae.id, hy the action of Cl, or bv pp«. as Cu l a 
(Hussy, IJ. J. 18, 117; llalard,* li. J. 7, 102). 
Chlorine may be removed by decomposing tlie 


distillate from the first action of M»0 a and Mid 
by UaOAq, evaporating to dryness and heating, 
dissolving out IlaBr, in alcohol, tlltorlng from 
inseliible BaCE, evaporating to dryness, and de¬ 
composing by MnO s and H 4 S0 4 Aq (Uiria, B. J 
I'd, 277). Adrian (J. 1870. 248) removes Cl by 
wn.-hing the distillate with wafer and small 
su»ct ■-i\e quantities of ether; In- thru digests 
with March paste to remove I, ami again distUa, 
Stas (Fr. 25, 213) fret s from 1 and Cl by dis¬ 
solving in KltrAq, adding ZuO and tlistilling. 
Cyanogen is ixvasionally found in samples of 
Ur; it may Ik» deheted bv coiivi-r>'ioii into 
K ,l't-(CN 1„. by dijresling with iron filings, and 
rapidly tillering (j’liipson, A’. 28. 51). litouiO* 
form is another impurity; it is detected by its 
odour, after addition of KlAq sufficient to con* 
vvrt nil the llr into KBr, and removal of the I 
by the action of Na ; S ; O s Aq (lt«*ymaun. H, 8, 
7‘5<M. Hromino is prepared from laboratory 
residues containing Hr compounds by making 
alkaline with hi UlAq, and distillation with solid 
K,(VO. and excess of U .HO^Aq (2 parts strong 
acid to 1 part wafer by weight) added gradually 
through a fui:n» 1 tube (Holas a. (iioves. C. J. 
’ ; 2 7st). To prepare pure Hr for atomic 

weight determination, Stas removed I from com¬ 
mercial KUr by dissolving in water, adding 
Bi Aq to | ..f the liquid till the I which at lirfil 
separat'd redissolved forming a clear orange* 
Vi l!'*w coloured liquid, adding the other of 
the liquid and shaking repeatedly with pure 
CS . The li-piid was then wanned to remove 
ail CS,; tin* KHr was oxi«lised to KHr<h l*y the 
aetion of Cl in presence of pure KoMAq (for 
<b tails r. Stas, A'oar. li. l.V.I; or pp. 15‘.) 1(»(J of 
Ait-ii tt-in’s (M-rman traiiHlatiou / »Ct f hchungcn 
iil-ii >iif fiV.-i/:.- dir r/n m. I’rojit'rltiutcn , A'C.); 
tin KUrO a wa« purilied by repeated rrystalliHU- 
tion, and a part of it wan coiiveited back ti 
KUr le lu-t ng in a porcelain ve».:it l in small 
taieet ivr- tpiantities. Hy «)«composing a ruix- 
tureof Kdraml KUrO, (in the ralioAKUi KJIrO,) 
with pun H f.o^Aq, Ur was obtained. A nor- 
lion of tlh i i was then digest* <! with milk of 
lime and N11 ,Aq, w hereby Ca Hr v Aq was obtained; 
this liquid was saturated with another portion 
of the purilied Ur; water was added to pp. Ur; 
tin; ppd. Ur was separated, and digested several 
times with pure dry Caltr, (prepared by the 
action of part of thu purified Hr on CuO); the 
Ur was .U-n shaken in contact with pure. P,O al 
then allowed to remain in contact for 12 liouro 
with pure UaO which had been sliongly heated, 
and filially jvjured off and distill* d. All opera¬ 
tions were condueied in apparatus made wholly 
of glass. 

J'rojH'rtirs. — At ordinary temperatures a 
dark brown red volatile liquid with most irri¬ 
tating odour (fipwnoi t. tench); in thick layer* 
almost black ; vapour is yellowish red, and 
becomes less transparent as temp* rature is 
increased (i.-, Andrews, 11. A. 1871. (Sec.) 06); 
solidifies to a grey-brown crystalline mas* with 
semi-metallic lustre. Very poisonous. Vapour 
nets on mucous membrane and eauM-K violent 
irritation. Non-conductor of electricity; but 
an aqueous solution of Ur is a belt* r conductor 
than pure water (such a solution contains soma 
HHr) (Halanl, A. Ch. [2] 32, 871; Ite la Rive, 
b. J. 8, 83 ; Solly, A. 20, 121). Dissolve* 
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parte Br by weight in 37000 parts EjO have 
following S.G. (Slessor, J. 1858.100):— 

*. S.G. r. 8.0. X. ELG. 

10*7 1*009 12-3 1*0122 20*9 1*018, 

1H 1*0093 18*7 1*0149 31-31*7 1*0236 

12*0 1*0099 19*5 10158 

Solution in water is attondo«l with production of 
heat [Br\Aq) = 1080 (77i.2,2">); solution is i*Uo 
orange-yellow. Dissolves more readily in alco¬ 
hol, and in all proportions in ether, CS„ and 
C1ICI, *, solution is accompanied by chemical 
change; soluble also in cone, aqueous solutions 
of KItr and many other metallic bromides, fre¬ 
quently with formation of perbromides; also in 
cone. HCIAq and HllrAq, and in liquid SO a 
.(Bestini, 1 868. 718). Hr is absorbed by wood 
charcoal with considerable rise of temperature 
(Melsens, C. H. 77, 781). In presence of HI), 
acts ur a bleacher ami disinfectant. 

The atomic weigh* of Hr lias been determined 
(1) by analyses, and determinations of V. I)., of 
many gaseous compound::, e.ij. Hrll, Ur.,Cd,Ur,H, 
Br 4 8n, Arc.; (2) by determination of S. IJ. of 
solid Hr; (3) by comparison of bromides Ac. 
with isoniorphous chlorides and iodides Ax*.; 
(4) by syntheses of AgUr by Maritime (B. J. 
21,193); by syntheses of AgHr by Stas (Ao/m. 
A*. 168, 171); by rednetion of AgHiOj by Stas 
(Nouv. A. 199); byconversion of KHr to AgHr 
by Stas {l.r. 303); by conversion of AgHr to 
AgCl by Dumas (.!. ( % f3) 55,102). In gaseous 
molecules nmtnining Hr the atom of Hr is 
monovalent. Hr acts as a strongly negative 
non-metal I ie element; it combines directly with 
ntoat metals (mining suits; its compounds with 
non-iuctals one of which is II aro acids. Tlio 
ittbstitution of II by Hr in carbon acids seems to 
inorcase the relative affinity of the itcids 
(»’. Affinity, p. 82); generally speaking, the 
introduction <»f Hr in place of 1L nig carbon 
compounds is accompanied by tho production of 
luoro or less acidic properties. 

In its chemical ivhitiuns Hr stands between 
Cl ami I; the In at of formation, in solution, of 
a metallic bromide is usually about v ll.Oni) 
H gram-units less than that of the chloride, and 
about n 26,000 gram-units more than that id 
the iodide, of the same metal, win ic n is a 
whole number, usually 1, 2, 3, or 4; metallic 
bromides are wholly or partly decomposed by 
Cl, and metallic iodides by Hr; inetall'i:chlorides 
aro partially decomposed by Hr (t\ Bract ion 
•No. 12). The relative atlinities of tl»o acids 
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p*(ta by weight ot ft occupy it volumeM, 8-41 

t f m P erM “c« (epproxim&ttlV 
1870 ) the S.G. i» less then the calculated^ 
Meyer a. Zublm (B. 13,405) obtained values Ivina 
between those calculated from the formulie Br 
and i}Br,; when the lir was obtained by deooiu-’ 
posing PtJ3r 4 at high temperatures the S.G. at 
1670° nearly agreed with that calculated for 
3l3r a (3*66). The S.G. of Hr vapour diluted 
with 10 volumes air, at 50° under the B.l\ of Hr, 
was determined by Danger a. Meyer to be 5-52 
(B. 15, 2769). Jahn’s determinations (B. 35, 
1238) bIiow that bromine does not attain the 
S.G. calculated for Br, until it is heated about 
: lbO 1 ’ above its B.P.; the deviations are small; 
the S.G. at any temperature up to about 220° 
may bo approximately found by the formula 
S Ai.~a + bt, where a = 5*8691 and 6» -*00163. 
i (lor S.G. of Cl and I gases v. these elements; 
t>. also Hauookn Klkmknth.) 

Jlructi'ms. -1. Hr dissolves in wafer with 
production of heat (Hr, Aq] - 1080 (Th. [2J 25); 
the water is slowly decomposed, more quickly 
in direct sunlight, with formation of HHr and O. 

; Hromine water, therefore, acts as an oxidiser; 

• e.y. HNO.Aq is oxidised to iiN().,Aq (Schonbuin, 

! J. pr. 37, Ml), Mn(C,il a O a ).Aq to MnO, 

. (Kitm merer, /». 4, 218); sugar, mannite, 
i benzene, Ac., Ac., fn various oxidised derivatives 
(Hlomstrand, A. 123, 218). If NO is led into Hr 
cooled below O’ the gas is absorbed, and on 
adding water HHr and higher oxides of N are 
formed (Landolt, J. 116, 177).—2. £»7 earn mixed 
witli Hr and passed through a red hot tube 
yields II Hr and 0.-3. Hydrogen junuxide 
evolves O, and HHr is formed (Schonbein, A. 
108, 169).—4. Aqueous solutions of potash or 
si'ila ure decomposed by Hr forming KHrAq (or 
NaBrAq) anil KHrO.Aq (or Nal!i< >,Aq): CaO anil 
HaO # fonn bromides and 0. - 5. Aqueous ammonia 
yield,'. NHjHrAq and N. - 6. Urea is decomposed 
by HrAq with evolution of N.- 7. Jli/dr iodic 
acid and iodides in solutions are decomposed by 
Hr with formation of HHrAq, or MHrAq, and 

I. - 8. Sulphuretted hydrogen yields HHr, and S 
which partly combines to form S_,Hr,; this 
decomposition proceeds either in presence or 
absence of water (Naumann, B. 9, 1574). -9. In 
contact with excess of silver nitrate solution , 
AgHr and JlHrOAq arc produced (Spiller, J. 
1859. 67).—1U. With carbon dimlphide, crystal¬ 
line CjS.Br, is formed (Hell a. Grech, B. 15,987). 

II. Carbon compounds arc usually acted ou by 


HCl, HHr, and ill in aqueous solution are, 
however, nearly tho tunic {v. Affinity, p. 77). 
In its compounds. Hr appear^ to be. positive to 
Cl, F, ami O. No oxuio of Hr is at present 
known; the oxyaeids of Hr exist only in pre- 
**•nee of water; they arf much less stable than 
tho oxyaeids of iodine: one of the oxyaeids of 
Cl (UCIO,) has been obtained in separate and 
definite forms, although it is an extremely un- , 
stable compound; oxides of Cl are known as i 
gases, and an oxide of I (1,0,) exists as a solid 
body. No oxide or oxyacid of F is known (r. 
IlKOMinr.8, IIai.ookn Ei.kmknts. and Hammum 

KLIMENTS, RISAKY COMI*ol NOS OF). 

The S.G. of Hr gas at 99 was found by 
MiUoherlicb to be 5*54 (air«l) and by Meyer 
A. Ztiblin to bo 6*38 at 100°: the S.G., oaleu- 


Hr; sometimes H is withdrawn, sometimes this 
is accompanied by substitution of Hr, and some¬ 
times more complete decomposition results.— 
12. Hr partlydi composes metallic chlorides when 
heated in equivalent quantities to 270 300° j if 
ft io mass of Brris increased, the amount of 
decomposition increases up to a limit whioh is 
not passed by increasing the mass of Hr, the 
temperature, or the time of action (i’otilitzin, B. 
14, 1014; 15, 918; 16, 3051). According to 
lliimpidge (B. 17, 1838) AgCl is partly d econo- 
loosed by contact with water and an equivalent 
quantity of Hr; thus 5*2 p. c. Cl was removed 
from AgCl after 24 hours’ action at 11°, and 
14*53 p. c. after 12 hours’ action at 41°. 

Combinations .—1. With water at 4° forming 
red octahedral crystals of Br.lOH,0 which art 



Jrtcaipototo Br tad 8,0 at It* (Uwig, P. 
14, 114 { 10* 875). For diasociation-prcsBures 
V. Roozoboom (R. T. 0. 4, 65).'— 2. Combines' 
directly with most of the elements, especially 
the metals, often with production of much heat 
and sometimes light (n. Bkomikks). Does not 
combine directly with C or 0. According to 
Merz a. Weith (It. G, 1 .”> 1 s) dry Hr and Na 
do not combine even at 200 \ Combines with 
liquid Cl at - 9<> ! (Dmnv a. Man ska, C. li. VO, 
817). No oxide of Hr is at present known. 

Delve Hon. - The physical properties of Dr 
enable this body to be tus'.ly detected when 
iincombiiu i. Bromides are decomposed by 
ClAq, giving Hr and chloride of the metal. 
Solution of N O, in cm**. H SO t Aq does not 
decompose bromides, but doe; decompose iodides 
with production of I; on this reaction is based 
A method for d».-t>.cling bromide.^ in presence of 
iodides. Solid bioimdi'S are decomposed by 
heating with K Cr.(). and cone. 1{ S() 4 Aq, with 
formation of Hr ; chlorides yield (JrO/JL. 

Dbtlni'iH-’n. Free Hr may ho estimated 
volumetrieally by measuring the I set free by 
it from KlAq. <>r by linding tlio mass of As.Oj 
which it oxidi < s to As O, in an alkaline m- 
lution; Hr may nl-o he combined with 11 to 
form IIBrAq, by treatment with II S, or SO , in 
aqueous solutions; the HHr may then be t -ti- 
mated by pp*. with AgNo.Aq. Hr in broumhs 
is usually e.stim »tt d us A;* Hr. ppn. being ac- 
com i dished by all it ion of A'N'MAq; inobiblo 
bromide.-; may l»- fused with Na_.ro,, dissolved, 
and acid-i!nt- l ith IINO,\q. In pr«senee of 
chlorides, or io-leb-s, Hr in bromides must he 
determined by in-line! methods (v. Manuals of 
Analysis). 

Bromine. Chloride of. HrCl. Mol. w. un¬ 
known. Chlorine is absorbed by Hr with 
formation of a r>- l yellow, mobile, very volatile, 
liquid, wiiieii gives oil a dailt yellow. *vry 
irritating, vapour with strong blcachi* g pro¬ 
perties ; many metals hum in this vapour to 
chloride and bromide (Hahinl, A. lilt. |2. 

82, 371). if the Hr is ..b-d to 0 ' the liquid 

finally contains Hr and (.’I in the proportion 
JJrCI; at ordinary temperatures less Cl than is 
required bv the composition HrCl is absorbed 
(porn-' inann, A. li'J, 1-S3). At t-mperature* 
above t I'i' Iho compound HrCl dee. on poses 
with evolution of Cl. Hy adding a little H/) 
to HrCl, and cooling to 0°, yellow-brown crystals 
of HrCl.lOH.O separate (Hornemann, IcA; them 
melt at 7Y and arc decomposed bv MI, to N, 
NH,Iir, and N chloride (Lowar, Di . linnn uni 
seine client isti.vn l*. rh-iltiu.sse ; Heidell*. rg, 
182!), p. fi-lj. An aqueous solution of HrCl, 
obtained by dissolving ,llr in ClAq, is decom¬ 
posed by alkalis gfting alkali •bromate and 
chloride; in sunlight IIHrO^Vpand JlClAq art* 
firmed; reducing agents, SO.Aq* Zu 

powder, 1'Y things, P, NO, Ac., withdraw CJ, and 
set Hr free (Schonbein, J. }n. 88, 488). 

Bromine, Cyanide of: bettor called Cyanogen 
Bromide. Obtained by notion of Hr on JIg(CN) 5 ,; 
KCX, or I1CN; r. Cyanic sans, vol. ii. p. 818. j 

Bromine, Hydrate of. Hr.JOH.O. obtained 
by cooling a saturated solution of Hr in H/);j 
v, Brominf ; Combinit ions. No. 1. 

Bromine. Iodide of; better called Bromide of! 
Iodise; v. 1om.sk. j 


BtttAiaii Oxyactds of. No oxide of Br b 
known. The wide HBrO on<l HBrO, exist in 
aqueons solutions only; both solutions art 
decomposed on heating, IIBrOAq oven at SOY 
IVrbromic acid, HHr0 4 , was said by Kiimmercr 
to be produced by tho action of Hr gas on 
HC;i) 4 \q (J.pr. 110,1 DO) ; but later experiments 
have tdiown that this acid has not yet been 
obtained (>. Puttison Muir, J. 80, 480} 

Maolvor, C. .V. 83, 3V, Wolfram, A 188, 95). 

, UrAq is not oxidised by such reagents as 
K.Mn0_Aq, K.(’r.t) Aq, UNO,.' \, or IK-IOAq; 
but tin* action of IlCIO.Aq «-r M( , U>,Aq pro¬ 
duce’s llllrO s Aq. Dilute solutions of IlHrOttlid 
HUrO, are also formed by electrolysing HHrAq, 
Mi'.rAq. or HrAq ; aim by the action of metallio 
ovdc~ on HrAq. No salts of lJUrO are known 
except in aqueous solutions; suit- of 11 HrO, 
exist, as solids, they are all easily decomposed 
by ln.it with evolution of O, and frequently 
aim of Hr. The addition of O to KHrAq would ho 
attend'd by disappearance of much heat; Thom 
sen gi\e.- these numbers - KHrAq, l)‘i 15,930; 
also Hr'.O.Aqj « -Ji»,20t>. The following data 
show that the heat of formation of the oxy- 
aeids of Hr is levs than that of 11 Hr, and ifl 
also less tho moro O the arid contains: - 
{lf.Hr.Aq, 2*.:Mit; j ll.Hr.O.Aq' 2G.080; 
|ll,Hr,O .Aq 12.120 (77/. 2, 400). Theso data 
are analogous with those for the corn* ponding 
compounds of Cl, but diller from the data for 
the similar compounds of I (v. Hai.ouicn Elk- 
MI N is). 

I. IfUMtUioMolS Aeiti, ASIt IIvt'oim'iMITKS. 
HHrOAq and MHrOAq. («;»> J.ussae, obtained a 
gas by the action of Ur on dry lf;*0 and supposed 
it to be an oxide of Ur; lYlouze, and more 
recently Dancer ((’. «7. 15, 477), proved that 
only O is thus produced. An aqueous solution 
of IJHrO i ; obtained by the action of HrAq on 
the oxid", oy nitrate, of llg, or Ag; lljM) and 
PhO do not oxidise HrAq (Spiller, N. ti, 219). 

b'onitn'itoi. Hy the action of HrAq on HgO 
— repealing sevril times Hg.OHr, HHrOAq, 
and HgHrOAq. are fumed; by di.d filing in 
roe no, a liquid Containing (>-2 p.c. Hr as IIHrO 
is obtained, hut it cannot be quite freed from 
ilgUrO (Ha lard. A. Ch. 32. 337). 

J'rvjKir,tfi>m. --Pure HrAq is shaken with 
excess of AgN'o.Aq until the colour and odour 
of Ur have gone; the rtraw coloured liquid l» 
tlien at o#ce distilled in raeuv, at 50 inm. 
pressure it boils at 40’ - ’. The distillate geta 
richer in 11 loo until 73G p.e. Hr is present 
as HlirO (then it gets poorer in the acid); about 
•1(1’ p.c. of tin* Ur u -.ed is i-liange l to HUrO. 

Properties mil h'ctirtitni-.. S-dution with 
IV 2 p.c. Hr as HUrO deet.mp.. -.es at 80'giving 
Hr and JJBfO,Aq; aolutioii with *730 Hr an 
HU (> decomposes, intoi> on 1 products, at 00°. 
Jllirl)\q is a strongly h.etching liquid; it Is 
di-eomposed by Ag/) (and slowly by contact 
with AgNO.Aq) with formation of () and AgBr, 
by !I/),Aq with evolution of 0; and hy IlClAq, 
HHrAq* and HIAq, with formation of Hr 
(Schonbein, J. pr. HH, 475). 

No hypobromites have been obtained exoopt 
in dilute aqueous solutions. By the action 
of alkalis, alkali carbonates, or phosphate! 
(hrjtzsche, A. 40, 251), on HrAq, yellow, 
•tiougly bleaching, liquids arc produced; these 
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liquids are tot y unsiaDte, decomposing in 
air, quickly at 30°. They decompose urea 
with evolution of N ; ~CON a H, + SHBrOAq » 
CO, + N„ + 31IBrAq + 2I1.0Aq (K. Knop, C. C. 
1870. 132). Ilulard (A. Ch. 32, 337; J. pr, 4*. 
185) described bodies re .ernbling bleaching 
powder, obtained by the action of J»rAq on 
CaO.II, and HaO.fJ.,; by the addition of water 
and liltration, bli-aching solutions were jfro- 
duced, very unstable, and easily decomposed, 
even by CO... 

II. UunMic A cm and Hkomatcs. IIHrO.Aq 
and MBrO.,. Bnflnic acid, lIBrO ;lI is known only 
in aqueous solution. 

Formation. I. lty electrolysis of HBrAq 
(Itichc, (!. II. '1(5, 31m). 2. I’.y action of heat 
on hypobroriiitrs in solution. 

Prepurat.itm. HaBr0 3 is prepared by adding 
Hr little by little to cone. BaO.H.Aq until tlio 
liquid is slightly red, when BaBrO, pps. and 
BaHr, remain.; in solution. The BaHrO, is crys¬ 
tallised from hot. water, dried, and ground to 
line powder; lOU parts are digested for some 
time in the. cold or at a very gentle heat, with 
21 parts cone. II.SO, mixed with 210 parts 
II./) ; excess of II_.NO, is removed from the 
liquid by gradual addition of BaO.Il,Aq ; the 
acid liquid is evaporated in vacuo (ltunimels- 
berg, A. 40, 117). Hammerer passes Cl/) 
into Hr under H .0 until the colour of 
the Hr lias disappeared; 6(.51.0 r Hr.Aq -r If ,0 
«2HBrO.,Aq i lOCIAq (d.pr. 85, 452)." 

Properties ami Heart inns. - HBrO,Aq maybe 
concentrated in vacuo until the liquid contains 
50*50 p.c. IIH.rO,; the composition then nearly 
agrees with the formula IIHrC),.7M/). When 
concent rated by heating in an open vessel de¬ 
composition begins when the liquid contains 
4*27 p.e. II HrO„ with production of Hr, O, and 
11/). HBrO.,.\q is a colourless, acid liquid, 
with a bmininedike smell. Oxi^isahlo bodies 
deoi>mp»»:.e HHrtljAq with separation of Hr; e.g. 
5HO.. i 2(11’.rO.Aq 1 IH.O -= oil NO,.\q t Hr.Aq; 
5H/4 1 211 Hr().,Aq -GILOAq » 5S f Hr.Aq. "lo l- 
ino quickly decomposes UHrO.Aq* forming 
HIOj (Klimmerer, ,/. pr. 85, -152); Cl, dilute 
11/40,Aq, ami dilute. 11 N( > ;t A«|, arc without 
action. HHrAq decomposes HHr(),Aq, forming 
II/) and Hr; Hl'IAq and IJlAq form H.O ami 
HrCI or IHr. The heat of neutralisation of 
MHiO.Aq is the same as the mean value for the 
stronger monobasic acids; [IIHr()'A?[,*NnOilAq] 
‘ •13,780 (Tit. 1,21<»). Hromie acid is monobasic 
and forms one series of salts, the bromates, 
M'HrO, and M n 2Br^),; those salts are formed 
by tlie action of llBrOpAq on the oxides, 
hvdroxides, or carbonates, of the metals; tho 
w'kali and alkaline earth salts are also formed, 
always with bromides, by the action of Hr on 
aqueous solutions of tfie alkali or alkaline earth 
hydroxides. (For special methods v. individual 
salts; also Hammerer, J. pr. 85, 452.) Tho 
bromates crystallise well; they are all soluble 
in water; the toast soluble are AgHiO., and 
UgHrO,. They are decomposed by heat ; 
sometimes O is evolved and metallic bromide 
remains, e.g. bronmtes of alkalis, llg, and Ag; 
sometimes Hr ami 0 are evolved, and oxido 
remains, e.g. broinates of Mg, Al, Z 11 ; or a mixture 
of oxide and bromide remains, e.g. broinates of 
Pb, Cu, Ac. Dilute llNOjjAq, H./>0,Aq, or 


HjPO^Aq, decomposes bromateTgiving HBrO,Aq 
most of which decomposes to Br, 0, and ELO. 
Solutions of bromates react similarly to solution 
of HBr0 3 towards SO,, H a S, HClAq, HBrAq. 
and HIAq. The bromates have beer, chiefly 
investigated by Ilammelsberg (A. 40 147* p 
30, 10); Lowig (11 J. 12, 120); and Marignao 
(('. It. 45, 050; J. 1857. 127). Tho following 
, arc the better-studied salts. 

Itarium Inornate Ba(BrO,),.II.O. Pria- 
| matic, monoclinic, crystals; isomorphous with 
Ba(CIO,).. (Murignac u. Ilammelsberg); S. (H)0 : ) 
4 *2; (15°-18°) -77. Prepared by decomposing 
KHrO.Aq by HafC.JI/X.) ,A(|. 

Cadmium bnnnate Cd(Br0 3 ) r H,0. Co¬ 
lumnar tiimelric crystals; prepared by 
CdS(),Aq 4 HaHi(),Aq. S. (15°-18 ) 125. On 
heating, leaves CdO and CdHr., (Kammelsberg). 
! Calcium bromatc. Cu(BrO s "),,.H/). Mono¬ 

clinic plates (Marignae) ; prepared by 
CaO/I Aq +HHr0 a Aq. S. (15°-18°) 30. 

Heated to 180° loses II/), at higher tempera¬ 
ture gives O and CaCl ( ilammelsberg). 
j Cobalt bromatc. Co(Br0 3 ),,.Gll/). Trans- 

' parent, hyacinth-coloured, monometric octa- 
; liedra; prepared by HBr0 3 Aq + CoC0 3 , or 
I Bii(Br0 3 ) s Aq + CoKO,Aq. S. (15° 18 1 ) 45-5. 

Heated, gives CoO (Ilammelsberg). 
i Copper bromatc Cu(Br0 3 L.5H,0. Blue- 

green crystals, efflorescing over I f .SO, in vacuo ; 

; very soluble; lose 11.0 completely, and a 
! little Br also at 200°. Prepared similarly to 
Co(HrO.,),. 

Lead bromatc Pb(BrO a ) „TI O. Small, 

i lustrous, monoclinic prisms ; isomorphous with 
Hr(HrOJ ..11,0 (Ilammelsberg). S. (15° 18 J ) 1*33. 

1 Prepared "by IIHrO.,Aq + I'bCO„ or cone. 
Pb(C.JI/),V.Aq-t KHrO,Aq. Heated over 180 ? 
gives Br, PbO,, and PbBr,, at higher tempera¬ 
tures gives l’b/),, Br, and PbBr,. 

• Magnesium bromatc Mg(Br0. 3 )..GJI/). 

Barge, elfloreseent, monometric octuhcdra; S. 
(I5°-18 ) 71'5; loses all 11/.) above 200°. Pre¬ 
pared by MgO i JIHrOjAq, or 

MgSiP.Aq + KUrO a Aq. 

Mercury bromates Ilg./Brl).,),, and 
Hg(HrO ( ),.2H/). Mercurous bnnnate is pre¬ 
pared by iIg.(NO s ).Aq + KHrO.Aq or 
HBrO,Aq t Hg.0; mercuric bromatc by 
HBr0 3 Aq 1 freshly ppd. HgO. Both form 
small white crystals; the mercurous salt forms 
ye 1 low basic Hg/BrO/.Jfg/) by the action 
of 11,0; when heated it decomposes with de¬ 
tonation (Uammelsberg). The mercuric salt 
I dcoumposes at 130°-140°, with slight explosion, 

1 to HgO, HgBr.., and Hg.Br,. S. (15°-18 3 ) 17, 

; (100°) J *G. 

I Xn'kel bwmatc Ni fP.r0 3 ).,.GILO. Prepared 
Pas, is isomorj^ious with, and generally re- 
• semises, the Co salt (//. r.). N. (15°-18°) 28. 
i (Ilammelsberg; v. also Murbncli, I\ 34, 412). 

| Potassium bromatc KBrO r Prepared by 
adding Br, or BrCl, to cone. KOIIAq; or by 
; adding Br toK/X),Aq which has been previously 
! saturated with Cl. lihombohedra (Itanimcls- 
1 berg; Marignae, J. 1853. 133; t\ also for crys¬ 
talline forms, Lowig, D. J. 12,120 ; Pritzsche, A. 
40, 251; Marbaeh, P. 34, 412). S.G. jfg 3 27 1 
(Kremers, P. 33, 443). S. (0°) 3*1, (20°) 8*3, 
(40 ) 13 2, (100°) 50 (Kremers, P. 97,1). Insol. 
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to alcohol. B. P. of Batarated KBrO.Aq « 104*. 
KBrO„ when heated, molts at 350“', then begins 
to decompose, at firet slowly, thon rapidly and 
explosively, with evolution of 0 and a little 
Br. According to Fritzsche (A. 40.251), crystals 
of KllrO s prepared from exactly neutral solu¬ 
tions, or from solution* containing a little 
acetic acid, decrepitate It fore decomposing, and 
lose 1*3 p.e. of tluir ma-s (.hielly water); if 
the resulting powder is placet! in warm water, 
0 is evolved at the surfaces of the iiiidh-ohed 
particles, hut most of the Oisa raiti absorbed hv 
the liquid; on evaporation, pure KlJiO, crys¬ 
tallises out. Prif/.-clie sup]ios« s that KBrO, is 
partly decomposed hy heat to hypidmimito and 
perhromnte, that the latter acts on water, 
evolving O and forming KBrOjAq, and that the 
0 is absorbed hy the K1 >il>A>{ with formation 
of KlJrOjA-j. KBrO, is d*vompo-n-J hy cone. 
IIjjSO,Ai|, with • volution of (> and Br (l.ovvig); 
hy HNO.Aq, with j.r« dm tion of KNO^Aq, Hr, 
and 0 (Penny, A. i»7, 2lMil. KBrO,Aq <h composes 
IPS, separating S. and forming JIBrAq, and 
lf.SO,Aij. Heated witli cmnhii.stihle bodies, 
KBrOj evolves 0 rapidly and explosively. 

Siii'cr bn-mate At-BrO, Dina trie prisms 
(Marignae). l’i« j'jiiw ;1 by Ai.No,.\q • HBrO Aq 
or KBiO.Aq. and civ.-tailising from hot watir. 
Stable in air free from organic matter. Decom¬ 
poses on In at jig. 

Scdinm l-h-miitr Nal'rO,. Prepared ns 
KBrO,. At 4" rry!-ta!h *s with ./HO forming 
eilleic■-ci nt m i dh s d-.iwig); above 4 ' the 
anhydrous salt separates, isoinorphous with 
KBrO, accoidiiig to l.owig {It. ,/. 12, 12<M. 
♦S.o. T ;; 339. s. to ) ■>. (20 ) 3s-5, (i;trj r.2*ft, 
fllJU'i *.»*' (KiCiners, 07, 11. It. 1*.of natural! d 
NiiBrO.Aq 109”. D* n mpores when In ah d as 
KBrO., 0/. i’.). 

hi >triiiU: SrflirfDO. Mono- 
clinic prim-. Js arnorphnu-. with the I:*-nit 
(Bainiml.-I i rg>. S. (15 1* ) AM. i.o : -s ll ; (> i 
at 120'. Prepared hy BtCO.,4 UBtO^Aq. 

y.inc Innr.iite Zn{BrO : ,)_.liih.O. Mnnn- 
met tie odaheilra, i - amorphous with the Mg 
Balt; prepared as Coil!rO a )..<dI.O. Melts at 
100 '; loses at ‘.‘*>0 vith partial deioiii- 

position to ZhO, Hr, and O. S. ^15 - Is ) loo. 
SoluMe in NH.Aq (Itaminelsherg). 

Pe-idis the for«going, hromateH of Cc, I.a, 
and Pi of the foim MillrO,) J’dH) have h«iti 
prepared (Bamnn lsherg. Matignae, Ih rnnann 
J. pr. 82, 385). Bromutes of Al, Cr, IV. and 
V ; of I’d. and I’t ; of Pi; arid of Sn. r»»m to 
exist. They Jiave, howivir. eitlnr not ln-t n • 
obtained in difinite hum, or lave hen vny 
slightly ex amined. # 

Bromine, Sulphi'*-. of: bety-r called Sul¬ 
phur Bromide (r. St mini). M. M. P. M. # 

BROMINE, ACTION ON ORGANIC BODIES 
V . BjiOMO-«:< MI’OINOS. * 

BROMO-. Vfc of this jrtfix aj>j lied to tv or¬ 
ganic com pounds : for bromo-et mj-ounds and 
bromo-salts r. the element the hrorno-com- 
pound of which in sought for, or the snite to the 
names of which bn mo- is prefix* *1. Thus 
brotnochloride. of carbon will be four. 1 under 
Carbon; bromo-chromate of potassium under 
Chromates. 

BROMO- ACENAPHTHENE v. Acenatiithene. 


IKOXO-AOSirAfaTHTUn 9 . AOWAHf- 
nrruum. 

BROMO-ACETAL t». BnoMo-Acanc aldrhydb. 
•BROMO-ACETAUIDE v. Bkhmo-acktjc acip. 

v-Bromo-ncetaraide t>. A cr to-b romo am ide, p. 5. 

BROMO-ACETAMIDO- r. Buomuamwo-. 

BROMO-ACETANILIDE v. Uia vio-ANruitn. 

BROMO-ACETIC ACID C H,BrO # U+ 

041Br.CO.ir. i51°h ( 20 S ). 

l-Wmation.— 1. By brominnfVn of acetio 
acid (Perkin a. Duppa, .1. liw, 10(»; Hell a, 
Mahlhiiusi r, /•' 11,211; 12, 7 5|. 2. By heat¬ 
ing ethyl acetate with h'oinii.c at 150 (Crafts, 
A. 120. 501.l’rom glvcullic acid and IIBr 
(Ivikule, .4. 130, 11).- I. Hy atnn-pln ric oxida- 
tinn ef an alcoholic solution of lnoino ethylono> 
((iloekmr, J. Stqwl. 7, 107). - ft. By the action 
of hiomim* i'n dry glvcerin (Barth, .4. 121. 311). 
0. l r.-m cltloro aeetic acid and HBr (Demule, 
]>. 0, 501). 7. l'rom ethylene bromide and 
fuming UNO, (Kaclih r. M. 2, 253). 

l'iirar.iti'.'n.— Br, glacial aeetic acid, and 
some CS aie boih il with inverted eomh user; the 
yield is m aiiy theoretical (Michael. Am. ft, 202). 

rrofvrt':*" . Deliqtic* rent rhomhohedra; v. 
sol. water. 1!listi rs the skin. 

I.'ra. ti.’Us. 1. Heated with cine it yield? 
Zn(ilAcjj and Zni>i\. 2. Nil, forms plyeoeoil. 
3. Simr t« v. oiite. forms ghcnHidi*, benzoic 
acid and Avllr. 1. Sihrr }<ou\U r al 130” forma 
succinic sieid. ft. lUv’if sulphide (C-Il.I.H 
forms Ix-n.yvi hiomide and S(<’11 ..(JO HK (Betts, 
7’r. K. 2 k ',«il2l. Ally 1 sulphide acts similarly. - 
0. Broiiio an he acid and its ethyl salt unito 
ihrietly with Mr S and its hem >logu»s, forming 
hy«iroliroinnli s of ‘thetities’ (Crum Brown a. 
j’ett,, 7,035). 

Balts. 1 he Nil,, K, Ba, ami Ca sails arc 
V. sol. water. Pb.V : luminie, si. sol. cold 
water. AgV: cry-lalliiie; explodes al 90”.- 
Ur O A'. .Clarke a. Owen:,, }i. 11, .15). 

M >th i(i ether Me A'. (Ml ) (P. a. !>.). 

Ktlii, ) ether 111 V. (159' ). Converted hy 
Na into :i.-.« oi Be ( liter (r. p. 2). 

('hi- ./ i tier (jl/’l.(’ll ; .A'. (211). 
S.O. L ! J Id.’), l’rom ehloroethyl chloro aeetato . 
and Br (Henry, C. 11. 97, 130N). 1><eoniponed 

by luating with water into glycol cblorliydrin 

and hromo-ueelic acid. 

lii umo-cthyl ether 

( H ( HBr.O.CO.CH .Br. (135°) at 370 mm. S.(J. 

l ‘.Hi2* •l'rom * # H..(’Hf'l.OAc (v. p. 10ft) and 
Br at 100 J (K. m 1, /• 10, 1999 ; II. 1910). Oil. 
Boiling Jilcoln lie Kojl form'* bromo ae< tie ether, 
EtBr, acetal, and erotonie ahh hvde. 

J>i-bromo-rt.hyl cther 
r ll.Iii- .O.CD.ni.V.r. A non volatile oil, ob¬ 
tained by Iwating tin: pri.n ding (1 mol.) with 
Br (1 mol.) at 12U\ 

7Vi - hromii-ethj/lt- (her 
CH J*r a .O.CO.CII Br. An oil forrmd by heating 
hromo ethyl biomo-uo h-.e (1 mol.) with Br 
(2 nmls.) at 100'. 

Te tra - bromo- ethyl-ether 
C r HDr,.O.C’O.CH Br. (177 ). l 'rom the preceding 
(I mol.) and Br (1 mol.) at 170°. Decomposoo 
by alcohol into BtBr and bromo- and di-bromo- 
acttic ethers:. 

1‘cnta - bromo-ethyl ether 
CJlr.O.CO.CII Br. (c. 197°). Eorrncd by bro- 
tninuling the preceding. 
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CMorxdt V. BwHO-MBtlfc CHLORIBl. 

Bromide «. B»»o-icsm beomdb. 

Anhydride (CH. i Br.C0),0. (215°). *Ob- 

taincd by die tilling Ac.O.CO.CH.Br which is 
totmed by the action of AcONa on Br.CO.CH.^Br 
(Naumunn, A. 129, 273; Gal, C. B. 71,27:*). 

Amide CH.Br.CO.NH,. fl65°J. From 
bromo-acotie ether and 20 p.c. NIT 3 at 0° (Kestcl, 
B. 11, 2110). V. boI. water, b1. boI. alcohol, 
insol. other. 

Nitrile CHJtr.CN. (110°). S.(M* 1-771. 
V.D. 4 00. Broiao-acetonitrilo is formed by the 
action of broniino-wutor on iodo-acotoni trite 
(Henry, C. li. 103, 413). The dibromido of 
acetonitrile (p. 35) may be looked upon as a 
hydrobromide, of bromo-ucetonitrilu; when water 
is added to its alcoholic solution needles of the 
iraido (Clf.,Br.CO)..NJI (1)8 ) gradually separate 
(Engler, A. 133, 137 ; 142, (10). 

Di-bromo-aceticaddCHBr,.CO.Tr. [ 15\50°). 
{233°). Formed, together with 01I.d*r.CO..Il, 
when a mixture of bromine and acetic acid is 
exposed to sunlight (Perkin a. Duppa, C. J. 11, 
22; Schaffer, l>. 4, 3(58). Formed also hy the 
action of Br on acetic ether at 130' (Carina, II 

3, 33(1), and as a by-product in thu preparation 
of tri-hromo-ucetic aldehyde hy passing bromine- 
vapour into alcohol. Crystalline mass, v. sol. 
alcohol and ether ; its vapour is very pungent. 

Salts. Excepting Ag and mercurous salts, 
•the dihromo-ucotates dissolve readily in water. 
NH,A\ KA'aq. BaA'.luq. BaA'.fJaq (Bene* 
dikt, A. 1H'.), 1(50).—PbA'*: stellate groups of 
needles.—AgA': needles; decomposed by boil¬ 
ing water into AgBr, glyoxylic acid, and di bromo- 
aoetic acid; decomposed by ether at 100 ’ into 
AgBr and an oil, ojl.Br.O,, whence water forms 
di-brotno-acetic and glyoxylic acids (Perkin, 
a J. 32, 01). 

Nth ill ether Oil Br..CO..Kt. (103°). J-'ormed 
by heating the acid with alcohol ?»r by adding 
bromal-hydrate (4 pts.) to an alcoholic solution 
of KCy (1 pt.) (Hemi, ,1. II. 7, 2(53). 

Atniile CIII!r..CO.XH ; . (15U’]. Formation. 
—1. From di hrnmo-acelic ether and Nil, 
(Schaffer, II 1, 3(50; Kessel, II 11, 211(5). 
- 11. From pen (a •hrnmo-mvlo-acetic amide 
CJhyCO.CBr.CO.NH.. and boiling water (Stokes 
A. V. lVehnumn, Am. 8, 375). - 3. From penta- 
bromo acetone and NH, (Cloe/., A. 122, 121). - 

4. From asparagine and bromine ((«i^i»>sehi, II 
0.1435). /Voprrfwsv--Needles; may he sublimed; 
in. sol.cold, v. sol. hot, water, alcohol, and ether. 

Nitri /eCHBr..CN r .(112 a j. Formed,together 
with broinoform a'nd*CO.. bv the action of Br 
on Aqueous eyano acetic acid (lIotT, B. 7, 1571). 

Tri-bromo-acetic acid CBr,.C01I. [130’] 
(S.); 1135’ j (Gal, C. 11. 77, 7HP»). (250 ’). 

Formation.--1. By^he action of water on 
tri-bromo-aeetylbromide.— 2. Byhentingnqueous 
inalonie acid with bromine (lYtrieff. B. 8. 730). — 
8. By heating tri-hromo-acetio aldehyde with 
HNO, (SehiitTer, II 4, 370). 

Proju'rtics. Momxdinic tables, v. sol. water; 
its vapour is pungent, decomposed by boiling, 
giving off Br and IIBr. The salts, excepting 
the silver and mercurous salts, are v. sol. water 
and alcohol, but decomposed by heat, both when 
dry and when in solution, into broiuoform and 
* metal lie carbonate. 


BsUi.—XiX’ajtq: luitrou lamina* 
BaA,8aq: tablan-PbA'^ stellate gtora? d 
needles.—AgA': rety onstable lamina. 

Ethyl ether EtA'. (il2B°). i 

Amide CBr,.CO.NH r [121°]. Formed, 
together with the preceding by the action ol 
j bromine on asparagine suspended in water 
(Guarcschi, G. (5, 375). Formed also by treat¬ 
ing hoxa-bromo-neotone with ammonia (Weidel 
a. Griibcr, B. 10, 1148). Monoclinic laminw; 
may bo sublimed; si. sol. alcohol, ether, and 
! cold water. Split up by boiling alkalis into 
bromo-form, CO.., and NH.,. 
i BR0M0-ACETIC ALDEHYDES. 

! Bromo-acetic ortho-aldehyde. 

I A ’thyl ether ClFBr.CIl(OKt),. Bromo - 
; acetal. (171°). From acetal and bromine 
(Pinner, B. 5, 11!)) or by treating vinyl ethyl 
oxide with Br and decomposing the product 
: CH.Br.CHBr.OKt with NnOKt (Wislieenus, A. 
1! 12 ,112). AlcoholicKOII at 170° converts it into 
CII..OIf.CIl(()Ft).„ while NaOEt forms at 100° 
ClF(OF.t).CTi(0Et),. 

Di-bromo-acetic aldehyde CHBr 2 .CHO. (142°). 
Formed by dropping Br (2 mols.) into a solution 
t of paraldtdiyde (1 mol.) in acetic ether (Hage- 
; maun, B. 3, 758; Pinner, A. 170, 07). Liquid, 

| v. sol. water and alcohol. Blisters the skin. 

Slowly changes to an isomeric modification, 

: in.-ol. water. Combines with water, forming 
the solid hydrate CllBr,.CH(OH),. 
j Tri-bromo-acetic aldehyde CBr a .CHO. 

\ Brumal. Mol. w. 281 . (174 ). S.G. 3 31. 

Formation.—1. By the action of Br on alco- 
. liol (Iiiiwig, A. 3, 280; SehiitTer, li. 4,3(50). 

2. Together with the preceding, by the bromina* 
tion of paraldehyde. 

Properties. Pungent liquid; decomposed by 
aqueous alkalis into broinoform and formic acid. 

Fractions. —1. Fuming 1T NO* forms tri-bromo- 
acetic acid.—2. Alcoholic KCy forms di hromo- 
acetic ether and JlCy (Hemi, B. 8, 005).— 

3. Cone. IPSO, forms bromalido C J U..Br # 0 J 
or tri • bromo • ethylidene tri - bromo - lactate 

yO.CO 

CBr 4 .CH<; | [158°]. This body is 

Mt.CII.CBr, 

also formed by the action of tri-bromo-lactio 
acid on hromal (Wallaeh, A. 10.3, 52). It 
is insol. water, and decomposed by alcohol.— 

4. l'ri-ch loro-lac tic acid forms the corresponding 

yO.CO 

CBr,.CII< ( [150 c ].-6. Lactic acid 

\O.CH.CCl, 
yO.CO 

forms CBr,.CH\ | r07°] (Klimenko, 

'O.CH.CH, 

B. 0, 9l>8). 

Combinations. 1.Wit«.*water: Tri-bromo- 
oe,etic orthoa l^ehyde or Broma l-hydrate 
CBr # .<JH(01i) ; . [54°]. Crystallises on evapo¬ 
rating an aqueous solution of brumal. Decom¬ 
posed by distillation into II.O and bromal.— 
2. With alcohol: CBr,.CH(OH)(OEt). Bromal 
alcoholato [44°]. Thick needles; si. sol. water; 
resolved by distillation into its components.—3. 
With s odium bisulphite CBr r CH (OH). SO,Na: 
laiuinn>.~4. With ammoniaCBr,.CH(OH).NHg: 
crystals, insol. water ; decomposed at 35° (Schiff a. 
Tassinari, B. 10,1786).— 5. With acetamide: 
CBr,.CH(OH).NHAo. (160^ (S ju T.).-6. With 
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carbamaU: CBr t . . 
fromat-ureihu* [X3*°j (BUohoff, A 7,63*)’ 

B10H0-ACBTIC BBOXIDE v. Bbomo-ackttl 

momidr. 

BRO MO-ACETIC CHLORIDE ^Browo-acetyl 

CHLORIDE. 

BROMO-ACETIC OXIDE r. Anhydrite of 

BBOMO-ACKTIC ACID. 

BR01I0 - ACETO-ACETIC ACID 
itht'r C.II BrO, i.e. Cir..CUCIlBr.COKt. 
S.G. 1-511. 

Formation. By addition of Ur (1 mol.) to 
an ethereal solution of acetoae* tie ether (ltais- 
berg, B. 15, 1;*7j ; A. 213, MM). 

Properties. —Pungent brown li<jui«l: rI. sol, 
water, v. sol. ether un>l alcohol, Gradimllv do. 
composes on standing, giving olT HHr. IV Cl. 
turns its mjinous solution deep red. It i*di;- 
solved by banta-water. and on adding GiuOAeP 
tli© solution giv*s a sap-green eryst.illine pp. 

. Cu(C„IIJ>rO,h which on rceryst.il iiVat ion fr<>m 
alcohol or CS, separates as dark given needles. 

React oms. 1, Alcoholic Nit, forms sue- 
oinyl-succinic ether. 2^Na ad.led to its etlie- 
real solution also produces Rueoinyl-sueeiiiio 
ether (di hydride of dioxy-t*‘r« phthalie ether). - 
8 . NaOKt produce# B’uviny!>m.vmie arid 
(Wedel, A. 219, *32). Tin sit i< ictions may be 
represented thus: 2Clf J .CO.( , Hi > ,r.C<» lit 

Clf .CO.HI.CO.Ft I 

-2iil;n i 

cojit.cu.co.ni,, 

ClhCtOin.CII.CO.Et ! 

«2HBrt- 

CO,Kt.CII.C(OH):(’H 

Anilide. CMI,.CO.CHBr.CO.\'m , li. [l:t> . 
Bromine added to the anilide of accto-acef ie 
ether in chloroform forms an additive prodm-t 
which on wanning vi< Ms bromo areto-aei tic 
anilide (Knorr, .1.23H. 73). Ptaily plat* s (from 
alcohol): fd. sol. water. Cone. JI SO € proilwus 
bromo-oxy methyl-quinoline. 

Methyl-brr.mo-aceto-acetic ether 
CHj.Co.C'M'd’.r.COJ’t. Obtain* *1 by brornination 
of methyl-ac» to acetic* tli'T. r.’quid. Converted 
by heat into FlBr and <1 I [„<>., (Pa"low, C. It. 
97, 99). 

Ethyl bronn-ucoto-ncetic ether 
CII,.CO.( T.tIIr.Ct> Ft. S.G. 13d. Obtained bv 
adding Br to < thyl ac< to-acetic ether in ether* ul 
|K>lution (We 1* 1, .4. 219, 102). Pungent liquid. 
Fe u Cl B turns its alcoholic rotation violet. At 
100° it gives KtPr and C, or C.H,O a „ 

probably HI ..CPi.CiCOdpA 11.011, (c/. Demur- 
9 ay, A. Cli. [~>j 20, -105). 

Iso-butvl-brcmo-accto-acetic ether 
CH,.CO.C(C,I I„)Br.CO ,F.t. From iso-butyl- 

aceto-acetie ether aioL^'f at — 5'’ (0*marynv, 
Bl. [2] 31, 513; 33. old; .4. Ctf! \*\ 20, 433; 
C, R. 80, 1085,1135). Alcoholic KOI l convert f 
it, according to Demarcay, into hexoic, mathyl- 
isobutjl-glyceric, heptoic, ' xyheptoic, arid g!y* 
collio acids; according to Pawlow (C. It. 97, 
99) alcoholic KOII forms an acid C*H l; 0, or 
CH,.CO.C(CO ; iI):CH.Pr with evolution of Jitltr. 

Di-bromo-acfltn-acotic ether 
CH a .CO.CBr l .CO.?:t{?).8.G.3 ? 1-981.From aceto- 
acetic ether (tOg.) in ether (10 g.) treat* *1 with 
Br{24‘6g.) (Duisberg,/1.213,143). I’ungent oil. 

Reactions. —1. Aqueous i’e.Cl, gives a deep 


oofonr.—J. Baryta-votr jlm . oUrat 
oolonr, bat Cu(OAo), pire. no pp. in &{« •elu¬ 
tion- A wp-grmn pp. Cu(O.H,Br,OJ, ii, bow- 
ever, formed when cono. Ca(OAe),Ai| it added to 
an alcoholic solution of the ether; it crystallises 
m needles (from alcohol).—3. Diluted with 
etlu r ami treated with Na.di-bromo-aei to-acetic 
ether i s*)g.) gives di-oxv-terephthalie ether (9 g.j. 
NaOl.i mav be used instead of Nil (Wedel, .1. 
21* 7 Pi. 

Ethyl-di-bromo-aceto-acotic etb-r 
C„ll Br FtO, i.e. CII Br.CO.PPrJ.t.PO Ft (?). 
S (i. 1 •«»I. A Vtllowiih oil, gut .* v l*iouiination 
of ethyl aei-tu aeitie etlur. I*T (’!„ colours it# 
aleobdie Rotation win* red (Wedel, „l. 219, 102). 

Tri-bromo-acoto-acctic ether 
C11.1 >r.t’().CBr..C«>. Ft. S.G. •"> 2114. From 
:ie* to a.viie eth.-r (lOg.) in ehlov dorm (20g.) 
bv addition of br*>niine (38 g.) (Dim brig, d. 
213, 145). Yellow liquid, slightly punynt. V. 
id. sol. water. When heated, it gi\. a clT If Hr. 

lit u ti.’r.s. - 1. Aqueous Fe.t’l, pile# after 
smue time a slight re«l pp. 2. Gives in alco¬ 
holic solution with cupric acetate a green pn. 
Cu(G„H 1 Dr,().,). (Wnb l, A 219, 95). 

Ethyl-tri-br >mo-ftt‘eto-acctic other 
<’ N Br.ldG, i.e. CHIir .CO.CHrllt.CO.Kt (?). 
S.G. P.mJ. Its alcoholic solution is turin'd wine- 
r«-l by I V C-I,, 

Tetra- and Pcnta-bromo-accto-acetic etheri, 

! so ealb 1, are mixtures of tri- with per- bromo- 
aei'tu-aeetie ether. 

Pen t.i In nmo-a cetimicetami<1 a 
CHr,.CO.CBr.('().MI.. [e. I IS j. From di-oxy- 
ami*lo-p\riilim* ami broiniu* water (Stokes a. 

V. JVi-hnumn. Am. H, 375). Needles or prisms; 
converted by boiling water into di him no acet¬ 
amide and PIIBr,. Alcoholic Nil«givesdi-brotno- 
malonamid*! nud Cl I Hr,. 

Por-bromo-nccto-acetic ether (•„Mr 111 0., i.e, 

< ■ f5r,.C» >.<.'!*!•..(’().C.Hr,. jt’itr' 7o . From tri- 
bromo aw'lo-jf •' tic *lln r un*l bromimj at Htr* 
for 2 'lays, ('olourless crystalline maws. Not 
alTcct* ■! by air. Gives no colour will* I'e Fl 0 and 
no c'pper ]*p. (Wi del, A. 219, 97). 

BROMO-ACl.TO-AMIDO- v. Biu.-.m amido-. 

TRI-BR0M0-ACET0-OUANAMIDINE 
G,H,Hi,N,o a . From bromine and aqueous 
a ' togufuinmjde (Nencki, Ji. 9, 239). Minute 
i:' 'dies, iiiKfd. water, alenliol, and ether. Split 
up by boiling with \vat» r into hromoform and 
eyujjurie acid. 

BKOMOoACETOJu r. Di-na <M" i iioimnii. 

BROMO-A9ET0NE Glf v (!0.(.'U JJr. S.G.F99. 

Formation. 1. By adding I nml. bromine to 
acetone, nfla r jniro or mixed with water or with 
CN jiiiimt maun, .j. 125,*307 ; Pmm«frlin;j, ft. « 
•"*, 22). 2. P*y tlic action of a w* ah «•!* * trie cur¬ 
rent on a mixture of aeetonu and llllr (ltjchc, 

C. It. 49, 27b?. 

Prtjtiratiin. 1. A ?#r am of dry air gatu- 
iat**d with bromine (F'*«g.) is paa^< I through 
10*1 g. eoob.’d acetone (Finn, -rung a. Wagner, A. 
201,27b 2. Bromine (l mol.) it*passed through 
a solution of 1 mol. acetone in 10 vol. water 
(Sokolovsky, li. 9,1087). 

Pinptrtiee. "Yellow, very pungent-smelling 
oil, quickly turning violet when dry, more per¬ 
manent when mixed with a little water. A#,0 
oxidibcs it to formic and acetic acida (Linne- 
xnann, Site. It. 6h, 137). Aqueous K/iU, forma 
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femes witc NaHSOj,. 

, ti-Di-bromo-aoetotie CH,.CO.CHBr 2 . S.G. 2 5. 
Predated by adding bromine (2 mols.) to acetone 
'(l mol.) mixed with a large quantity of water. 
Liquid, volatile with steam. Not very pungent. 
Combines with NaHS0 3 . 

s-Di-btomo-acetone CHBr.CO.CHBr, [24°]. 
From di-iodo-nc.olonc and AgBr at 150°; or 
from di chloro-acotone and aqueous KBr. Loitg 
needles with pungent fiinell (Volkor, A. 122, 20). 
Reduced liy /n and 11 SO, to acetone. 

Tri-bromo-acetone CBr,X'<).C]l :J . Formed by 
the action of alkalis upon lioxa-bronio-melhyl 
methenyl di-kefono. N'lf 3 gives broinofoim 
(Combes, A. Ch. [Oj 12, 211). 

Tetra-bromo-acetone hydrate C 3 HJir J 02aq. 
[43°J. From Ha (10 j>ts.) and acetone (l pt.) in 
tho cold; when the resulting solid mass is re- 
crystallised from dilute alcohol a mixture of 
totru- and penta-bromo-ucetonc is first deposited, 
and afterwards prison* of tetra broino ucetonc 
hydrate CJLBr,!.) 2aq. T)ic hydiufe is insol. 
water, sol. alcohol (Mulder, «/. 1*04, 320). 
Perhaps this body is (0,11 .Br,0)ll(>Kt. 

Pentu-bromo-acetone 0,fIBr,0. {70°J. 

Formation. 1. From Hr (12 pis.) and acet¬ 
one (l pt.) (Mulder,*/. 1 HIVI, 330; </. Hleiner, 
U. 7, 50.'), I2S|). 2. Sepaiuhs on adding water 
to an alcoholic solution of * plilorobromin,’ 
tlmt 1ms stood some time (Benrdikt, C. C. 
J«7H, 101; A. ls«j, 10s).- 3. From potassie 
citracomito and Hr (Oahours, A. 01, 35I; 
Oriinanx, J. |H/I, 522).- I. From ehrdidonic 
acid and Hr (Wilde, j. 127, 107).—5. From 
aqueous pyruvic acid and Hr at 100' (Wichel- 
haus, A. 152, 200). 

1'roper lien. - Tri metric, needles (from dilute 
alcohol); n:5:c-=‘ 02 H : 1 : 0S#1 (Diischeimr a. 
Friedliimler, Kri/st. 3, 103). Converted by 
aqueous or alcoholic Nil, into di-bronio-acet* 
amide. Aqueous KOil fotms brom«fori% llBr, 
CO. ; , and formic acid. 

Hexa bromo acotone CBr,.CO.CBr.,. [112°]. 

Formation.-- 1. By the action of Hr on an 
aqueous solution of tri amide phenol hydro- 
chloride or Indrnhroinide, or on * bromo di- 
chromuzin ’ the fust product of the action of 
bromine on these salts. 2. From bromanilio 
acid and Hr (Ilaht/M-h a. Fcliiiiter, It. 20,2010). 
3. Froindi nmido guaiucol hydrochloride ami Hr 
(Herzig, M. 3, 825). * f 

Prajh'rtics ,—Motioclimc prisms (frill if chloro¬ 
form) nisol. water. Decomposed by alcohol. 

Fractions. 1. Boiling NuOlIAq or water at 
180° form bronioform juul CO... 2. Boiling cone. 
UNO; 1ms no Helton, out at«J50° it produces 
bromo picrin FBr.NiH.---3. Pry Nil, gives rise 
to tn-bromo-acclumidc ami CHr.,11. 4. Sodium 
vnahtam reduces it to iso-propyl alcohol. 

BK0M0 - ACETONITRILE v . Nmwjc or 

BltOMO-ACETIC ACM'. 

a'-BR0M0-ACETOPHENONE Ctfl.BrO i.e. 
3„H v rO.C'il .Hr. Phenyl bromo-rnclhyl ketone. 
Vhenacyl bromide . [50'J. 

Formation.— 1. From acetophenono and Hr 
Emmerling a. Knglcr, B. 4,118 ; llunnius, B. 
.0, 200f>; Staedel, B. 13, 837).—2. Formed, 
ogothor with CO. and 11 Hr, by boiling a-phcnyl- 
•oxy-3-dibromo-piopi('nic acid with wutcr 
Bottirger, B. 14, 1238). 


2S J* t .W f*. ol acetophenon, 

and BOO pts. <rf glacial acatio acid: Altar stand. 

HI? Jaw ? 111 ‘\ gen . t , 1 ? hcatei1 on s mter bath 
till colourless, when it is at once poured into a 

largequantityofcold water; the yield is 133 pts or 
80 p.c. of the theoretical (Mdlilau, B 15, 2464), 
Properties.— Trimetrie prisms (from dilute 
alcohol); pungent; v. sol. ulcohol and ether, 
insol. water. 

Reactions.- 1. KMnO, forms benzoic acid.— 
2 Alcoholic Nil, forms iso-indole C„H.N T .—. 
.3. Willi sodii.-malonic din r it forma 
C b l [ ,.CO.OIF.C1I(CO JI);.— 4. With l in-ace to¬ 
ft a: tic ether it forma acetophemme-aeeto-acetic 
j ether (v. p. 30). - 5. Aniline forma phenyl. 

! amido-acelnphenoiic (Molilau, B. 34, 172). - 0. 

; Heads with hydroxylamine hydrochloride with 
. production of ihO-nitroso-acetophenone-oxini, 
C,H v ( , (N()Hi.CIl .NH.OJI [lt>3 'j (Schramm, B. 

■ Hi, 21*3). 7. An alcoholic solution of phenyl 
hydrazine reads thus; J u.CO.CJJ Hr > N s H s Ph 
| -- IIHr f JLO + Ph.C4J..N.,Ph. The product 
forms yellow needles (faom alcohol) [137 ,J ). It 
is very soluble in ether, chloroform, and OS.., 
less in alcohol or lidit petroleum. It is de¬ 
composed by acids (l>. Jit A. 232, 231). 

a-Dibromo-aretophcnono C (i Il y CO.t!!IBr a . 
[37 s ]. Prepared by adtliug bromine (2 mols.) to 
a cold solution of acetophenone (I mol.) in acetio 
acid, warming to 1 m’- 70°-, and pouring into 
water; the yield is c. 80 p.c. of the theoretical 
(Kngler a. llassenbamp, It. 18,2210; cf. llunnius, 

I B. 10, 2010; Fit!ig a. Winder, A. I'd, 101). 

! Properties,- Trimetrie tables (from C‘. S.); 
j insol. water. Oxidised by KMnO, to ln nzoie acid, 
j Pc,i,Hons. 1. Alcoholic J\OAc forrna 

I‘h.C().C'll(OAe)„.— 2. Alcoholic hydroxylamine 
forms phenyl glyoxim lMi.C(NOHi.(TI(NOIl) 
[152°].- 3. liy treatment with MI, a portion 
, breaks up into benzamide ami Cl I .Hr., whilst 
j ftiiotlfer part yields isoimlileueiiie 11,NX). 

a-.TRI - BROMO-ACETOPHENONE-o-CAR- 
! B0XYLIC ACID CHr,.CO.C ll il,C0..1I. [Hitrj. 
From phthalyl-neetie aeid and Hr. Resolved by 
a'kalis into CHHr, and jditluilic aeitl ((iabriel 
; a. Michael, It. 10, 1551, 2ltd; 11, 1007). 

I BR0M0-ACET0THIEN0NE r. 'J’iiiksvh 

j MUiMo-XtKTim* KU'i'ONK and lill<'XlO-1 illENVL 
MH'l'IIVI, KKToNK. 

HEXA-BR0M0-ACETYL-ACET0NE v. IIexa- 

iiat>Mi)-i»i-Mi;TiiYi. >n nni.ENE m- kttone. 

. BR0M0-ACETYL-BENZENE is Huomo-aceto- 

PHENONK ((/. V.) . 

BR0M0-ACETYL BROMIDE CH Hr.CO.Br. 

(150 '). S.G. ?- 1 2-317. 

Formation. —1. From Aellr and Br at 100° 
((hil, A. 120, 54). -2. Fi ,-'4 Ac Hr and PBrj at 
1£0 1 (Snmosaiiskv, Z. fv] 0, 105). - 3. From 
AcCl (04 jits.) aml*Br (120 pts.) at 100 (Hiibner, 
-4. 124? 315; Naumami, J. 120, 257; Gal, A. 
132, 170).- 4. By direct combination of u-di- 
bromo ethvleno CBr..:(TI, with oxygen (Demole, 
C. B. 80, 542). 

Properties .—Pungent liquid: Idi.-ters theskin. 
Bead ions.—1. Aqueous Na.CO; forms sodium 
bromo-aeetate and sodium glycoilato.—2. Dii- 
tillation with NaOAc produces Ac a O, bromo- 
ncetio anhydride ami glyoullide.—3. ZnMe, 
gives a compound wheuco water liberate* 
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methyl-isopropyl-corbino!, acetone, anti methyl 
•Ayr! kekme (Winogradow, A. 191,127). 

Di-bromo-acetyl bromide CHBr r CO.Br. 
(194°). From the preceding and Br at 150° (0.). 
Formed also by the action of oxygen on tri- 
bromo-ethylene (P.). Fuming liquid ; con¬ 
verted by alcohol into di-bromo-aeotic «ther. 

Tri-bromo-acetyl bromide CBr,.C(>.Br. 
(*J20''-22.V :i ). From the precedin'.: and Br nt 
200 s (0.). Slowly converted by water into tri- 
bromo acetic acid. 

BBOMO-ACETYL CHLORIDE CH.Br.COCl. 
S.G. - 1*91. Pungent liquid, pro lin ed by the 
action of PCI, on bromo acdic acid (Wilde, .1. 
132,171). 

BBOMO-ACETYL CYANIDE CU Br.CO.C.W 
J79°]. Formed, together with (’ll t’N.CO.Ur by 
thn action of AgCy on brommac. t\l bromide 
(Hiibner, A. 131, Momxdinic tab!. *, <1. com¬ 
posed l»v wat»r int•. MCv and CM.Ur.CO 11. 

BROMO-ACEIYLENE CBr-CU. Formed by 
the fiction of alcoholic K<>M on CU Br.CBr, 
(Itcbnul, .1. 12», bl|, on CU Br.CHBr. (Ah xe- 
jeff, Z. 0, fil 1 1 , or on Cl Hurt'll Ur iS.iwitj.ch, .1. 
119, I S3; Fontaine, C. 7u, Idtil; Saba me IT, 
in. ;-2. io, 2io>. 

/V* 7 Ac. tyS ii,< dibi.miide is heated 
with NuOlI find dilute aic'd^d in an apparatus 
filled with nitrogen. The gas is coiidrii.-cd by a 
freezingmixture (S.l. 

IVo/i.<*ai at ordinary temperatures; 
in. sol. water. In the liquid form it i- d< com- 
pO'i-d l>v light into .s tri bromo I--u.u n>- and 
other product.s. It tab«'< lire in air; when 
slowly mixed with air bmino-ae. tic acid is 
fonind. Amni'miaeai cuprous clilor.de gives 
a red j.p. if e.pious aeet\lid>\ Br forms 
CIIBr.CHr. 

/}.BROMO H ACETYL PROPIONIC ACID 
C.1I BrO, U. ( ll ( .CO.Clll’r.( II .Cu ll. Bromo- 
h'VllHi' ltd l. ;.V.I "■ Cn -t.llii.ied flout CS . 

Kirninfi’.'n. 1. By bromination of a solution 
of /8-acetyl | rq»ionic acid in roue, 1IC1 ‘ >w<) 

2. By the action of water upon (abanpcVo- 
1 act one dibroijude (Wo! if, A . 229, 2tifi; i\ Pi- 
urom >. <xv-vu.r.isn: Acm). 

l'to'fU rtic*. White needles (from CS b So!, 
alcohol,«ther, and water. 

Be. ?• By the action of aquc-cu Nil.CO, 

it yields i>\y-ac fii-pr qeonic acid ami aert- 
acrylic acid, By heat mg with cone, aqueous Ml, 
at 110''-120’’ di-in«*{lr. 1 btine m ira nu-lhyl- 
pyra/incM' 4 Me,N.. i.i f-.rin-d, with . volution of 
C0 2 . With aniline it giv< s di-phenyl-P tru- 
mpthyl-di-h)Jro pvra/ine t^MojN.Bh, (Wolff, 
B . 20,125|. 

Ethifl i'thrr Va.V. <210 h R.G. 1“ 

From Br and ethyl ff-ueefyl-propiohute (Conrad 
a. Guth/eit, Ii. 17, 22^0b e Mai..ilie ether and 
NaOKt com* rtit into .ndhvl props! k« t*m«. tri¬ 
carboxylic other (CO lit i.Cil.CyAc.CII..CfB lit 
(c. 283") S.G. Si 1097. " . 

Di-bromo-d-acctyl-propioric acid CjHJIIr 0,. 

Solidities about 9J Fr.«in 
propionic acid, chloroform and Br. From 

broino-ff • fleet vl-propionic acid and bromine. 
Bong thin medh-.s (Wolff, A. 229,200; Holla. 
Kehrer, B. 17,19**!). 

Tri-bromo-ff-Acetyl-propionic acid C ,11 .3,0,. 
(83°]. From B-acotvl propionic acid, Br and 
chloroform [Wolff, A. 229, 207). 


BBOMO-pjrKrio-ACETYTr-PTItBOL v. Baano- 

fVRRtX-MKniTL KKTOSK. * ’ 

BROMO-ACETYL-UREA 9. Ukra. 

BR0K0- ACIDS r, Bromo- rimrouNDfl. 

! BBOMO-META(BOLBlH(C\H J llrO),{7).r78 <? ]. 
Avrolcin takes up Br forming didmuflopropiunio 
uKbdjydc, a liquid which poh menses, becoming a 
gummy mass, which may also be obtained by 
the no.'-ii of Br on metacrolcin. NaOKt con- 
\«rt^ this gummy meta.-rou in dihromidf* into 
1'ioino nn { acrofem (Uritnauv a. A la*u. Bl. j‘2) 
Idl'd. Needles (from alvolio!•. lla< no smell; 
dees not r.-duee F. !ililij'"s :.-1 lit. n. Whell dis¬ 
tilled with H ; SO, (1 vol.) it- l with water (i 
\<>M it gives nil exto uitly pungent \ a pours 
which may be conden-ed to a liquid, sol. water, 
which is probably bnuwo aerob ni. By heating 
with NaOKt it is c«>n\rrtod inloC H U Br<B ! 110' ]. 

a BROMO-ACRYLIC ACID C.fl.B-O, 

CM :CBr.CO 11. ;70 From aa «t »ut di bioino- 
pnqiiouie acid and aleoholic K«)11 (Philippi a. 
Toll, ns, A. 171, :«:I3 ; Wu/imt a. Tollenn, .1. 
171, UK); Krlcniniyc*. H. II, Jm.7). 

/Vo; rrht-s.-- lie* taugular niomu linic platen, 
v. sid. water and alcohol. Peoompo-, ,| hy ilia- 
tillfiiion or expoMire t-» light. Combines with 
HBr burning o.bdi bromo propionut a< id. 

Salt>.- Ai'.V. BaA’ faq. CaA laq. — 
KA*. NaA'aq. Ml,A'. ZnA'. 

Kthyl , thr> Kt.V. (c. I.»7 ). (77 ) at 90 
mm. With Milium malonio ether if given 
CO I’M (i’ll b(dl(Ct).l!ib. identical wilh thn 
compound fioin .,/t di - biomo propionic ether 
and di '.odmm maloiiie t tlu r (Michael, pr. j‘2J 
3o, KM). 

/J Bromo-acryllcacid ClIBs d'U.CO.H.; Ufi°J. 
From liroiiialide or fmm tn i-hioio ethyiideno 
tri -1 joino lactate by re In. tioii with Zn and l|(!l 
(Wailaidi, .1. 193, Point. .1 al m by tin) 

iiildition of IIHr to prnpiolic aeid |Baiidinwi.ki, 

/;. I.',, 2702; Stol/, //. J9. .Mm. Plates or 
ni* die;;, Hid, water and chlorofuim; explode* 
on heath.;'. 

Aery I colloids. Ties name is applied by 
Wagner a. Tulin to tlnei; bodies having the 
composition (C,K / 

u-Acr : /lcnH'fiii. Is formed in the pre¬ 
paration of ti-bioiiio acrylic mud fiom a/Bdi- 
broiiio-propionie acid, e: jK-etally win n t ho action 
heonies \io!ent. Ituol. wal.r, ule.diol, ami 
ether, m» 1. NIl,Aq and not ri pj»d. by HCh 

ii-Acrpl-cnUoiil is forimd wln n aduomo- 
aer.l.e ac ; igs b ft over H SO,. It. is a porous 
mas , ><•!. Ml.Nq and repp-j. by IICl. 

v .|<-n/i-ei» /.■/./]:• form..I with m pa ration 
of l.tlir, by beating dh\l e bi , ..mo-aerylato. 
Alien pilous ; in. id. NJljOiJ, but beC'jU'iftg 
p-jnii.iv therein. ' 

Di-biomo-Acryiic acid ( tll’i.Cl'r,C0 2 JI. 

. U. fc 19 at Is'. 

• !' 1. From/; ico biomic acid nnd 

r.,M Jj.-ir;. la-wah r f.Iaeksoi, a. 1J*11, H. 11,1073» 
.hi>, :5, ill ; 1, 1C.9, 273; Mill a. Andiewn, V. 
Ju , .1. UJ, 192; 17, 13-i). 2. From aim. 
ho;ie Kolt and uofl- tri-bromo • pw.pioiiic acid 
iM.eha'-l a. Noil n, Am. 2, B'; M.mth/ier a. 
Simla. Sits. It. Hit, 273; /•/. 1, BU). 3. From 
ajift tn biomo-propjnuic acid and alcoholic Kf)ll. 

itui-. i’<arly plates Mrotn alcohol). 

S i:, cibi r and cliloioform, fh bo!, henzerie and 
i C.S r Boiling bury U-watu form j bromo acetylene, > 




Heated %ith Br in a sealed tube it forma tetra 
bromo-propionio add. . 

Salts.— AgA': elender needles.—PbA', aq: 
pearly plates, si. sol. cold water.-BaA' 2 aq.* S. 
0*28 at 18'.—CaA'.jitaq: long needles.—KA'. * ! 
00- Di- bromo-acrylic .acid CBr.gCH.CO.H. ! 

8 . 8-Ofi at 20 ’. From tri-broino-.suecinie 
acid by heating with water (Fittig a. Petri, A. 
1M, 70). Formed also by the union of l*lir 
Vitli bromo-propioliv acid (Hill, B. 12, OUO; 
Hill a. Maliery, P. Am. A. Hi, 211). ' [ 

Propcil Veil. lunge plate;;; boils with partial 
decomposition at 21.) -25b°. V. e. sol. alcohol, . 
and ether; in. sol. cold water. Does not com- ; 
bine with Hllr in the cold. Does not combine 
with JSr in tiio cold, but at it forma tetra- i 
hromo-propionic acid (.Maliery a. Itobinson, Am 
0,251). ; 

Balts. -IhiA', 2aq : B. 12-fi.J. - Ca.V, ,’1'aq. i 
Ethyl ether lit.V. (218"). 
Tri-bromo-aorylic acid ( Hr cCHr.CO.II. j 
[118 ]. 8.1 *.17 at 21) A From ufhld-tetra-bronio. 
propionic acid and alcoholic KOH at do 1 
(Mauthncr a. Kuida, M. 2, Kill). Formed also 
by treating bromo-propioiic acid with bromine- 
water (Hiii, Am. 3, 17H); and from di-liromo- | 
lodo-acrylic arid and Hr at 100’ (Maliery a. ! 
Lloyd, Am. 4, 02). Mimoelinie prisms, a\h‘c 
; *502:1:*5f,0 (Melville, P. Am. A. 17, 151). 
rnelinie pyramids, a:b:c. M28:l:l-150- o . 

811 ’ IS'.fl 02" 211’, y -111" ll'jlleeko, M. 2, 111). 

V. sol. aleolad and ctlier. Does not combine 
with bromine, oven at 200". The Ha salt yields 
tri-bronni eihyleni* wiien lioiled with water. 

Halts. liaA'jOaq. HaA'.ltiiq. S. (of BaA'..) ! 
80*6. OaA'.. ilaq. AgA'. * ■ 

BROMO-AMPIC ACID C„H.,llrO,. From’ 
adipic fteni and Hr (1 mol.) at lfiO’ (dal a. (lay. 
Lussao, (’. H. 70, 1175). Dark-brown mass, 
smelling ldm ramphor; cmiverted liv boiling 
alkalis into adipomalic (or oxvajipi*?) acid 
(v. p. lil). " ' 

(o).di-bromo-adipio acid C„HJ!r.O,. From 
ailipio and Hr (2 nulls.) at 100 ■'((}. ft . (*,.). 
Powder; decomposed by wider. Water at 1 .111 * 
forms udipotartario (or di-oxy adipic V) avid 
(«. p. ti I). ' 

(0) - dl - bromo - adipio acid C ii Iir.,0 
[116 -122’J. Formed together with hrnnm- 
iiydromuconic acid, by tlm action of Hr on a 
•ohiiion of hydromuconie acid. (I.impiielil, A. 

20"). \oidlcs. Converted in4hibi.it Ag.O 
or baryia inio di-oxv-ndipio acid. 

(y) - di . bromo * adipic acid C 11 Hr O 
[170 - li'IFj. Formal by adding Hr to a’warm 
Bolulion of bydrunmconic arid in glacial llOAo 
J 1 '*) htnnl ( »ced!ca. Converted by moist Ag.o 
into mueoniv acid, and by sodium-amalgam'to 
hy droimi come arid. 

Tribromo adipica«fco.H.Ilr ) (),.[177 l> -18rt’]. 
Formed by treat mg a hot solution of liydro- 
mucomo neid with excess of Hr (L.). Small 
needles. Consorted by boiling baryta-water into 
tri-oiy.adipic acid. 

Tetra. bromo-adipio acid C.H,Br,0,. [*211-'). 
Formed by beating bydromuconio acid with Br 
and water at 100 *. Crystalline. V. si. sol. 
water, v. sol. alcohol. \V 

* BB0M0-JESCULETIN v. JSacuLKTiN, p. Go. 
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BBOW-AtBUKH v. 

CHBnCILCHk.OJVc 

From broirio-ally! hromido (0-epidiliromhydrinJ 
“I'd alcoholic IvOAc (Henry, Is. r,, 1531. 3 j. r .' 
grant liquid ; not attacked by I’Cl . H w 
a-BKOMO-ALLYL ALCOHOL CIIBrO 
Cir.gCHr.cn/JFI (152 ,. From ml.n.im’ally,' 
hromido (o-cpidihion,hydrin) and water at ISO 3 
(Henry, 1) 14, 40.1). T.iquid ; converted by 
aqueous KOH into propargyl alcohol. 

0-Bromo-allyl alcohol CHIirtCH.CH.OHfi) 
155°). H.fi. 'M-O. From 0-hromo-allyl 'acetalo 
(v. sup.) by distillation with solid XaOII (Henry 
D. 5, 153). Is perhaps identical with the pro-’ 
coding. r 

DIBR0M0-DI-ALLYLAHINE C.II.Br.N i.e. 
(CjII.Hrj.NH. Prom s-tri-bromo-propano (tri- 
bromhydnn) and alcoholic NIT., at 100 (Max- 
well Simpson, P. M. fd) it;, 257). Also from 
broinoallyl bromide and alcoholic NIL (Heboul 
A. Sity/il. 1, 2,12). Alkaline liquid, v. si. sol 
water. Converted by alcoholic Nil at 250° into 
methyl-pyridine. B'JU'tCl,.—B'lf-CI 

BR0M0-ALLYL BROMIDE v.° Di-imimo- 

rnoi’YM’N'K. 

BE0M0 ALLYLENE v. Pitoi’AimYr, nnoMiine. 
Bromo-diallyleno r. Hnxmvvi, imowtms. 

BROMO AILYL ETHYL OXIDE v. Erntr. 

IIIIOMII-AI.I.VI, OX111K. 

BROMO AI.LYL NITRATE 

CHilr:CH.CH,.0.\0. ( >). (l it)" 150 ’). fl.O. U 
l -i. From 0-ljrimio-ailyl liroinide ami Ag.N’O, 
(Henry, II. 6, 452). 

BROMO. ALLYL OXIDE C II Hr.O i.e. 

S -*'*' 0 ^* IPomo-uHiil r tiler, (c. 

S.(r. 1*7. Formed together with prop* 

arjyl alftihiil from /3br«>mo-allyl alcohol and 
solid KOH (Henry, //. (», 7211). 

BEOMO-ALLYL THIO-CARBIMIDE 
C.H.ItrN.CH. (c. 200 3 ). From bromo-allvl 
bronude and alcoholic poiaesitim sulpho- 
e.vannle (Henry, II. 5, 1HH). 

BROMO-ALLYL-THIQ-UREA 

(0 H.llrJNH.C.S.NH... (111 3 ). From tile pro- 
codmg and ammonia (It.). 

TRI-BR0M0-AL0IN ,*. Ar.eV.N-, p. 141. 

BROMO-AMIDO-AOETOPHENONE 

: x*5:2:1 j CJI a Br(Nn..).CO.ClI,. 
j Acetyl dcriViitivo 
j C 8 H.,I3r(NIIAc).CO.CH J . [1G0°J. Obtainud bj 
i bromination of acctyl-o-ami.lo-ncotophcnone iu 
acotio acid solution (Barycr a. Bloem, B. 17 
t)C5) Slender fcltod froWle^ noe.llcs, Bol.’lioti 
si. sol. cold, rficohol; v. sf. sol. cold water. By 
JvMnO, it is oxidised to hromo-isatin 1255°]. 
l>y bailing with KOH it yields bromo-indigo. 

a'vm-Tri-bronxo-o ar.iido-acctophenone f5:2:ll 
CflllJlrlNHKCO.CllBrj. [c. 145 ]. Fine feltea 
orange yellow needles. V. sol. alcohol and ether, 
si. sol water. . Obtained by saponification of the 
acetyl derivative by boiling it with a mixture of 
alcohol and aqueous HBr. 

Acetyl derivative 

C ti lI ;t Br(NnAc).CO.CHBr a : [185 a ], yellowish 
granular crystals, v. sol. ohloroform, i] *oL 
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•SmCmL Formed by the aotioo of btoafot 
vapour on dry Aaetyl-o-amWo-aoetophenona 
mixed with a little iodine. By boiling with H& 
it yield* *-di-chloro-m-bromo-o-aitmioacctophe- 
none. By KMnO, it is oxidised to bromo-isatin. 
By boiling with dilute NaOH and exposure to 
the air it gives brorno-indigo (Bnrver a. Bloc m, D. 
17, 9CC). 

DI-BROMO-AMIDOANTHRAQUINONE 
C,.HjBr (N’I1\)0 . [170 J uncorrA Prepared by 
reduction of dihronio-nitro-anthraqninone with 
stannous chloride (Claus a. Di. ruf. llm r, U. 14, 
1334). Slender red needles, hi. sol. all solvents. 
Has no basic properties. 

BR0M0-AMID0-BENZENE v. Bkom>-ani- 

USJS. 

(1, 2, 4)-BR0M0-AMID0-B£NZENE SUL¬ 
PHONIC ACID C.HJtrNSO, i.e. 
C,H,Br(NIP)SO,II (1:2:1'. Dry-.oaniUnc gul 
phonu: acid. S. 1 • It* at 11° (S.); 201 at 20’ 
(A.); 1*:U ut 

jFWni-.7fnMi.--l. JJv reduction of(l, 2. 4)-bro- I 
mo-nitrobenzene sulphonic aeid ((ic'dieh, A. \ 
180, 1(H)).- 2. By su’phi'Mution of o-bronm-ani- ’ 
line (Andrews, It. 13, 212iJ). 3. From hrmnn- 
benzene ;>-sulj honic acid by nitration and in- 
duction. -I. From very dilute aquooiu ami-lo* 
benzene m-sulphonio sudd and bromine-wan r 
(Ban.durth, .4. 131, 5. From (1,3, 4,(5) di- 

bromo.m-amido.bi u/fnc sulpbonie aeid, fuming 
HCl.and red P at 15i)' (Limprieht, li. 10, 1512). 

6. By heating the acid w.'.h water at 250 ’ 
(L-). 

Propetlies. -Anhydrous modus (from cone, 
aqueous ,-dution) or four- an 1 six-sidi <1 columns 
containi..,' ft'i (from «Iiluto t-dtilion). SI. sol. 
alcohol. Il< due<d by HI and P, or by water sit 
120°, to amido-ben:-.* ue w-sulplnmic acid. 

Salt K VI.1 aq (Ba.).---K A'nq tSpii gr-Iberg, 
A. 137,257).- B*A' ; aq. -Ba.V.3aq. .S.p.fBaA'J 
6*22 at 17- l’bA'... - CaA’ a 2aq. -Ag.Vltnq. 

(1, 4,3i-Brora->-amido-ber\zene sulphonic i :id 

G, H,Bi(MI,)SOJI -1:4:3]. 8. -47 at 15 \ 

Fin in i(i m.~ 1. By heating />-brotno-anilmo 
cthyl-aulphalo (Xuiting, li. 8, 103-5).--2. By 
adding bromine to a cold aqueous solution of 
barium aniline «> -mlphonatc (Bimpricht, .1. 181, j 
130).—3. By nitration and reduction of bn ioo- j 
benzene »»-sulp!umie acid (Thomas, A. 1 hi'., : 

4. From acetyl-^-bromo-anilino and fuming 

H, SO, (Borns, A. 187, 308). j 

Properties.— Siend. r silky needles (contain¬ 
ing aq) or largo ctUororout prisms (with 2aq). ; 
SI. sol. cold water, v. si. sol. alcohol. <>nv» rt« l 


ot tha <&). Priinu: A wl «oM 

water,—B aA'.xm : Umitm, ▼. aol. water, 

Bromo-aaudo-Wigng lalpbonio add 

O t H J Br(NH t )(SO l H) [1:3: x). From aoety! *. 

; bromo-anilina and fuming H s S0 4 (Borxtfl^B. 8, 

. 1072). Needles.— BaA'. 2aq. 

(1.2.3.5) -Bvomo- amido- benzene dienlphonia 
acid C c H.Bi(NU..)(S() 4 in, [1:2:3:31. Formed 
by bnuninaiion of (1,2,4) -amido benzene disul- 

i plnfnic aci<l (Zander, A. 138, 1). Needles (cott« 

| taining aq); v. sol. water, si. sol. a- ■ >1. 

| Saits.—The acid salts are less soluble than 
i tho norma! ones. — (NH 4 )..A"2aq. BnA"3aq.— 

! Bull A'jftaq. PbH.A"5aq. K A"2aq. 

Bromo-aiuido-bentene disulphonic acid 
' CJl.BrtNH.)(SOJI) 4 [i;4:3:5] or [4:1:3:5] 
or (2:1:3:5]. Formed l>y adding bromine to an 
1 aqueous solution of (1 or 4, 3, 5) amido benzene 
disnlphonio aeid (Hoin/ehniinn, .4. 183, 173). 
Prisms (containing 2jinj); v. e. s<d. water.— 
BaA"Saq. !‘bA"3a<j. 

Bromo-di-aniido-benzene gulphonlo acid 
C 0 II Bi(NH ) S<),!i (l : 2: C : 4]. liroma-m-phenyl- 
ene-diamine gul phonic arid. S. ‘51 at 17°. 
Hot by reducing GJlrjNO.I.SOJI with SnCI, 
(Jiiissmnmi, A. 131, 214). Bong white needles 
(containing nq), turns yellow in air. When 
pure it is >1. : <*1. water, when impure it is very 
soluble. Insol. alcohol. Paper moistened witfl 
its solution turns red in air. Tho aqueous 
solutions of its salts turn Idiio or red when 
evnporatid. Converted by dia/.o- reaction into 
yr-brnmo beii/t-ne sulplmnic aeid. - BnA ,aq. 

(1.3.2.5) Di-broino-amido-boiizcne sulphonl* 
acid GJI t .Br (NH..)(S(),H) (1:8:2:5]. Formed 
by adding bromine to an aqueous solution of 
aniline p-siilpluuuo aeid (Schmitt, .4. 120, 138; 
Benz, li. 8, loild ; A. 1H1, 24). Formed also by 
brojniimtiiig (l,2,4,)-amidu benzene distilphonio 
acid (Zander, .4. 133, 10). Needles or prising 

i (containing 2aq); v. sol. water and hot alcohol; 
]»pd. by one 1 I SO, from its aqueoin solution. 
Br f-mrs tri broino aniline. BaA' ; ,2aq.— 
BaA' v 8(aq. 8. (of B:\A' ; ) *1(5 at 11”. PbA'/iaq. 
—Ai* A*. 

/.V.jrfe*/r. W'h forms a product, (probably 
C H Br (Nli.POCB)SO Ci) from which alcohol 
produces C t II.Br,(S(> 4 CJ)NH.PO(Oi:t),. [170°] 
(Baar, J. yr. *128, 250). V. also m mbtiita* 

AMIP - m.S/rVK StrLI-II'iMC ACID. 

(1,3.4,(»)-Di-bromo-amido-benzone sulphoalO 
acid CJLBr.(N!I.)SO,I( [1:3: l:(ij. H. '262 at 
li) 1 ; -213 nil'-, •131 at 4” (Berndsen, A. 177, 
81; Beekurts, A. 181, 213; Beinke, A. 180,280; 


by Br into tri-bromo , aniline. HI and P form • Knuth, A. 180, 301; Banpfurth, A. 131, 180; 
Aniline n-sulphonic aeid. ■ Ibi nmun, A. 131, 223, 283; Spiegolborg, A» 

Salts. NH,A'.-- K.V.—BaA'jnq. CaA'.aq. ; 137. 3 0,. 

—PbA'.2aq. Formation.-- 1. From amido-’ enzeno m-sul- 

(l,4,2)«Bromo-amido-behzeno sulphonic acid jdionic acid and bromine, — 2. From (l, 2, 4)- 
0 # H,Br(NH.)SOjII [1 4:2’. 8.114 # at 18°. From bromo ami lo benzene suljdionio acid and Br.— 
bromo-benzeno o-suhdionic nrfd by nitration ; 8. From the corresponding ^'JI Br^NOJSOJI.— 
»nd reduction (Bahlmann, A. 181, 203^1^0, 4. From (l,3,5,2,(5)-lribro?no-nitro-benzeno gul* 
818). Needles (from cone, aqueous solution:-) phonic acid, Sn, and JIC1. 5. From tribrorao- 
or rhombohedra(’) containing 2aq (from dilute amido benzene gulplionio acid by treating with 
Aqueous Bolution); v. sol. hot water, insol. a leu- water at 150’, or by treating with 8n and HOB 
hoi and ether. Induced by HI and P to aniline ' Properties.— Needles (from hot water); gl. 

m-«ulphonic acid. Salts. -BiA' 2 2aq: needles, sol. water, in«ol. alcohol. 

».•. «oL water. -PbA' r —AgA*. s Reactv mm.—1. Water at 250° formso-bromo- 

Bromo-amido-beaieno sulphoaio acid ! aniline sulphonic acid and aniline m-sulphonia 

Q l H»Br(NH 1 )(SO,H) [l:x:2]. 8. *74 at 8°. acid.—2. Diaeo- reaction gives (1,3, 4)-di-broiao* 

Formed in smaller quantity in tho preparation benzene sulphonic acid. — 3. Warmed with 
Vol. L N N 
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ttrong Alcohol and KNO, t yellow otystaffine 
body,possibly C,H^r a (SO,H).N,H.O,H I Br, 1 SO s K ) 

Is lormsd. Heated in Bealed tubes with alcohol, 
up \rvto dttvcomo-benzene aulphonU acid ' 
wvd tbtdvdo-dvbtorcvo -benzene Bulphonio acid 
IBiftBmatmV 

H alts. BaVj 6aq. 8. (of BaA' 2 ) 2-09 at 7°; 
8*12 at 9°; 3*9 at 23°.-KA'aq.-NH 4 A'.~- 
CaA'..2fiq.—CaA'.. 5aq.—PbA'.,. S. 2-9 at 22/A 

(l,2,4,5)-Di-bromo-amido-benzene sulphonic 
acid CJ1 , ; Br. ; (N 11..) (SO.,II) [l:2:4:5j. 8. -109 at 
10°; *153 at 24°. Prom (l,2,4)-di-bromo-b<m- 
jteno 8iil|>l)onic - aci<l by nitration and reduction 
(Spiogtdberg, A. 197, 279). Triuiolric tables; 
v. r 1. sol. alcohol.—Nil t A'aq. - KA'2aq.— 

llaA'j, aq: S. (of IhiA'J *07 at 11°..PbA'.aq: S. 

(of PbA'J *11 at 11°.—CaA'. 4 3aq.- CaA'jj 4aq.— 
AgA'. 8. *0f»3 at 11°. 

(l,3,4,f»)-Di-bromo-amido-bcnzene sulphonic 
acid C g lLBr 2 (N 11 )(S() ,11) [1:3:4:5]. 8.313 at 
10 - 5°. From amido-benzene o-sulphonic acid 
by bromination (Limpricht, A. 181, 198; JJ. 8, 
2429), or from (l,3,5)-d»-lu , omo-benzeno gul- 
plionic acid by nitration and reduction (T.enz, 
A. 181, 30). Trirnctrio tables (anhydrous) or 
4-sided prisms (with aq). Converted by Hr into 
tri-broiuo-aniline. 

Salts. KA'aq. — NaA'aq. 8. (of NaA') 3*7 
at 12°.—IiaA'j l]aq. 8. (of BaA'J -20 at 11°.— 
PbA' 2 aq. 

Di-bromo-amido-bonzone sulphonic acid 
C ( Jl,Br.(NlJ..)(SO !l H) (1:4:2?;CJ. 8. -02 at 10-5°. 
From (i,4,2)-di-bromo-bonzeiin sulphonic acid 
by nitration and reduction (Borns, A. 187, 3(12). 
Needles or prisms.- KA'.~-BaA'.aq. 

Di*bromo-amido-bonzono disulphonic acid 
C«HBr.(NH.)(SO.,H).. fl:i:3?:2:0?j. From p-di- 
bromo-benzciui disulphonic, acid by nitration and 
reduction (Borns, A. 187, 3(17). Crystals; v. ; 
sol. water. K 2 A".~ 15a A". | 

Di-bromo-amido-btmzeno di-suluhonic acid 
C,IIHr.(Nll,)(SO,ll) l . [1: -lori*. :t:3:. r .',. From 
(l,2,4)-amido-bcnzcnn disulphonic acid and Br 
(Heinzelmami, A. IKS, 182). Prisms (contain¬ 
ing 4nq); v. sol. water. (NII^A". ~ K.A".— 
13aA"8aq. PbA"3aq. 

Di-bromn cli-anmlo-bonzone sulphonic acid 
O c TIBr«(NIl..) ; .80,|[ [ l:3:2:0:4]. One of the pro¬ 
ducts of the reduction of C ( .Hr,(NII.).80,11 
(Bassmutui, /(. 191,211,218). Tablets (contain¬ 
ing aq), v. si. sol. water. 

Tri-bromo-amido beuzonu sulutynic acid 
C # !IBr,(Nil.180,11, [1:3:C:4:0J. 8. 137 at 14°. 
16 (1 at 7° (II.). 

Formation.—1. From amido-benzene wi-sul- 
phonic acid and Br fc (Borndson, A. 177, 86). 2. 
From the corresponding nitro- acid, by Sn and 
11C1, Komo di bvomo-amido-benz.cno sulphonic 
aeid being also formed (Ueneko, A. 180, 282; 
Knuth, A. 186, 298; ^angfuvth, A. 191, 198).—» 
3. From (1,2,4)-bromo-amido benzene sulphonic 
acid by bromination (Spiegelberg, .1. 197, 276). 

FroiH iiii's, - Thin needles (containing aq). 
Sol. cold water and alcohol. Heated with water 
at 115° it becomes C»1I vHr.(NH.)SO,U. 

Salts.- llaA’jOaq. * S‘(dry). -43 at 7 3 (L.l, 
*34 at 3° (Biissmann, A. 191,221).—K A' aq. •933 
at 4° (B.).—PbA'.Oaq. 8. (ot PbA'.,) -73 at 14 \ 

Tri-bromo-amido-benzene sulphonic acid 
C^HBr,(NH.)(SOjlI) (1:2:3:4:51. From (1,2.3,6). 
tnbromo-benzene sulphouic acid by uitration 


and reduction (Lena, A. 181,48}. Tufts olslsc 
der needles (containing nq), y. B ol. water and Si 
p.e. aloohol.—BaA' 3 ljaq. 

Tri-bromo-amido-benaene sulphonic aeid 

C rt HBr H (N H,)(S0 3 H) [1:2:6:G:4]. From the cor- 
responding nitro- acid (Spiegelberg, A. 197, 288). 
Long prisms (containing Hag) or slender 
needlos (with aq). V. sol. water and alcohol.— 
KA'aq. S. (of KA') 2 09 at 1°.—NH I A'.— 
(’aA' 2 3Ug.—BaA'... S. ‘096 at 1°.—PbA' a 2aq. 
8. *40 at 8-5°.—AgA' Aaq. S. (of AgA') -46 at 10°. 

Tri-bromo-di-amido-benzene sulphonic aoid 
CJlr,(NH 2 ) 2 SO. t H [1:3:5:2:4:6]. A product of 
reduction of CJlrdNO^SOJi (Biissmnnn, A. 
191,2i9).-BaA\,Httq. 

Tetra-bromo-amido-benzene sulphonic aoid 
C„Br,(NlL)SO,U. [1:2:3:5:4:6], S. 2*25 at 11° 
(Ihckurts, A. 181, 223). Got by reducing 
C 1 Br,(M.)jSO J Il with 8n and 1IC1, not allowing 
! the tempi raturo to rise to 100°, or Br, will be 
displaced by JL. Needles (containing 2aq). V. 
sol. alcohol and water. 

i Salts.—(Langfurth, A. 191, 204) BaA' 8 aq. 
iS. (of Mu A'..) *4 at 10CaA'. 7aq, KA' l$aq. 
8. (of KA') 1*71 at 13°. 

Tetra-bromo-amido-benzene sulphonic acid 
; C,,Br 4 (NIl..)(S() 4 U) [l:2:3:4:f»:fi]. 8. *03 at 11°. 
From the nitro acid (Spiegelberg, .1. 197, 302). 

' Needles (containing 2aq). V. sol. alcohol.— 
KA'aq. 8. (of KA') *106 at 11 . — CaAViaq. S. 
(of CaA'.) -107 at 11-5°.—BaA'.aq. 8. (of BaA' s ) 
•0153 at 11*5°. 

(«)- BR0M0 - o -AMID0 - BENZOIC ACID 

C h Il ,Br(NlL)C01I (1:2:3]. Bromo-anthranilic 
acid. (170'J. From tlm corresponding nitro- 
compouml by Sn and HC1 (lliibner, A. 222,104; 
cf. A. 143, 211; 149, 131). Needles; m. sol. 
water. Sodium amalgam reduces it to o-amido- 
benzoic acid (114 V J. Nitrous mid forms the dia/.o- 
derivative C 1 ,lI s BrCO..Il.N...Ml.C u ll J BrC0 8 H.— 
Sj^lts.- AgA'. BaA'.aq.- CuA'. : . 

A crti/l deri va t ivc. 

CJI a Br(NHAc)(COJl) |lV:2:3j? (215°). Obtained 
by bnuninating acetyl-o-amido-bcnzoic acid 
(Jackson, It. 14, 879). 

(^)-Bromo-o-ami(lo-benzoic acid. Bromo-an - 
th an ilk acid. C ll II ;l Bi (NH,.)CO,ll [1:4:3]. [208°]. 

Fonualum.— 1. By reducing (1, 4, 3)-bromo* 
nitro-heu/oic acid (Ilubner, Ohly a. Philipp, A. 
113, 212; Meeker, ilubner a. l’etcrinann, A. 
119, 133). 2. By boiling bromo-i.satoic acid 
with cone. 1101 (Dorseh, J. j>r. [2] 33, 35). 

J rtk-t. -V. sol. acetone, sol. alcohol, 
ether, chloroform, benzene, and glacial acetio 
aeid, si. sol. boiling water. Sodium-amalgam 
reduces it to o-amido-benzoic acid [144°]. 

Salta.—BaA'.,4aq: needles, v. sol. water. 

| Amide. C s H,Br(NH )CO.NH... [177°]. From 
bromo-iaatoic acid and NILAq. Flat needles. V. 
sol. alcohol, acetone and glacial acetic acid, m. 
eoI,, water ami benzene. Insol. ether. 

I (l,2,4)*Bromo-wi-aniido-benzoic acid 
! C,ILBr(NH ; )COJI [1:2:4]. [225°]. By n- 

duoing the nitro- acid by Sn and 11 Cl. Small 
! colourless needles (from water), becomes reddish 
| in air (lliibner, A 222, 179; Burghard, B. 8, 
558; ltaveill, B. 10, 1707). ltcduced by sodium- 
, amalgam to m-amido-benzoic acid.—-HA'HCL— 
CuA'j.—PbA' r 

(l,3,5)-Bromo-m-amido-beuzoic add 

; C.H.BrtNiyCOjH (1:3:5). [215°]. Fromthi 
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ceneipondini nitro- acid by Sn and HOI (Hese- 
m&nn a. Kfibler, 4.222,169). Needles (from alco¬ 
hol). Turns red in light. SaltsHA'HOl,— 
(HAOaHjSO^.—BaA' a 4aq.-CaA' : 5*aq. 

Jl,4,2)-Bromo-m-amido-benzoic ‘acid 
C^0L,Br(NH.)CO 2 H [1:4:2]. [ISO 0 ]. From 

(l-,4,2)-bromo-nitro-benzoic acid, Sn, and glacial 
HO Ac (Burghard, B. 8,560). Flat needles (Smith, 

B. 10, 1706). 

fl,2,4,6)-Di-brom<)-o-amido-benzoic acid 
C 4 HJ3rfNH.,).CO ; H [1: 2or0:5:4J. Fibroma - 

'anthranilic acid. [220 228°]. 

Formation. —1. From di-bromo-nitro-bcnzoic 
acid (Smith, B. 10, 1700). —2. From o-nitvo- 
toluene and bromine at 170° (WaehendoriT, .1. 
185,281; GrietT, B. 13, 288).—3. From isntoio 
acid (q.v.) and bromine (Dorseh, J. pr. [2] 33,37). 

Properties.— Clumps of needles (from alco¬ 
hol). Long needles (when sublimed). Sol. alcohol, 
acotone and glacial acetic acid, si. sol. chloro¬ 
form, benzene, ether, and water. 

Amide C 4 HHr.,(NH.)CO.NIL. [197°]. 
Pearly tablets (from alcohol-acetone). Formed 
from di-bromo-isatoic acid and Nll 3 ,Aq at 100 . 

Di-bromo-o amido-bcnzoic acid 

C, H..Br s (NIUO >.H r !:2«>r«» :5:i]? JH-bronm. 
anthranilic acid. 225']. S. 1 ; S. (aleolnd) 
2. From the nitro- acid by reduction (lliibner, 
A. 222, 189). Colourless needles, lied need by 
sodium amalgam to o amido-beiizoic acid. - 
BaA'jiaq. — CuA'j-l'aq. — Sr A'., 2nq. — CuA'. ; . 
This acid is probably identical with the pre¬ 
ceding. 

(1.3,l,r>)-Di-bromo-o»amido-benzoic acid 
C,lI.,Br..(N 11 ..1CO..H [1:3:4:5}. J)ibnmm-a n- 
thranilic acid. [225°]. S. 1 ; S. (HOAe) 3. 
By reduction of tho nitro- acid by Sn and if Cl 
(Hesemann a. Kohler, A. 222, 175). Reduced 
by sodium amalgam to o-amido-benzoic acid. 
Needles (from alcohol).—BaA'.lnq. Ca.V x Jai|. 
—CuA',. 

(l,3,5,i)-Di-bromo-o-amido-benzoic acid 
C„H.,Br 3 (Nlf )(CO. : Il). I)i ■ bn mo - anthranilic 
acid. [196 J. From benzoic acid by bromiria- 
tion, nitration, and reduction (Angorstein, A. 
158,16). Needles (from dilute alcohol). Reduced 
by sodium-amalgam to n-nmido-benzoic acid. 

Di-bromo-p-amido-benzoic acid 
CJH. i Br,(NHj)CO,II [1:3:2:5J. Obtained by 

adding bromine-water to an acidified solution of 
p-amido-benzuic acid (Beil stein a. Geitner, /. 
[2] 1, 505 ; A. 139,1). Needles (from alcohol). - 
N II, A' 2aq.—Na.V5aq. -CuA 1 \ 6aq. 13aA'. 4aq. 

Tri-bromo-o-amido benzoic acid 
C # HBr,(NIL)CO..H [1:2: x: 4:5].. Tri-homo, 
anthranilic acid. [c.ll9°J. From isatoic acid 
and bromino (Dorseh, J. pr. [2] 33, 37). 

Properties. —Slender n vdloB. May be sub¬ 
limed. Very soluble in glacial Acetic arid, 
alcohol and acetone, sol. ether a#d chloroform, 
less soluble in benzene, si. sol. hot water. , 

Tri-brorao w amido-benzoic acid 
C 4 HBr a (NHj)COJi [1:3.5:4: 6J. [170°]. From 
m-amido-benzoic acid and bromine-water (Boil- 
stein &. Geitner, Z. [2j 1, 505; A. 139, 6; Voll- 
brecht, B. 10, 1708). Needles; m. sol. hot 
water. On dry distillation it gives tri-bromo- 
aniline.—NaA' 4aq.—BaA' : 6aq. 

Tri-bromo-di-amido-benzoic acid 
C c Br,(NH 3 ),(CO f H) [1:3:5:2:4:6]. From s-di- 
amido- benzoic acid and bromine-water (Griess, 


4.154, 332). Long needles (from dilute aloo* 
hoi). SI. sol. cold water.— AgA'. 

Tetra-bromo-o-amido-benzoio acid 
q ( B^(NH,)CO,H[l:2:3:4:5:6]. [116°]. From 
isatoic acid and excess of Br (in glacial acetic 
acid) (Dorsch, J. pr. [2] 33,38). White needles. 
At 100° it sublimes in long slender needles. 
BR0M0 • AMIDO - HYDR0CARB08TYRIL tr. 

p. 161. 

BR0M0-AMID0-HYDR0CINNAMIC ACID 

t». B»inMO-AMinO-j8-rUFXYT,-l'I;ori.'NlC AC1I>. 

BR0M0 AMID0 NAPHTHALENE v. Bromo- 

NAPHTHYLAMINR. 

BR0M0-AMID0-NAPHTH0IC ANHYDRIDE 


Nil-CO 


C„H 4 0NBr i.e. 



Bromo-naph • 


ihostt/riJ. [257°]. By reduction of bromo-nitro- 
(a).naphthuic acid with FeSO, and aqueous NH, 
j and ppn. with acetic acid tlm amido- acid is 
! obtained, and by boiling with alcohol it is con- 
! verted into tho anhydride, which crystallises out 
: on cooling in brown needles (Mkstraud, B. 19, 
1136). 

| Di-bromo-amido-naphthoic anhydride 

j j£Q 

: O^TIflr.^ | . Di-brcnno-naphlhostyril. (270°]. 
'NH 

: Prepared by heating amido-naphtlioic anhydride 
.CO 

OJh< I suspended in water with a large 

\nji 

; excess of bromine. Yellow needles (from alcohol), 
M. sol. hot acetic acid. 

! Acetyl derivative C ll II 1 ONBr..Ae [185°]; 
j small yellow needles (Kkstrand, li. 19, 1136), 

| BFv0MC-AM1D0-(c»)-NAPHTH0(1UIN0NE 

; [205°]. Formed by boiling 

bromo ttnii(lo-(a)-imphthoquinone imido 
CO- (-(NIL) 

|< with dilufc acids. Orange 

C(NH).CBr 

' silky needles. Sublimable. By boiling with 
dilute ulkalis it is converted into bromo-oxy-(o). 
liaphthorjuinniic. « 

j Acetyl ■derivative'. [137°]; sulphur- 

yellow needles (Zinckc a. Gcrland, B. 20, 1514). 
BR0M0 - AMIDO- (a) -NAPHTHOQUINONE- 


O.ll/ li 


IMIDE CJI 4 < 


(.0 CtNIljj) 


[200 ]. obtained 


(‘(NH).GBr 

1 by adding bromine (5 c.c.) to di-amido-(a)nnplj- 
tied or its slanno chloride (10 g.) suspended in 
j Hectic acid. Orange yellov medics (from alco- 
hoi). V. sol. hot alcohol and hot benzene. By 
[ Sn(.'l 3 it is reduced to bromo di-ainido-(«)-naph* 
tliol. By boiling with dilute aeirls it is c.on- 
! veited into broiuoumido-(a)-naphthoquinone 
X:o.C(NH.J 


C.H/ 




II 


. By boiling with dilute NaOH 


, \cO.CJ)r 

! it is r-mvHi- l into bromo oxy-naphtho-jiiinon«* 

I .CO — qoH) 

! imide C,H/ II . Tho latter body 
j V(NH).CBr 




'wife eono.H(3« alcoholic N»OH rsa' r _ 

\i conceited into hiomo-oxy-naphthoquinone boiledwithglacialacctio Mid (lOOg.) andbronuii 
_ „ ,00 CIOHl ,. . . , , .. (117 g.). The product is pound into water an 

0,H,<^(jo cBr ^ich 18 a 80 onnea “l 1 the oil that separates is distilled with steam an 
tod the hromo-amido-naphthoquinonewitli dilute recrystallised from alcohol, Glittering prismi 
alkalis {Zineke ft. Gcrland, B. 20,1510), grouped in tufts, liesembles di-bromo-o-tolui 

BROHO-o-AMIDO-PHENOL dine in being but feebly basic (Mohlau a. Oehmi 

C,H,Hr(Nir.)(oH) [l:,'l: I). (12S°]. Formed by chon./. pr. 132, 479). 
rcducin*; bromo-nitro-phcnol with Sn nndsIICl Di-bromo-m-amido-phenol. 

Schiitt, J. pr. [2! 32, 01). Thin plates (from Ethyl ether C„H 2 Br a (NH a )OEt. Prom 
CH.) Needles (from nlcobol). Sol. etlicr, benz- tbc nitro-compound. Oil. The hydrochloride, 
cue hot water, and hot chloroform. l’’a,Cl, sulphate, and oxalate crystalliso in needles.— 
turns the jugosjos solution cherry-red. C,H..13r ! (OKt)NH„HCl,SnCl 3 : glistening plates 

Halts.—li'llCK Very soluble plates.— (Lindner, IS. 18, 013). 

I)TUir<. Crystallises very easily. — Jt'..II.HO,. Di-bromo-p-amido-phenol. 


BROHO-o-AMIDO-PHENOL dine m being but fecblj 

0 H,Br(NH...)(oH) [l:.'t: tj. (12S°]. Formed by chon, J. pr. 132, 479). 
reducing bromo-nitro-phcnol with Sn and»IICl Di-bromo-wi-amido-] 

(F. Schiilt, J. pr. (2132, 01). Thin plates (from Ethyl ether C,. 

CH,). Needles (from alcohol). Hoi. ether, benz- tile nitro-compound, 
cue, hot water, nod hot chloroform, Fo,Cl, sulphate, and oxalate 
turns the a.pusius solution cherry-red. C,Il,13r.,(OF.t)NH.,,HCl, 

Halts.—ll'HCl'. Very soluble plates.— (Lindner, IS. 18, 013). 
BTlllr-'. Crystallises very easily.— it'.II,SO,. Di-bromo-p-amido-i 

. .. ^ ~ \r»v ii.iV a in.. n TI 11.. /XTTT lAtl ri .O 


ive C l II,(uII)(NHAc)Br. C 0 H,13r.,(NH 2 )OH [1:3:5:2J. [If 
dies (from water). [190°J (L. a, G.). Formed by 


Acetyl derivative C l Il l (»II)(NlIAi)Br. CJOr.,(NH 2 )OH [1:3:5:2J. [180°] (M. a. B.)| 
[178 1. Plates or needles (from water). (190°J (L. a, G.). Formed by reducing the 

Methyl ether CJIJJr(N!JL)(OMe). [9S 5 ]. nitro- compound (Mohlau, B. 16, 2815; H6lz, 
From the nitro- compound,Sn and HC1 (Staedel, J. pr. [2] 32, 67 ; Mohlau a. Bohmer, J. pr. [2] 
A. 217, 69). Plates (from benzene). V. sol. 21, 470; Lollmann a. Grothmann, B. 17, 2731). 
benzene, ether or hot alcohol, insol. water. Formed also by reducing di-brominated^-diazo- 
Salts.- B'HCl.—B'JLSO,. BVLCiV phenol (q. v .) with tin and IIC1 (Bohmer, J. pr. 


benzene, ether or hot alcohol, insol. water. 
Salts.- BTICl.-B'.H.SO,. Byi .CT),. 


Ethyl ether |57 J J. Broad needles (from 132,469): 


alcohol). V. sol. benzeno, alcohol or ether. 
Salts. -B'lICl.—B If .SO,. - B'JL.O.Oe 

Bromo-m-ainido-plicnol d„H 3 Br(N 1 L)OTI 


C JIjBr^g + 2H 2 = C,H t Br,(OH).NH, + NH,. 
Properties.— Ppd. by NaIICO s from solution 


(/:l:3j. Ethyl ether 0„H.,Br(NH.)0Et. Liquid; of its hydrochloride as microscopically small 
v. sol. alcohol and ether, v. si. sol. water. The needles grouped in tufts. Turns blue in air. 
hydrochloride, sulphate, and oxalate crystalliso SI. sol. ether, v. sol. alcohol, m. sol. hot water, 
in wliito plates C.ll Bi(OKt)NlL, 11C1, SnCl 2 Salts. — B'HCl: glittering plates.— 
(Lindner, Jt. 18, 012). * (BTICD.SnCL. -B'llBr. 

Bromo-p amido-phenol Jteoctions. —When N 2 0, is passed into an 

0„ll,l!r(NIL.)(OU) [1:3:6]. [158 1 ]. Prepared alcoholic solution of its hydrochloride, yellow 


(Lindner, Jl. 18, 612). (B'HCl).SnCl.,. -B'llBr. 

Bromo-p amido-phenol Jieactions. —When N 2 0, is passed into an 

C,,Il 1 Br(Nll..)(Oll) [1:3:61. (lfiS"]. Prepared alcoholic solution of its hydrochloride, yellow 
by reducing broruo-nitro-phenol, or its benzyl crystals of diazo-dibromo-phenol (q. v.) are ob« 
derivative, by Sn and 11CI (0. Jhdz, J. pr. ’2] : tained, but this body is isomeric with that by the 
32, 65). Short needles (from dilute alcohol), j reduction of which tho dibromo-amido-phenol 
Sol. ether, benzene, and chloroform, si. sol. cold was prepared. An ‘ intra-molecular change 1 


water. 

Salts. — B'HCl 
(B'.llCl) SnCl...—B'llBr. 


silvery plates. - 


must therefore have occurred somewhere. 

Acetyl derivative C„iI,Br.,(NIIAc)(OH). 
[174°]. Glittering plates (from dilute alcohol). 


(B'.UCU SnCl..—IVHBr. [17A°J. Glittering plates (from dilute alcohol). 

Acetyl derivative C u lI,(|Hf)^sIIAe'iBr. Methyl ether From the nitro- compound 
[167 'J. Thick needles (from hot water). Solu- [127°], Sn.andllCl. White porcelain-liko mass. 


ble in alkalis. 

Methyl ether. 

From tho nitro- compound, Sn and IIC1 (Staedel, 
A. 217, 68). Oil. Insol. wator, v. sol. benzene, 


j Extremely sol. ether, benzene, or alcohol (Stae¬ 
del, A. 217, 70; Staedel a. Damni, B. 11, 1749). 
Salt s.—B'i 101. —B'jjIIjSOg.—B'.iJLCjO, [195°]. 
Ethyl ether [67°J. Needles (from alco* 


alcohol,orether. B'HCl.— BUI^SO,.—-B 2 lLC 2 0 4 . hoi). V.sol. alcohol, ether, or benzene. Salts.- 


Ethyl ether 

From tho nitro- compound, Sn and IIC1. Oil. 
B'HCl.-B'.H .SO,. - IV 1LCG«. 
Di-bronio-o-nmido-phenol 


B'lICl.—B' 2 l I .S0 4 .—B^IIAO*. 

Tri-bromo-o-amido-phenol. 

Ethyl ether C 6 HBr 3 (NIJ 2 )OEt [1:3:4:5:6]? 
[77°]. From amido-phenetol (5g.), glacial acetio 


0,H 3 Br.(N!l a )(<m) [1:3:5:6]. ((*% Formed I acid (50 g.) and bromino (17‘5 g.). The product 
by reducing di-bromo-u-nitrophenol (Holz, J.pr. j is poured into water, and tho pp. crystallised 
.2(32,69). Slender yellow needles (from dilute j from alcohol. Long silky needles. Nearly 
alcohol). Sparingly soluble in water, v. sol. : insol. boiling cone. HC1. It is totally decom- 
aleohol, ether, benzene, and chloroform. posed whon heated to a temperature a littlt 

Salts. B'lICl: plates. — (BTICl)..SnCl a : above its melting-point, 
needles.- IVHBr: needles. Tri-bromo-m-amflb-phenol 


Aatul derivative C 1 ,H i (OII)(NIIAo)Br 2 . C.HBr^NH^.OH [1:3:5:2:6]. [115°]. Formed 
[186°]. Yellowish keodloa (from hot water), by reduction ai tri-bromo-m-mtro-phenol (Dao* 
Sol. alkalis. ! conro, B. 18, 1168). Colourless silky needles. 

Methyl ether OJI.,Br,(NH..)(OMe). From | Sol. alcohol, ether, benzene, and hot, si. soL 
the nitro- compound by Sii and HC1 (Staedel. cold, water. Fe a Cl, gives a green colouration. 

A. 217, 63). Oil. Sol. alcohol, ether, or dilute j Ethyl etlicr C # HBr,(NH a )OKt. Solid, ?, 
acids, insol. cold water, si. sol. hot water. . sol. alcohol and ether, si. sol. water. B'lICl: 


B'HCl.—B'JLSO*. [177°].-B',IIA0,. 


j white needles, sol. alcohol.—B' a H_SO*: white 


Ethyl " ether 0*HBr,(NII,.)(OEt). [92°]. needles, sol. alcohol. — B'HClSnCl a : white 
Quadratic crystals (from alcohol). Y. sol. alco- needles (Lindner, B. 18, 614)- 

. . * _\ . ... .. ni ,r n .-v nnnuA iVTTffl TlTDlimVT 


hoi or etlu-r. imCl.-B' 1 H J SO l .-B' s H. J C 1 0 1 . 
Di-bromo-d.xmido-phenoi, 

Blhyl Ithtr C,H i Br..(NII,)OEI [1:3:1:5]? 


BROMO-AMIDO-DIPHEirn.. 

Acetyl dtrivativt O.^BrNHAo. [MT 1 !. 
From Br *nd ' — 



BBQKO^aSO-THTMOI. MB 

HOAe (Hibotr, 4. 309, SU). Nwditt (tram uponiflsttlon of the product (Chbriol, B. U, 

alcohol), 2292). Lons glistening crystals, Sole nod 

Di-brcmo-di-amido-diphenyl C^H^Br^NH,),. ordinary solvents and in acids and alkalis. 

[89°]. From di-bromo-di-nitro-diphenyl by Sn Acetyl derivative [160°]. Long oolour. 
and HC1 (Fittig, A. 132,207). Insol. water.— less needles, soluble in alcohol, ether, and 

B"2HC1. benzene. 

Di-bromo-di-amido-diphenyl Bromo-f/i-amido phenyl-propionio acid 

[2:4:1] C 4 H,Br(NH.).C,H 1 Br(NlI i ) [1:2:4]. Di- C u H k (Br)(NH,).aiI 4 .C0 2 H [2:1:5]. [117°-119 0 ]. 
‘ broino-benzidine. (i52 3 J. Obtained from [3:1] Long prisms. Sol. water, alcohol, ether, and 

C.H 4 Bi\NH.NlI.C,li 4 Br [1:3] and 11C1 (Gabriel, ('jC Prepared by reduction oi phromow- 

B. 9, 1407). Trimetric crystals, m. sol. cold nitro-hvdrocinnamic acid with <in and HC1.— 

alcohol.—B"2I1C1. -B"H a rtCl v < A'llCl: glistening soluble needles (Gabriel a. 

Di-bromo-di-amido-diphenyl C,..II„Br..(NH,) 3 Zimmcrmnnn, B. 13, 1681 ). 

[1:5:2].,. [108°corr.]. Small plates. Formed by the j (e.v)-DI-BROMO-o AM1DO - PHENYL-VALE- 

action of an alcoholic solution of SnCl* and ; RIC ACID 

H 2 S0 4 on p-bromo-btmzene-^-azo-bromo-benz- (\H 2 Br 2 (NH 2 ).CIL.Cll 2 .CH 2 .Cn 2 .COJL [90°, 
ene. Treated with nitrous acid in alcoholic : with aqj. Long colourless needles (containing 
solution it gives an azimido- body 0, s Il,N 3 Br a . aq). Formed by reduction of an ulcoholio solu- 
whioh forms glistening violet needles, [206°], I tion of di-bromo-nmido-phenvl-di-bromo-valorio 
ll. sol. alcohol (Schultz, B. 17, 405). ] acid CJLBr..(NHI..).ClIBr.0HBr.CIL.CH 3 .C0 8 H 

Tetra-bromo-di-amido-diphenyl C 1;! H„Br 4 N 2 . j with zinc and I1C1. V. Pol. ordinary solvents, 
Tetra-bromo-bemniiiu'. [280°]. Prepared by * insol. cold water. It could not bo converted into 
bromination of benzidino (Claus n. Bisler, B. an inner anhydride, even by dehydrating agents. 
14,86). Slender colourless needles. Sol. alco- j Ethyl e ther Cjjr,Jlr v (Xli .)G(LKt; thick 
hoi, ether, CS.„ CJf K ; insol. water and acids. oil; its hydrochloride forms whitenocdlesf 136°). 
BBOMO-AMIDO-PHENYL-ACETIC ACID | Acetyl derivative C„H,.)Jr..(NllAo)CO.H 

C, H 1 (Br)(NH )(CII..CO,II)[l:2:5J. [13G 3 ].Forin«l [200”]; a W ro K ntfs of thin whito noodlos; v. sol. 
by saponification of tho acetyl derivative of its alcohol, other, Ac. 

nitrile, or by bromination and saponification of Acetyl-ethyl -ct he r 
the acetyl derivative of p-amido-phenyl-acctic C in lI lu Br..(NIlAc)C().Kt [139°]; colourless crys- 
acid (Gabriel, B. 15, 810). Colourless plates, tats; v. sol. alcohol, ether, and acetic acid, more 
Sol. alcohol and ether, insol. CS 2 . j sparingly in benzene, insol. water and ligroin; 

Acetyl derivative [165°]. ! in small quantities it can bo distilled undecom- 

Nitrilc C„fI,(Br)(NH,j(CH.CN). Acetyl dc- : posed (Diehl a. Kinhorn, B. 20,380). 
rivative CJI,lir(NIIAc)(Cil..CN) [129°]. Long : 8v-c.vo-Tctra-bromo-o-amido-phenyl-valeric 

odourless needles. Sol. alcohol, si. sol. cold acid C l) H.Br(Nll ).011Br.CMHr.ClP„C]I i .C(> a H. 
water. Formed by bromination of the acetyl [107 ; 'J. Formed h.v bromination of o-amido* 
derivative of p-atnido phenyl-acetonitrile (Ga- styryl-propionic ncid dissolved in cliloroforin. 
bricl, B. 15, 310). Small microscopic needles. V. sol. uleohol, 

Bromo-amido-phenyl-acetic acid ether, and acetic aeid, insol. water and CS, 

0,n i Br(NH,)CH t .C01I [1: 2orC :4], [134°]. 1 (Diehl Kinhorn, B. 20, 379). 

From tlie nitre- compound [114°] by Sn and j BROwO-AillDO-QllINOLINE 
HC1 (P.P. Bedson, C. J. 37, 98J. Silky needles ' C. i Il i iN(Br](.\’fL). [I64°J. Large nionoclinio 
(from water). Sol. alcohol and Cl I Cl,. SI. sol. prisms, or long colourless needles (containing 
ether.—B11C1 aq: turns red in air. aq). Sol. alcohol and ether. 

(a)-Bromo-amido.phcnyl-acetic acid j Salts.—li'HNO,: glistening yellowneedles. 

C„HjBr(N 1I,)CH. ; .C0.H. [Hi? 0 ]. From the ] --B JIC1: solublo red prisms. B'JI,ClgPiC^: 

nitro* acid [109°] by Sn and IIC1 (Bedson). | microscoj)ic orange needles. 

White needles (from water), reddens in air. j Acetyl derivative 0 !1 IJ,N(Br)(NMAe). 
Sol. alcohol and chloroform, si. sol. ether. I [105°]. Thin colourless plates (La Coato, Ji. 15, 
8alt.—B'ilClaq: white needles (from water). ! 1920). 

(j8)-Bromo-amido-phenyl-acetic acid j DI-BROMO-AMIDO-RESORCIN 

C.H,Br(NHjCH,.CO.,H. [180°). From the nitro- C,HBr.,(NUj(OH), [1:2:1], hi ethyl ether 
acid [1C2°] by Sn and HC1 (Bedson). The hydio- C g HBr 2 (NH,)(OKt), [lJ2°j; glistening needles 
chloride is less soluble iu water than thos e of or plates (Will a. Pukull, H. 20,1126). 
the two preceding bodies. BROMO-AMIDO-STYREIJE 

(l,3,2,6)-Bromo-di-amido-phenyl-aceticacid C 6 lI 3 Br(NIL).C,II,. 

G < H l (Br)(NH..),.CH...CO a H [1:3:2:5], [c. 200°].! Acetyl derivative [18:P]; felted needlea, 
Long colourless need’s. Formed#by reduction • r.ol. alcohol, ether, and nr lie arid ; formed by 
of (1, 3, 2, 5)-bromo-nitxo-amido-phenyl-acelicf bromination of /j-amidp-cinnamio acid dis- 
•cid (Gabriel, B. 15, 1995). , solved in AcOH (Gabriel a.jl- rzle rg./f. 16,2043). 

BBOMO-AMIDO-PHENYL ETHANE * BROMO-AMIDO-SUCCINiC ACID 

CLH„BrN i.e. C # H 4 Br.CH a .CH 2 .NlL. Lroroo- i CJI,Br(NilJ(CO,Il),. 1140 ;. Fiomdi-brcmo- 
phenyl-ethylamine (253°). From phenyl-pro- j succinic acid and alcoholic NH, (Claus, B. 15, 
pionamide, KOItAq, and bromine (Hofmann, B. j 1850). Radiating needles; v. sol. wator and 
18,2740). Pearly plates (from water).— B'HCi. J alcohol.—AgA'. 

(1,2,5) BROMO-AMIDO-0 - PHENYL - PRO - BROMO-AMIDO-THYMOL 
PIONIC ACID C 4 H,lBr)(NH,).C 2 H 4 .CO,H [1:2:5]. CJIBr.MePr(NH x )(OH). Prepared by adding 
Bro no • amido - hydrocinnamic acid [105°], ! Na 2 CO, to dilute solution of its hydrobromide (v. 
Formed by bromination of the acetyl deriva- i infra). Long colourless prisms, rapidly turning 
life of p-amido-phenyl-propionio acid, and j deep violet. 



v.w....w*.— joxxdi . ay adding 

moderately strong HBr to thymoquinone-chloro- 
imide (q. v.) a yellow flocculent pp. is formed. 
Ether eitracts hromo-thymoquinones from Jhis, 
leaving the above salt, which is soluble in water 
and alcohol, but is thrown down as needles when 
UBr is added to its concentrated aqueous solu¬ 
tion (Andresen, J.pr. 1IJ1,182). 

Bromo-amido-thymol [c. 90°]. From brojno- 
nitro-thymol, zinc-dust, and 1IC1 (Maz/.ara a. 
Discalzo, 0. 10, 190). Scales. Converted by 
nitrous arid gas into bromo-thymoqiiiuono [18°]. 

BROMO-AM T DO-TOLUENE v. Biiomo-tolu- 
IWNK. 

Bromo-diamido-tolucne v. Bkomd-tolylenb 

LIAM INK. 

BROMO - AMIDO - TOLUENE SULPHONIC 

ACID C ll H,(CH J )(NH.)r.rSO ;i H [l:2:3:5]. Bromo- 
Uduidinr xulphonic acid. From o-toluidine sul- 
phunic acid and bromine-water (Ncvilo a. 
Wintber, (J. J. 87, 027). Prisms. 

llrnrliniiK. -I. Conveiled by diazo- reaction 
into u bromo-tulueno sulphonio acid whose swl- 
phochlorido melts at [00 '] and whose amide at j 
(H7°I. 2. Honied with JlClatlOO itgivesdibro- 
mo o-toluidine [H°J and two mono-bromo-tolu- ' 
jdiiics, an oil and a crystalline body, [54'-67°]. i 
One of these biomo-toluidines must be oh- , 
tallied from the acid by displacement of SO. t I t 
by II, and mustsubmjui ntly give rise tothcolher J 
nmno- and the di-brnmo toluidine. Inasmuch 
a.; oily bromo loluidine, C (i H,Me(Nir,)Br [1:2:8], 
liealed with 1IC1 at 100' gives a substance 
110" 47°] and crystals [f»3°- On 0 ], while the crys¬ 
talline bromo toluidine [54°-57”j is not affected 
bv this treatment, wo must suppose the sulpbonic 
and to bo C,H (CH J )(NII,)BrSO,H [l:2.3;f»] 
rather than [1:2:6:31. When it is boated with 
1UH the oily bromo-toluidine is first formed, but 
this being unstable changes into its crystalline ! 
iaomeride and tho crystalline dibr<jfno-%>luuUno. 

Bromo amido toluene sulpbonic acid 
r..H J Me(Nll s )Br(SO J H) [I:4:2:8 oral. S. *582 at 
21’. From o bromo toluene by sulpbmmtion, 


SSife 4 « 

Bromo-amido-tolnene sulpbonic acid 

OgHjMefNHJBrfSOgH) [1:4:5?:3]. Formed, to. 
gether with di-bromotoluidine, by passing bro¬ 
mine-vapour into cold aqueous ^-toluidine Ai¬ 
gul phonic acid (v. Fcclimann, A. 173 , 210; Lim- 
pricht, B. 7,452). Clumps of needles. V. e. sol. 
water. Converted by diazo- reaction into (3 or 
5,1, 2) bromo-toluene sulphonio acid. —KA'.— 
BaA'o 2aq. — Pb M... —Ag A'. 

Di-bromo-o-amido-toluene sulphonio acid 
C s IIMe(NH 2 )Br,SO ;( H [1:2:?:?:4]. S. *64 at 
13-5°. From o-tolnidine j.)-sulphonio acid 
C u H 3 Me(NH,)(S0 3 H) [1:2:41 and bromino (Hay- 
cluck, B. 7, 1353; A. 172, 211). Capillary 
needles containing aq (from water).—BaA' 2 9aq. 

Di-bromo-amido-tolucne sulphonio acid 
C„IlMc(NII.,)Br,(SO ;t U) [1:2:3?:?:5?J. From o- 
toltiidine by sulphonation and bromination. 
Needles (containing aq). V. boI. hot water and 
lmt alcohol. Gives tri-bromo-toluidine [112°] 
when distilled with KOH.—BaA' 2 4aq.— 
rbA'o 3aq (Gerver, A. 109, 380). 

Bromo-di-amido-toluene sulphonic acid 
C,JlMe(Niy 2 BrSO.,II [1:2?;6?:3?:4]. From 
tolueno jp-sulphonio acid by nitration and re¬ 
duction (Schwanert, A. 18G, 3G0). 'fables; si. 
sol. water.—KA^'.aq. 

DI-BR0M0-AMYL ALCOHOL CJl^Br./) i.c. 
Cl I .Br.CllBr.CHEt.OH. Di-brumo-di-dhijl-car- 
binol. From vinyl-di-ethyl-carbinol and bromine 
(Wagner, J. It. 1G, 320). Non-volatile liquid. 
BROMO-o-AMYL-ANTHRACENE 
/C(CJH n )v 

C l .jlI,, J Br i.c.CJl/ I >CJf r [7G°J. Yol- 

Vdlr ' 

low needles. Fluorescent. Prepared by brotni- 
imtion of amyl-nntbracene in I’S... 

| Picric acid compound. [110°]. Orange- 
1 yeltow needles (I liebernmnn a. Tobias, B. 11,797). 

! * BROMO-.svc-AMYL-BENZENE C u H,,Br i.c. 
C„H,.CllKt.CHBr.CH a (?). (c. 79°) at 40 mm. 
H.G. ^ 1*28. Oil. Obtained by hrominating 


nitration, and reduction (Schiifcr, .1. 174, 300). scc-amyl-bcnzcno (Dufert, M. 4, G20). Decom- 
Tiimeliic laininie (from hot water) or nodules posed slowly by boiling water into HBr and 
(from alcohol). Convnted by bromine-water into pcutenyl-benzenc. 
tri-bromo-toluidine [82 '). j 7-5-di-bromo-amyl-benzeno [53°-64°] 

Salts. Ba.V.iup Ph.V.aq. | Ph.CllBr.CllBr.CH..CIL.CII s . From pbenyl- 


Bromo anndo-tolueue sulphonic acid 
C,.H,Me(NH..)Br(SO :l H). fl:f k , :l:3]. From(1,4,2)- 
biomo-toluene sulpbouie. neid by lfftration, and 
induction (S.). Needles (from water). V. si. 
Sol. water. B:i\' 2 4nq. 

Bromo amido toluene sulpbonic acid 
C,TI..Me(N11.1 lh(Sa,lI) fl:2i>; 1:0]. S.3-2. From 
(1, 1,3)-bromo toluene sulphonic acid by nitration 
and reduction (Schafer, .4. 174, 800). Prisms 
(from water). Bromine-water gives tri-bromo- 
toluidine [72'].- NaA*j 2uq.- NaAVdaq. 

Bromo-ainido toluene sulphonic acid 
C # lUIe(NH.)Br(SCyi) [1:4 :t: 2]. S. -23 at 20'. 
From boiling aqueous ji-toliiidine o-sulphonic 
acid ami bromine (Jenssen, A. 172, 230; B. 
7,65). Needles (from w ater). V. si. sol. boiling 
water.—KA' nq.~ 15aA' 2 7aq. 

Bromo amido-toluone sulpbonic acid 
C e H a Mo\N l.L)Br(SO s ll). S. -19 at 20”. From 
o-tuluidine sulphonic acid by conversion into u- 
broiuo toluene sulphonic acid, nitration, and r«- 


i ainylene (q.v.) and bromino. Needles or plates. 

V^-di-bromo-isoamyl-bcnzeno 
rh.CllBr.CIIBr.CH(CII a ).. [I28°-129 0 ]. From 
phonyl-iso-amyleno and 13 r (Schramm, A. 218, 
j 321). Needles (from alcohol). 

! Tri-bromo-isoamyl-bcnzeneC,,H, : ,Br 3 . [110°]. 

! Obtained by broininatiug iso-amyl-benzene at 
j 100 (Bigot a. Fittig, A. 141,161). Needles. 

BROMO-I§OAMYLENF C,U.,Br. PentcnyU 
„ bromide. (100 3 -110°). From ‘ isoamylene ' by 
eueeessivo treatftient with bromine and alcoliolifl 
KOlf (Buuer, A. 120, 107). Successive treat- 
' nient with conc.lIjSO, and water forms amylene 
, dibromide and a ketono C 4 li lu O (Bouchardat, 
C. n. 93, 310). 

w-Bromo-Uo-amylene (111 0 ) Fr.CIP.CIIBr, 
j From isovaleric aldehyde bv successive treat- 
■ ment with PCl,Br a and alcoholic KOH (Bruylaut*, 
! B. 8, 400). 

7-Bromo-n-amylene rH 3 :CBr.CH,.0H a .CH r 
(123°). 8.G.& MO. From methyl propyl ketont 



BROMO-ANILTNE. 


til 


k, inooessire treatment with P01.Br,' and aloo- 
holio KOH (B.). 

Bromo-amylene C,H,Br. (1H°). From di- 
bromo-bexoio acid CH,.CHBr.CBrEt.CO,H and 
cold aqueous Nfi.CO, (Fittig, A. 200, 00). 

Bromo-amylene C,H„lJr. (US-). From iso- 
valerylene and HBr (lteboul, A. 1807, 17.1). 

Bromo-amylene C,H,lir. (o. l(lli’). .S.O. 
1-178. From isoprcne C..H,, and IIBr (Bouchar- 
dat, /. 1879, 677). 

Di-bromo-amylene O 4 Uj.Br,. (c, 170°). From 
isovalerylcnc and bromine (lteboul, A. 135,372). 

Di-bromo-amylene Pr.CBr:CllUr. 

(175°). From isopropyl-acetylene and Br (Bruy- 
lants, B. 8 , 407). 

Di-bromo-amylene C 4 H H Br.. i.e. Pr.CBr:CIIBr. 
(190°). From n-propyl-aertvlcne and Br (B.). 

BROMO-AMYLENE GLYuOL C 4 II u Bi (OH)... 
From amylene dibrotnide by successive treatment 
with AgOAc and solid KOH (Bauer, J. 1801, Gill). 

TRI-BROMO -/1 ISOAMYL-TOLUENE 
C^HuBr., i.c. C*HMeBr l .C i lI n . From /Msonmyl- 
toluene and bromino at 100’. Sticky liquid 
(Bigot a. Fittig, A. 141, 1,15). 

TRI-BROMO-ANETHOL C 10 H„Br s O. From 
anethol and Br. Crystals (Cahours, A. 41, 00). 

BROMO-ANILIC ACID t*. Dx juimmo-m-oxy- 

Ql’INONK. 

o-BROMO-ANILINE C 0 H,BrN i.c. 
C t H,Br(NH.) [1:2J. Mol. w. 172. [3t°]. (229° 

1. V.). From o-bromo-nitru ben/.on^ by reduc* 
tion with tin and IICl (Fittig a. Magrr, It. 7, 
H75). 

Acetyl derivative. C„H,BrNHAe. oGtro- 
mo-acctanilih. [99°J. Long needles (Korner, 
0. 4, 330). 

w-Bromo aniline CJI,Br(NJI,) [1:3]. (18°). 
(251°). Formation.— 1. From w-bromo-mtro- 
zeno (Fittig ti. Mnger, B. 8 , 301).— 2. m-nilio- 
diazo-ben/ciie sulphate (from wt-nitramline) is 
treated with a hot solution at cuprous bromide 
and the crude in bromo nitro benzene reduced 
with tin and HC1 (Sandrneyer, />. 18,1195). 

Acetyl derivative C,iI 4 BrNflAc. [ 88 ”]. 
Needles (from dilute alcohol) (Scheufelen, A. 
231, 175). 

p-Bromo-aniline C 6 H 4 Br(XIL) [1:4]. [02 ]. 
(Mills, P. M. [5] 14, 27). [00 J (Korner, J. 1875, 
342). 

Formation. —1. By reducing p-bromo-nitro. 
benzene with tin ami IICl (Iiiche a. B 6 rard, A. 
133, 52 ; Fittig a. Magcr, B. 7, 1175; 8 , 301).— 

2. By bromination of acetanilide and distilla¬ 
tion of the product with KOI I (Mills, P. >. w 4] 
19, 21; Pr. 10, 589).—3. By distilling bruino* 
isatin with KOI! (Hofmann, A. 53, 42).—4. In 
jmall quantity by brom inn ting aniline with Br 
rapour or in benzene solution (Kckul 6 , Z. i860, 
187). 

Properties. —Trirnetrio crys^ils; insol. cold 
vatcr, v. sol. alcohol and rthcr. Decomposed 
m boiling, giving aniline, and di- and tri-brfcmo- 
iniline. 

Reactions. — 1- HC1 at 100 3 gives aniline and 
li-bromo-aniline (Fittig a. Buchner, A. 188, 23). 
1. Sodium acts on it in ethereal solution form- 
ng benzene-azo-benzene, aniline, and NaBr 
Anschutz a. Schultz, B. 9, 1398; Claus a. 
toques, B. 16, 909).—3. By dissolving in cooled 
oraing HNO, it is converted into tri-nitro-aniline 
picramide) (Hager, B. 18, 2578).— 4. By nitra¬ 


tion of p-bromanilfae dissolved in 10 pta. of 
H^S0 4 bromo-nitro-aniline C^jB^NOJfNH*) 
[4:3:1] is produoed (NOlting a. Collin, B. 
17, 206).—6. Cyanogen forms a compound 
C*fI 4 Br.NH.C(NH).C(NH).NHC k H 4 Br [245°]; 
white plates (from alcohol) (Seiif, J. pr. [2] 85, 
530). 

Salts.—B'lICl: monocIinic.-IV,.n,FtCl # .~ 
B'Hllr iaq: monoclinic prisms (Stnedel, B. 16, 
28).— B'ji s S0 4 : lamiim 1 . B'JI..C.O,. 

Formyl derivative C # U Br.NII(CO.H), 
[119 3 ]. Long white needles. Insol. cold water, 
si. sol. hot water, v. sol. alcohol and other. 
Prepared by heating p-bronmuilho with formic 
ether, or bv broniinating formanilido (Denustcdt, 
B. 13, 234). 

Thioformyl derivative 
CJI 4 Br.NII(C»S.il) [190’]. Needles. V. sol. 
hot ether and alcoliol. Prepared by the action 
of P..S A on tho preceding body (Dennstedt, B. 13, 
j 236)*. 

1 Acetyl deiirativc [166°]. From acetanilido 
in glacial IIOAo and Br (Bcmmers, B. 7, 346; 
(Jiirke, B. 8, J11J). Also from p-bromo nnilino 
mill AcCl (Korner, (/ 4, 329), or acetamide 
; (Kellie, B. 16,1200). Monoclinic pi isms; o:6;c» 
i 1 *538:1: l*435 (I’auebianeo, G. 9, 357). M. sol. 

I alcohol, v. si. S'd. water. 

Isobutyryl derivative 
I CJl^Br-NU.0,11,0. [128 5 ]. From iaobutyryl- 
auilino and Br vapour (Norton, Am. 7, 117). 
Needles (from alcohol). 

Benzoyl derivative U,H 4 Ur(NHBz). 
[202 ’]. From benzanilido and Br (Meinocko, li. 
8, 564). 

Ox al y l d v r i r a t i v e C^O.j N1 1.0*11 4 Br)„. 
[above 200 J. From Br and oxanilide in I10A« 
(Dyer a. Mixter, Am. 8, 351). 

* Di-bromo-aniline OJI.Br (NJ.L) [1:3:4]. [79% 

Formation.- 1. By saponifying dibrominated 
acetanilide (driess, A. 121, 266), or brominated 
0 - or /i-L.o.nc-aeetanilido (Korner, G. 4, 329).— 
2. Together with mono- and tri-hromo-aniliuo by 
brominating aniline (Kekule, K. 2, 635). -3. By 
distilling di-bromo-isatiu with KOlI (Hofmann, 
A. 53, 47). — 4. Together with mono- and tri- 
bromo-anilinc by beating nitrobenzene with 
cone. lillrAq at 190'^ (Bauinhauer, B. 2, 122; 
; Z. [2] 5, 19m). - 0. By reducing di-bromo uitro- 
; benzene (Wurstcr, B. 6, 1491). 

Properties.— Needles or long plates. 

.Salts -B'lICl.- -B'jy’tCI,, -B',JLS0 4 . 

A cetyl derivative C a H,Br,NHAe. [146”]. 

Benzoyl derivative C tt H i Br 1 .NBz ; [l:3:4J? 
[131 ,J ]. From benzanilido and Br (Iliibner, It. 
10,1710). 

j .v-di-bromo- aniline C w H ? Br a (NIL) [1:8:5], 
[57°]. From p-nitio acetanilide, by successivi 
; c,m\erKion into nilro-ani’ no, di-bromo-nitro* 
^ aniline, and di-broino-mtyy-benzene, and reduo* 

. lion of the product (Korner, G. 4, 368; Lunger, 

! A. 215, 116). Needles. 

Di - bromo - aniline CJI^Br.^NHJ [1:2:4], 
[80'']. From the corresponding di-bromo-nitro* 
benzeno [5b°] (Korner, G. 4, 370). 

Di - bromo * aniline CJIjBrgNH.) [1:4:3], 
[52°]. From the corresponding nitro- compound 
[85°] (Riche a. Bcrard, C. It. 69, 141; Meyer %. 
Stuber, A. 165,180). 

Tri-bromo-anilin# 0 # H l Br l (NH 1 ) [i;8;5;6], 

[119°]. (300'). 





■ -a**!** ,*• -v wm mmurn « womffta t >a 

#5“ &#» »qn«oo8 solution oi a salt of 
wlUne (PritBsche, i. 44,291; jr. **. 2 8, 204; 
Hofmann, A. 63, 50J.-2. By the aotion of Br 
on o- or o-bromo-aniline (Korner, 0. 4, 305).— 
8. By reduction of tri-brorao-nitro-benzene (K.). 
4. Together with aniline and di-bromo-aniline 
by the dry distillation of £-bromo-aniline or by 
Vie&ting it with HClAq at 160° (Buchner, J?. 8, 

my 

Preparation .—Bromine (500 g.) is gradually 
added to aniline (100 g.)'. &s *oon a3 a solid mass 
ia formed glacial acetio acid is added and the 
addition of brfimino continued until the mass 
has a red colour. The product is washed 
with dilute alcohol and water and crystallised 
from alcohol (II. Hilberstein, J.pr. [2J 27,101). 
Yield 80 per cent. 

Properties . - hong colourless needles. 

Heactions.- 1. N/)„ passed into tri-bromo- 
aniline half dissolved, half suspended in alcohol, 
gives a yellow pp. of tribromo-diazo-benzono 
nitrate.—-2. Converted by diaso- reactions into 
s-tri-bromo-bouzene and into w-tetra bromo-ben- 
iene.~3. Cone. UNO, gives di-bromo-di-nitro- 
mclhane, tetra-bromo qu'mone, ?*-tetra-bromo- 
benzene, picric acid, and oxalic acid (Losanitsch, 
B. 15, 472). 

Halts. The salts arc very unstable, and 
cannot be. formed in aqueous solution. B'JIBr: 
email white needles [190' ], insol. ether and 
benzeno; decomposed by water.- B'llCl: small 
while needles (Gattermnnu, If. 10, 035). 

Acetyl derivative CJLjHvjMUkci. [232°] 
(ltemmers.B. 7, 810). 

1)iacet itl der ivative. C (i HBr : ,NAc,. [123°]. 

Tri-bromo-aniline (!,h .lir,(Nli.) (1:2:3:5], 
[above 130 ’J. From Iri bromo-mtro-binzono 
[112°] (Korner, (f. 4, 328). Its Balts are not 
decomposed by water. 

Tetra-brouio-aniline C„lIBr,(NI|.) [12:3:5:6]. 
[116°]. Formed by broniinating m-broino- 
aniline, or (1, 4, 3)-di bromo auilmo (Korner, O. 
4,328; \V r urster a. Molting, B. 7. 1581). Is a 
by-product in tho action of bromine on nitro¬ 
benzene in presence of l'V Hr„ (Nehcufelon, .1. 
231, 101). Needles. Converted by the dijizo- 
- reaction into K-letm-bromo-benzene. 

Penta-bronio-aniline (\Br 4 NIL. [222°]. Ob¬ 
tained by broniinating (1, 3, 5)-di-bromo-anilino 
(Korner, O. 4, 3(58). Largo noodles (from 
alcohol mixed with toluene)! # 

BROMO-ANILINE 80LPH0NIC ACID r. 
Bromo AMino-UKNZBNR sulhionic acid. 

BROMO-ANISIC ACID v. Methyl derivative 
of Uromo-oxy-urnzoic aoid.i 

BROMO-ANI9IDINE v . McthylSnom- 

AMIDvi-l’lIKNOL. 

BR0M0-ANTHRA(jENE (yi.Br. [100’]. 
Obtained by warming anthracene dibromido. 
Needles. Forms a red picric acid compound. 

(A. 1,2) Di-brorao-antluaoone C, ,11*0 r,. [221°]. 
From Br and anthraceue in CS, (Graebc a. Lie- 
bermann, A. Suppl. 7, 275). From triphenyl- 
methane in CS. ami bromine in sunlight (tri¬ 
phenyl-methyl bromide being also formed) (Allen 
ft. Kolhker, A. 227, 109; 228, 251). Golden 
needles (from toluene); may be sublimed. V. si. 
*ol. alcohol and ether. Alcoholic KOH at 100° 
form% anthracene. Dilute UNO, gives anthra- 
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150“ (Miller, A 182, 367). Golden table! (L<! 
alcohol). Oxidises to di-bromo-anthraquinone. 

Tri-brorao-anthraceneC^H.Br.,. (A. 1, 2 . B.) 
[169°]. Formed by heating (A. 1, 2)-di-bromo- 
anthraccne tetrabromide (G. a. L.). Yellow 
needles (from benzene). Oxidised by HN0 3 to 
bromo-anthraquinone (Claus a. llortel, B. 14, 
979).—Bromide; 

Tetra-bromo-anthracene 
C, ,H,Br, (A. 1,2, B. 1,2)? [254°]. Fromdi-bromo. 
anthracone tetrabromide and alcoholic KOH 
(Anderson, A. 122,304; G. a. L.). Yellow needles 
(from xylene). Gives di-bromo-anthraquinone 
on oxidation. — Bromide: C 14 H,Br H [212°] 
(Ilammorschlag, B. 10,1212). 

Penta-brorao-anthracene C,,H Br.. [212°]. 
Formed by heating tetra-bromo-anthracene 
tetrabromide at 230 c ' (II.). Yellow powder. 
Oxidisos to tetra-bromo-anthraquinone. 

Hexa-bromo-anthracene CnIl.Br,,. [310°- 
320°]. Prepared by tho action of Br in presence 
of I on di-bromo-anthracenc (Diehl, B. 11,178). 
Oxidised by K.Cr.O. and IPSO, to tetra-bromo- 
antliraqninone [c. 300 'j. 

Hcxa-bromo-authraceno C l4 TI,Br # . [above 
370’J. From C,,H,iBr M and alcoholic NaOH (H.). 
Silky yellow needles (from kerosene). Oxidation 
gives tetra-bromo-anthraquinono [above 370°]. 

Hepta-bromo-anthracene C,,U,Br,. [above 
350°). Prepared by the prolonged action of Br 
at 200° in presence, of 1 on di-bromo-anthracene 
(D,). Yellow needles. Insol. alcohol and ether. 

Octo-bromo-anthraceno C, ,11 Br„. Formed by 
very prolonged action of iodine bromide at 300° 
on Aepta-hromo-anthiacene (l).). Needles. Insol. 
most ordinary solvents, si. sol. nitro benzene 
anu aniline. 

(A. 1) - BROMO - ANTHRACENE-(A. 2)-CAR- 
B0XYLXC ACID [260°]. 

Formed by the action of bromine upon anthra* 
ccno-(A.)-carboxylic acid in acetic acid. Long 
glistening yellow needles. Sublimable. SoC 
alcohol, ether, and acetio acid, v. si. sol. benzene 
and water. Its solutions have a blue fluor- 
esccnco. Bvolvos CO a at its melting - point 
leaving bromo-anthracene. 

Salts.—AgA'; yellow microscopic prisms. 
—KA'; long very slender yellow needles.— 
BaA'„: yellowish needles (Behla, B. 20, 704). 

DI-BROMO-ANTHRACENE DISULPHONIO 
ACID OiiHtfBrjfSOjH)^ Frrom di-bromo-anthra- 
ceno and fuming H,80 4 (Perkin, n J. 24,19). 
Oxidises to anthraquinone disulphonic acid. 

Sa Its.—Na.A'BaA". 
BR0M0-ANTHRAN0L C M E,OBr t.e. 

•C(OII) N 

^Cllr 

[148°-151°J. Formed by the action of (1 mol. of) 
bromina upon anthranol (l mol.) dissolved in CS r 
Yellowish crystals. Insol. boiling aqueous, but 
converted by cold alcoholic KOH into an orange 
K salt (Golamanu, B. 20, 2437). 


°.H/\L )°> H < OT C . H «<CUrH>°« H 
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M^noMatkiud 0 lt H,0Br, «<. 

Anthraquinone - bromide. 

fl57°J. Formed by the action of (rather more than 
2 mol. of) bromine upon anthranol (1 mol.) dis¬ 
solved in CS V Large rhombio crystals. Insol. 
aqueous alkalis. By boiling with acetic acid it is 
readily converted into anthraquinone. 

(B. 1)-BR0M0-ANTHRAQUIN0NE 
C u H,BrO a . [188°]. Yellow needles. Sub¬ 
limable. Prepared by heating n-bromo-benznyl- 
benzoic acid G u H,Br.C0.0 o H v C(). ii with 1I..S0 4 
to 180°. On fusion with KOIl it give ; erylhro- 
oxy-anthraquinoue (Peehmann, B. 1*2, ‘2127}. 

{B. 2) • Bromo • anthraquinone C n H ; Br0 2 . 
(187°]. Formed by oxidation of tri-bromo- 
anthraceno with CrO., and llOAc (Gracbe a. 
Liebermann, .1. Suppl. 7, 290). Yellow needles; j 
may be sublimed; si. sol. alcohol, m. sol. hot 
benzene. Converted by potash-fusion into ali- , 
zarin. 

Di-bromo-anthraquinone C It H„0,Br,. [205°]. , 
Formation. — I. By brominating anthra 
qninone (Graebc a. Liebermann, A. Suppl. 7. 1 
288; Diehl, B. 11, INI). 2. By oxidation of : 
tetia-bromo-anthraceno or di-chloro-di-bromo- 
anthracene with CrO, (G.a.L.; llummerschlag, 
b. 19,1107). 

Properties. —Boils with slight decomposition, 
si. sol. boiling alcohol, m. sol. glacial llOAc. 
Potash-fusion at 250-’ gives alizarin. Accoid- 
ing to Perkin ( C . J. 37, 551; vrir. com.) the 
di-bromo anthraquinone formed by the first ; 
method melts at 215° (or 250 J cor.) and differs j 
from that formed by the second method, which j 
melts at 275 1 (or 281 -5 1 cor.) by giving, on 
potash-fusion, not only alizarin but also llavo- ! 
purpurin and anllmipurpurin (tri-oxy mithra- ‘ 
quinone). 

Tri-broino-antbraquinone C H II.Br 3 0.,. [180°J. 
Prepared by the action of Br in presume of 1 
upon anthraquinone or di-bromo-anthraqninone 
at 200° (Diehl, B. 11, 182). Yellow needles; 
insol. alcohol. 

Tri - bromo - anthraquinone C M li,Pi\,0 4 . 
[3G5°j. From penta bromo-anthracene, Cr()„ | 
and HOAc (Hammerschlag, B. 10, 1213). Flat ‘ 
needles (by sublimation). j 

Tetra - bromo - anthraquinone C,,H,Br,0., ‘ 
[295°-300°J. Formed by oxidising hexa-bromo*. 
anthracene [320°] or by brominating tri-bromo- j 
anthraquinono [18() :) ] in presence of I (D.). \ 
Yellow needles. j 

Tetra - bromo - anthraquinone C, ( li,Br t O r i 
[above 370*]. Formed by oxidising hexa-bromo- 1 
anthracene [above 370°] (H.). Yellow needles. | 
Penta - bromo - anthraquinone 0,^11^13^0.^. j 
Formed by oxidation of hepta-bromo-anlhra- 
ccne (D.). Subliiuvs with difficulty without j 
melting; si. sol. boiling toluene J 

DI- BROMO-DIANTHBYL C,,H 2o Br 2 . % [far 
above 300 C J. Yellow prisms (from toluene). ! 
Formed by bromination of dianthryl dissolved 
in CS., (Liebermann a. Girnbel, B. 20, 1855). ! 

DI - BROMO - APO PH YLLENIC ACID j 

O.H.BrNO, i.e. C i NH a Br(C0.H)(C0 1 Me) or 
C.NUjMcBrfCOJI)< q°>- Methyl-ether oj 

bromo-pyridine dicarboxylic acid? From bromo- 1 
tarcomne (a derivative of narcotine) and Br 
Oeriohten, A. 210, 91). Hard prisms (oon- , 


taining 2aq)sol hoi water. Ite aototfow 
give no pps. with salts of Pb, Ag, or Ou. Heated 
with cone. HC1 it formi 00 t , MeOl, and • 
bromo-pyridine carboxylio aoid (?) [199°]. 

* Salt.—BaA r t 3aq. 

DI - BROMO - APOPHYLLIH C, ,H 10 Br 4 N 8 O r 

[229 J j. From bromo-tarconine or brorao-apo* 
phyllenic acid and bromine-water (v. Goriehten, 
A. *^10, 94). Six-sided tables (containing 4aq) j 
sol. water, insol. ether. Alkalis form a deep- 
red solution. I1C1 at 150° gives CO,, MeCl, 
di-bromo-pyridine, and di-bromo-pyridine mo- 
thylo-chloride. 

Balts. -B"1ICI.~B"21IC1.—P" a lI ; Virl (1 a«i. — 
B”IIBr.-B"2HL3r. 

DI - BROMO - ATROLACTIC ACID r. fl/8-Dl. 
nnoM'> a-oxY-t»-i‘iiFNvi.-i>n«'ri.*Nrc Ann. 

BROMO - ATROPIC ACID C H lI,BrO a i.e. 
Ph.CJIBr.CO.JI. Exo-bromo-a-phenyl-acryHc 
acid. [130 ]. From the compound of utropio 
acid (1 mol.) with llBr (2 mols.) by boiling with 
water (Fittig a. Wurster, A. 195, 102). Blender 
needles (from water). 

TETRA - BROMO - AURIN C lw ll llt Br 4 0,. 
Formed by brominating aurin dissolved in 
llOAc (Dale a. Sehwrlemmer, C. J. 35, 152; 
<•/. Zulkmvsky, M. 3, 405). Bronzed crystals. 
Alkalis form violet solutions. 

Salt.-•A"Ag s : dark violet insoluble pp. 

Ethyl ether A"Kt y : [110°-115’]; micro¬ 
scopic reddish crystals ; sol. alcohol, ether, and 
benzene (Aekernmim, B. 17, 1020). 

BROMO AZ0 BENZENE v. pp. 374, 379. 

TETRA-BROMO-AZOPHENINE CJI, Pr 4 N,. 
[213 v j. Formed by healing p-iiitroso-di-phenyf- 
amine with pbromo-unilino and p-bromo aniline 
hydrochloride at 100 \ Greatly resembles azo- 
piienine (O. Fischer a. Jlepp, B. 20, 2181). 

BR0M0-AZ0-T0LUENE r. p. 391. 

DI-BROMO AZOXY BENZENE v. p. 427. 

BROMO-AZOXY-TOLUENE v. p. 128. 

BROJO - BARBITURIC ACID C 4 U a UrN . 2 0,, 

i.e. CIIBi<[;^ ^{J>CO. Bwmo-malonj/l-vrea. 

Vrcidc of bromo malonic acid. From di-bromo- 
barbiturio aeid by reduction with Na or Zn, or 
by evaporating with aqueous 11CN (Haeyer, 
A. 130, 134). Small needles; si. sol. cold 
water. 

Salts.—NII,A'. — ZnA'jjBaq. — ZnA'^Oaq 
(Mulder, B. 12, 2309). 

Di-brniq-barbiliric acid C,lI,Br..N a O r Di- 
bromo-malimy!-urea. Formed by the action of 
Br on barbituric, nitrobai hit uric, nitroKo-bar- 
hituric. and hydurilie acids (Baeyer, A. 127,199 ; 
130, 130). 

Preparation. — Aom di-bromo-oxy-methyl- 
uracil and fuming UNO, (Behrcnd, A. 236, 
02). 

Properties.— Trimetri^ crystals. Sol. water, 
V. sol. hot alcohol andetjvj. 

Jicactions. —1. Boiling water forms alloxan 
and iiBr.— 2. Ill reduces it to hvdurilic and 
barbituric acids. - 3. H a S forms dialuric acid.— 
4. Bromine water forms CO, and tri-bromo- 
acetyl urea. -5. Alkalis form CO a , tri-bromo- 
acetyl urea, and bromo-barbituric acid. — 0. 
Thio-urca forms Bo-calied thio-pseudo-uric acid 
C 4 N 4 lI ft O J S (Trzcinski, B. 16, 1057).~7. Potae - 
tium sulphocyanvle forms Bulpbocyano-barbl- 
turic aoia 0,N 4 H,S0, (T.). 





BKOMO-BARBITUBIO ACID. 


Di bromo-ALbafbitorlc acid 0 8 H 4 8r 2 K 4 0, aq. 
Prisma (Baeyer, A. 130, 145 ; of. p. 440). - 
C i H t 13r.,N.0 1 HBr. Prisms, v. si. sol. water. 

DI-BROMO-BEHENIC ACID C r H 42 Br,O a . 
[43°]. From erucic acid C^H^O., and bromine 
(Ilaussknecht, A. 143, 40; Otto, A. 135, 220). 
Nodules. Converted by alcoholic KOH to bromo- 
erucic acid, C^lIuBrOj and bohenolic acid 
C. rt H w O r Moist Ag.,0 forms oxy-erucic acid # and 
di-oxy-behcnio acid. Sodium amalgam forma 
orueic aoid. Halt a.— BaA' r - - PbA'... 

Di-bromo-bohenic acid C r JI 12 Br ; 0... [54°]. 
From brussic acid and bromine (II.). Reduced 
by sodium-am sigam to brassic acid. Alcoholic 
KOH at 220° gives bohenolic acid. 

Tri-bromo-behenic acid C.JIuBr/L. [32°J. 
From bromo-erucio acid and bromine (H.). 

Tetra-bromo-behenic acid G.,Jl l( ,l>r 4 O r 
From behenolic acid and bromine (II.). 
Lamina) (from alcohol). 

BR0M0-BENZALDEHYDE V. Ilr.oMO-RKNZiHC 

BROMO-BENZAMIDE v. Amide of Bkhmo- 

UKNAOHJ ACID. 

BROMO-BEEZANILIDE v. Anilide n/Bu.nm- 

IIKN/ilIC ACID, 

BBOMO-BENZEHE C.H.Br. Phem/l bromide. 
Mol. w. 157. (150“), H.U. 7 HU I i. „ 1-57HH. 
It*05-81 (liii.hl). H.V. HO-'J (Hchilt, II. HI, 
504). Vapour pressure : Itamsay a. Young, 
C.J. 47,«1G. 

Formation.-— 1. From bromine and benzene, 
cither boiling or in sunlight (Couper, A. Ch. [3] 
52, 300; Schramm, B. 18, (100). The reaction 
is promoted by the presence of 1 (Ador a. Killiet, 
li. K, 1287) or ALCl a (Greene, C. li. DO, 40; 
Leroy, Bl. [2] 48,210).—2. Formed by running a 
solution of NaNCL into a hot solution of Cu.Jir., 
uud aniline in diluto II.,S0 4 (Sandmeyer, B. 17, 
2052). 3. By heating diazobenzene with a largo 
excess of strong HBr; the yield is # 32 jw?. of the 
theoretical (Gasiorowski a. Wujss, If. 1H, 1038). 
4. From phenol and bromide of phosphorus 
(Riche, A. 121, 357). 

Profh'ities.— Oil; not attacked by KOH, IvCv, 
or AgOAc. 

licaetions.—l. Boiling with ALCl* produces 
benzene ami di-bromo-bonzonrs (Dumreichor, 
B. 15,1857). 2. Converted in the animal sys¬ 
tem into p-bromo-phenyl-mereaplurio acid 
(!„ll„,BrXSO,„ p bromo-phenol, bromo pyrocate- 
ehin, and brnmo-hydroquhtone (Hartmann a. 
Prcusso, If. 3, 156.Jude, B. 12, 1002).-3. 
Converted by cone. 11,80, intodi-bromo-benzene 
sulphonic acid and (jromo ben/.eno di-sulphonie 
acid (Ilorzig, M. 2, 192).-4. 0180,11 forms 
OJI,Br(SO,H) [1:4] and CJl.Br.SO^C^Br 
(Li'ckurts a. Otto,If. 11,2001).—5. Heating with 
MeO.Na gives C H H ft OMe and phenol (Blau, M. 7, 
021). According to Ifitticu [II 17, 2034) there 
is a second bromo-benzene [c. 02’]. 

o-Di-bromo-benxene 0,,H fc Br. [1:2]. [-1°]. 
(224 ’). S.G. f 2*003. Formed in small quan¬ 
tity in preparing n-di-bromo-benzene from ben¬ 
zine ami Br (Riese, B. 2, 61; A. 164, 170). 
Formed also from o-nitraniline vid o-bromo- 
nitro-bcnzenc (Korner, GA, 833). HNO, forms 
chiefly di-bromo-nitro-benzone [58°]. 

m-Di-bromo-bcutcac C 4 H 4 Br, [1:3J. (210°). 
B.G. 5 7 1 055. 


Formation.—X. From (l,3,4)-di.bromo-4m* 
line (Meyer a. Stftber, A. 165, 169).—2. From 
a-di-bromo-aniline.—3. From m-di-mtro-benzena 
vid m-nitro-aniline, rn-bromo-nitro- benzene, 
and w-bromo-aniline (K.).— 4. Together with the 
p- isomeride by the action of Br on benzeno in 
presence of A1,C1„ (Leroy, Bl. [2J 48, 211). 

Properties. — Has not been solidified. Yields 
with HNO, two nitro- derivatives [62*] and [83°]. 
Sodium acting on an ethereal solution forms 
diphenyl, C 41i H„Br, [220°] and C 7g II„Br, [250°J, 
(Gohlschmiedt, M. 7, 45). 

p-Di-bromo-benzene C tt II 4 Br a [1:4]. [80°]. 
(219°). S.V.S. 127*8 (Schiff). 

Formation.— 1. By bromination of benzene 
or bromo-bonzene (Couper, A. Ch. [3] 52, 309; 
Riche a. B6rard, A. 133,51; Riese, A. 164,102; 
Jannasch.B. 10,1355). -2. Fromp-diazo-bromo- 
bonzono perbromide by heating with alcohol 
(Griess, G. J. 20, 00).—3. From p-bromo-phenol 
and PBr 4 (A. Mayer, A. 137, 219).—4. From ben¬ 
zeno, Br, and Fe a C! a (Schoufelen, A. 231,188). 

Preparation. - 1. By treating benzene with 
Br and a little I.—2. Bromine (900 g.) is added 
slowly to benzeno (240 g.) and ALCl fl (30 g.). 
On adding water in excess, the product de¬ 
posited consists of crystals of the para- com¬ 
pound, with an oil, consisting chiefly of the 
meta- compound. This oil, however, contains 
some para-di-bromo-benzene in solution. To 
separate this, tho oil is treated with fuming 
H,S0 4 . Tho meta-derivative is easily sulpho- 
iluted in this way, but the para- is not affected. 
On adding a largo excess of water, the solid 
CJIJlr., [1:4] is ppd., and the clear solution of 
the mcta-sulphonate distilled with steam gives 
C„H,Br a [1:3] (Leroy, Bl [2] 48, 211). 

Properties .—Prisms or plates, isomorphous 
with p-di-culoro-benzeno (Friedel, Bl. [2] 11, 
38). Sublimable. SI. sol. alcohol. 

true I ions.— 1. Ilrated for 30 minutes with 
ALCl„ (^ part) gives C.,11 ttr, C„H,l>r., [1:3], and 
two tribromobenzenes.C,;! l,Br ; , [1:2:1] and [1:3:5] 
(L.).-~2. HNO, forms a nitro-derivative [85°].— 
3. In ethereal solution sodium forms diphenyl, 
di-phenyl-benzene, and C^ll^Dr, [265 ’] and 
C, H H s ,Br., [300’] (Riese, A. 101, 161; Gold- 
sclimiedt, Ilf. 7, 42).— 4. Mel and Na form p- 
xyleno.—5. NuOKt at 190° gives CJI.BrOEt, 
bromo-benzone, and benzene (Balbiatio, G. 11, 
401).—6. NaOMe forms C ft H,BrOMe. C,H 4 (OMe) a 
anu C,.II,(01Ie)(OH) (Blau, .1/. 7,621).—7. Con¬ 
certed by cone. ILSO, into tetra- and hexa- 
bromo-benzono {Herzig, M. 2,192). 

c-Tri - bronio - benzene C rt H,Br, [1:2:3]. 
Mol. w. 315. [87°]. From (l,3,5,2)-di-bromo- 

nitro-anilino vul tri-bromo-n:tro-benzene, and 
tri-bromo-anilino (KoPncr, G. 4, 401). Tables 
(from alcoholf; may bo suBlimed. 

' s-Tri-bromo-Benzene C b H,Br, [1:3:5]. [119°]. 
(278*). Formation.— 1. From ordinary tri- 
bromo-aniline (Stiiber, B. 4, 956; A. 165, 173; 
Reinke, A. 186, 271; Biiasmami, A. 191, 206; 
Silbortoin, J. pr. [2] 27,104).-2. From (1,3,5). 
di-bromo-anilino (K.).—3. In small quantity by 
the action of light on bromo-acctylene (Sa- 
banojeif, J. B. 17, 176). 

Properties.— Needles (from alcohol); al. aol. 
alcohol. Boiling cono. H,SO, forma hexa- 
bromo-benzene (Herzig, if. 2, 197). NaOMe 
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fonniO a H a Br f (OH) and O l H»Br a OMe [77*1 (Blan, (800 g.), Pe,CI, and benzene (17 g.) in theoold. 
M. 7, 621). Good yield (110 g. instead of 119 g.) (Soheufelen, 

tt-Tri-bromo-benzene GJTsBr, (1:2:4]. [44°]. A. 231, 189). Properties .—Long needles (from 
(275°). Formation.—1. From hexa-bromo- toluene). V. si. sol. alcohol and tolneno. 

benzene and alcoholic KOH (Mitscherlieh, P. • BROMO-BENZENE o-SULPHONIC ACID 
35, 374; Lassaigne, Rev. Scient. 5, 300). — 0 # H 4 Br.S0,II fl:2]. From o-amido-benzone sul« 

2. From (1,3,1)-di-bromo-phenol and PBr 4 ! phonic acid (Bermlsen a. Limpricht, A. 177,101} 

(Mayer, A. 137,224).—3. From (1,3,4)-di-bromo- ■ Bahlmann, A. 181,203; 180,315). Long deli- 
aniline (Griess, Tr. 154, 667).—4. From ; imeseent needles; v. o. sol. alcohol. NILA'.— 

and />-, di-bromo-bonzeno by nitration, reduction, i K.-vaq. — BaA' 2 aq. — BaA'.. 2aq. — CaA' t laq. — 
and diazotisation (K.).—5. Got from each of i Pb.V._. 3aq. — AgA'. 

the dibromobenzems by heating with water and Chloride C tl lI,Br.SO.Cl [51°]. 

bromine at 250° (NVroblewsky, A. 192,220).— Amide CJTjBr.SO.Nli, (186°). 

6. From benzene, bromine, and FoXl* (Scheu- Bromo-benzene ?n-sulphonic rcid 

folen, A. 231, 188).—7. As a by-product, in C„fI,Br.S0 3 II (1:3]. From amido-benzono «i- 
the preparation of C„lI,Br. by the action of Br. ‘ snlphonic acid (U.-rndscn, .4.177. 92). Formed 
upon C 0 U e in presence of Al.CI d (Leroy, Bl. [2J also by brominating benzene snlphonic acid or 
48,213). Properties. -Needles; si. sol. alcohol, its silver salt (Boss Garrick, 7L [2j 5, 519; Gen/., 
s-Tetra-bromo-benzene CJI_.Br, [1:2:4:5.'. B. 2, 405; Nftlting, B. 8, 819 ; Thomas, A. 1 HU, 
Mol. w. 394. [175 Formation. From p- 133). Very deliquescent. KA'aq. S. (of KA') 
di-bromo-ben/mne and Br at 150 J (lticho a. 41 at 0\- Pb.V v 2aq. --PbA'j3nq.-- S. (of PbA'J 
B5rard, A. 133, 51).—2. From u-tri-bromo-ben- . 5 78 at 7°.— Ba.V._,2aq. S. (of IiaA'.J 3*5 at 14°. 
zene and Br. 3. From nitrobenzene and Br (Ju.V.. AgA'. 
at 250’ (Mover, B. 15, ti»>.—4. From benzene ; Chloride 0„lI l Br.SO ; .Cl. Oil. 

(30 g.), Fe.Ci, (5 g.), and bromine (210 g.); the I .1 m ide C (1 II 4 Br.NO i .NiL. (154°). 

mixture must bn cooled (Scheiifeb-u,.4.231, 187). • Bromo-benzene- p-sulphonic acid 

Properties. ~-Long needles (from alcohol). i C„lI,Br.SO J H [1:1] [88°). Deliquescent needle*. 

w-Tetra bromo-bonzene (JJI.Br, (1:2:3:5b 1 Formation. ~ 1. By sulplionatiug bromo- 
[98*5 J ]. (329 ’). Formation. —1. From (1,3,5,2)- benzene with 11.80,, ClSO.ll, or SO ;4 (Couper, 
tri-bromo-phenoland PBr,. (Korin r, A. 137,21s; ('. II. 45, 230; Boss Garrick, /,. j*j| 5, 549; 
Mayor, A. 137, 227). - 2. From (1,3,5,2) tri- Armstrong, /. 12] 7, 321; Nolting, B. 8,594).— 
bromo-aiiiline iWurster a. Nulling, B. 7, 1561; 2. From p-ainido-bcuzonoKulphonioacid (Moyer* 
V. v. Iiiohtcr. B. 8, 1128 ; Silbersti-in, J. pr. [2] A. I5ii, 291 ; Berndson, A. 177, 92). 

27, 118). 3. From C„IIltr,S<»,11 by healing 75 ucf/o/M.--Tho K salt distilled with K l FeCy a 

with HC! (Bi.i-nnnm, A. 191, 221). -4. One of givi s tcrephlhalonitrile. 

the products obtained by heating tri-bromo- ; Salts. {(Joslidi, B. 8,352; A. I so, 93).— 

diazo-benzeno nitrate with benzene (SillaT.-tein, Nil,A'. KA'. CaAViuq. BaA'._. I’b.Vjiaq.— 

J. pr. [21 27, 110). J’mpertirs. -Long needles, 1‘bA'.. — Zn.V...Oaq. --OiiA'.JJnq. AgA'. 

v. si. sol. alcohol. UNO., (S.G. 1*50) gives a Chloride C,JI,Br.SO.CI. [75°]. 

nitro-derivative [9U 3 ]; fumingIINO s (S.O. 1\51) Amide [K»l c j (Biissmann, A. 191, 217). 

gives a di-nitro-derivative [228°]. Acetyl-amide C„II,Br.S<LNHAc. [199°J. 

Tetra - bromo - benzene CJLBr,. [lUO 3 ]. AritUde C„II 1 Br.SO..NlU > h* [119"]. 

From p-nitro benzoic acid and Br at 280 J (Hal- Bromo-benzeno di-sulphonic acid 
berstadt, B. 11, 911). Needles (from alcohol). CJIjBrfSOJ/B >_ 1:3:4?]. From the correspond- 
Tetra - bromo - benzene CJLBr,. [138 J ]. ing arnido-bonzene disuljdmnic and (/atulei, A. 
From p-di-bromo.bonz>me and boiling cone. 198,28). Deliquescent needles.- I'.aA''3a<|. - 
H..SO, (ller/.ig, .17. 2, 195). One, if not both, PbA"uq. 

of the two last-nemtioiied bodies is, doubtless, u Chloride C II II 1 Br(SO.,Cl). J | I01 J J. 
mixture. Amide C B II,Br(SO a NJr) a (210 J. 

Penta-bromo-benzene CJIBr.,. Mol. w. 473. Bromo-benzene di-sulphonic acid 
f260°J. Formation. —1. From Br and nitro- ' CJl,Br(SO,!!)_. [1:2:4]. 

benzene or di nitro benzene at 250 5 (Ivekule, A. j Formeti^n. — 1. From the corresponding 
137, 172). 2. From .s-tri-bromo-benzeno and amido benzene disulphonic acid (Zandir, A. 
fuming H.SO, at 100 3 (Biissmann, A. 191,208).— ] 198, 10).— 2. From bromo-benzene /Moilphonio 

3. From alizarin and lJrl at 250° (Diehl, B. 11, • acid and SO, at 210 3 (Molting, B. 7, 1311). 

191). Properties. -Silky medics; v. si. sol. j Properties .—Slender deliquescent medic*, 
alcohol, sol. benzeno. j K 3 A"aq. - BaA"4aq. S. (of BaA") 6 at 22°.— 

Hexa - bromo-benzeno C,Br„. Pcr-bromo- Ag a A" 
benzene, [above 315 j. Formation.— 1. By the j Chloride C,TT,Br\fD CJ) a f 1 
action of Br containing I upon benzene, toluene, J Amide C fl Il J Br(S0 2 v [239°]. 
or benzene-nzo-benzene at 25ir tOO 3 (O.ssner,* Bromo-benzene di-ml^iionio acid 
B. 9, 1505). 2. From tetra ’ romo-quinom? and , C fl H 4 Br(SOJI) a [1 or 4:5:3]. From the corra- 


PBrj at 280 3 (BuotT. B. 10. B>3). - 3. From p- di- ! spending aruido - benzeno disulphonio acid 
bromo benzeno (or tri-bromo-benzene) and cone, i (Heinzdman, A. 188,177). Deliquescent needle*. 
K,S0 4 (Herzig, .17. 2, 192).—4. By heating at | Salts. -(Nlf,)..A".—BaA"2Jiq.—PbA"2^aq. 
360°por-brorao-methane,per-bromo-eth;uje,per- j Chloride C„ll,Br(SO a Cl) a [99°]. 
bromo-butane,per-bromo-peutane,orper-i»rorao- Amide C^lIjilriSOjjNII.Jj [245°j. 
hexane (Merz a. Woith, B. 11, 2235).—5. By j o-Di-bromo-benzene *ulphonic acid 
beating bonzene with bromine and Al a Br a .—0. j CJHgBrJSOjII) [1:2:3]. From the corresponding 
By heating pentabromo-phcnol with PBr. at 2G0 9 j di-amido-benzene aulphonio acid (Bach**, A . 
(Mera a. Weith, B. 18, 2890).—7. From bromine ' 188, 153). Deliquescent prism*. 
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Salti.-KA'.-aBaA', Ssq. S. (of BoA'J 
■M3 at 10*.—Cal', Jaq.—PbA',8aq. 

Chloride OAB^.SO.Cl [137 s ]. 

Amide C < H,Br,.SO I NH, [215°]. 

o-Di-bromo-beniene sulphonio acid * 

C,H,Br,(SO,H) [1:2:4], [07 J J. From silver 

bromo-benzene m- or p- sulpbonate and bromine 
(i-imprieht a. Ooslich, A. 180, 145), From 
C,}I,Br(NH,)SO,H bydiazo- reaction (Langfui^h, 
A. 101,170; Spiogelbcrg, A. 127, 203). The free 
acid crystallises with 3nq [68°]. 

Halts. - KA'. - NH,A’. — BaA’,2aq. — 
BaA', 3aq. K. .((if BaA'„) '3 at 11°.—CaA',.— 
PbA'., 2aq. ». (tof PbA',) -20 at 7°. - AgA'. 

Chluri/le C,H,Br,SO,Cl. Oil. 

Amide O.U,Br s BO,NII, [175°]. 

m-Di-bromo-benzene aulpbonlc acid 
C r ll,ltr,(SO,H) [1:3:5), From dihrominated o- 
orp- aiuidu-bonzcno sulphonic acid by thediazo- 
naction (tdmpricht, h. 8, 10110; A. 181,201; 
Hchmilt, A. 120, 158; Lena, A. 181, 23). It is 
also a product of the action of cone. 11,80, on 
bromo-benzone (Herzig, ,U. 2,132). Crystalline. 

Halts.-NH,A'.—KA', —HaA'jSlaq. S. (of 
BaA',) -28 at 18’. - CaA' 3iaq.-PbA' llaq. 
8. (of PbA'.,) -21 at 18°. 

Chloride C,lI,ltr,.SO,Cl. [57-5°]. 

Amide C a II,lli- r 8(J,NII,. (203°). 

hi Dl-bromo-bonzeno sulphonic acid 
C,ll,llr,SO,H [1:3:4J. [MO 1 when hydrated]; 
[110 5 anhydrous). From C,H,Br,.(Nli,)SO.,n 
[101:1:0] hy diazo- reaction (Lungfurth, A. 131, 
184; Ciissmnim, A. 131, 232). Blonder deli, 
quescent needles (containing aq). Hoi. alcohol, 
insol. ether. With Illlr at 1 K() ’ gives II,HO, and 
m-ili-bi'omo-benzeno. 

Halts.-Nil,A’.-KA'. -BnA',2Jaq (I,.). - 
13aA', 2uq (B.). H. (anhydrous) 2 at 10 ’ (Ij.); 
1 at 20° (B.). - CaA'., 3aq. H. (anhydrous) 
3 31 at 10”.—PbA', 3aq. 8. (anhydrous) 1-13 
at 8”.—AgA'. 

Chloride C„Il,l!r,80,Cl. [79 ,I J. c 

A mido C,H,iii SO.Nli,. [190'J (anhydrous). 

p-Di bromo-benzine sulphonic acid 
C,H,ltr,(80,11) [1:4:2). [128'J. 

Formation. 1. Itv bromination of silver o- 
or r« bromo-bonzrne salphonnle lllahhuann, A. 
181,200; Limpricht, A. 180, 133).—2. By sul- 
plionation of p-di-bromo-benzene (Douglas Wil* 
hams, '/,. [2] 7, 302; lliihner a. Williams, A. 
107, 117; Wolz, A. 10,8, 81).—3. From nitrated 
bromo-benzone u- or w-aulpltonic ajhUThomas, 
A. 180, 123; B.).—4. From brominated amido- 
benzene o-sulphonio acid (11.). l’risms (con- 
tabling 3aq), |98°]. Couc. Illlr at 250° gives 
11,80, and p-di-bronfc-benzene. 

Halts, trf. Borns, .3. 1W, 350).—Nil, A'.— 
NaA' i.Uq.- KA'aq. H. (of KA't 5-79 at 21°.— 
AgA'liaq. AgA' 3aq. 8. (of AgA') 1-09 at 
10”.—l!aA',. 8. 1-01 at lG°.-lla.V.. aq.— 
BaA',2aq.- -BaA', 5aq.—Cn.V, 4aq. 8. (of CaA',) 
6-90 at 22°.—CaA', 5a,p- CaA', lOaq. PbA', 3a,p 
S. (of PbA',) 2-50 at 21°. - PbA'.. 4aq. -CuA', llaq. 

Chloride C,H,Br.(SO.Clj: [72°]. 

A mide C„lI,llr,(s6,NH.). [193° I. 

Anhydride (0„H,llr,s6,),0. Obtained by 
Ihe action of fuming sulphuric acid upon p-di- 
bromo-benzene. Amorphous powder. Nearly 
Insol. alcohol, ether, and benzene. By boiling 
alkalis it is converted into salts of the acid; 
wy slowly attacked by boiling water. PCI, oon- 


verts it into the chlorid* (Boaenbert, 8. It 

658). 

m-Dl-bromo-benienc di-solphonlo acid 
C,H f Br,(SO,H),. From 0,H,(NO,),(SO,H), (Lira- 
pricht, B. 8, 290). Deliquesoent. 

p-Di-bromo-benaene disulphonic acid 
! C,H,Br,(SO,H),. Formed by sulphonating p-dl- 
1 bromo-benzene (Borns, A. 187, 3C6). Small 
columns.— K, A".—BaA" 4Jaq. 

Chloride C,H.,Br..(SO,Cl),. [161°]. 

Amide C 4 H,Br,(s6.,NH,),. [ 2 10”]. 

Tri-bromo-benzene aulphonic acid 

C. lI,Br ; ,SO,H [1:3:5:0). [145°] (anhydrous). 

Formed hy 6ulphonating s-tri-bromo-henzene 
(lteinke, A. 186, 271; Biissmnnn, A. 191, 200). 
Also from C,H(NH,)Br,SO,H [1;2:4:0:3] by diazo. 
reaction (Langfurth, A. 191, 191). Six-sided 
tables (containing aq) [95°]. Water at 180° 
forms Ii,SO, and s-tri-bromo-benzene. 

Salts.—Nil, A' aq.—KA' 3aq.—KA'aq. S. 
(of KA') -81 at 5-5 (B.).— BaA',9aq. -BaA',flaq. 
—BaA',2aq. 8. (of BaA',) -41 at 5-5° (L.); -22 
at 7-5° (B.).*-CaA',8aq. ”8. (of CaA'..) l-95at7” 
(L.); 3-5 at 2-5° (B.).«- CaA',.4aq.—CaA',7aq.— 
PbA',aq. - PbA', 9aq.- PbA', 2aq. S. (of PbA',) 
*30 at 7° (13.).—AgA'aq. 

Chloride. C„H,Br,SO,Cl. [05°]. 

Amide. C,li,Br,SO,NH,. Decomposes 
above 220”. 

Tri-bromo-benzene sulphonic acid 
C u H,Br,.80,H [l:2:4:5j. [ 110 ” anhydrous). 

From (i, 2, 4, 6)- or (2, 4, 1, 5)-di-bromo-amido- 
benzone sulphonic acid bydiazo-reaction (Dong- 
furtli, A. 191,188; lteinke, A. 180, 288; Knuth, 
A. 180, 303; Spiogelbcrg, A. 197, 282). Needles 
(containing 3a,;) [80°]. With Illir at 200° Rives 
11,80, and C_H.Br, [1:2:4], 

Salts.—Nil, A'nq.—KA'aq. 8. (of KA') 103 
at 20° (B.); -77 at 22° (8.).- BaA', 3aq. 8. -122 
at 12”.—BaA', 2aq.— BaA'. Oaq. -CaA'.. Gaq.— 
PluJ,', 4aq. ■ AgA'. 

Chloride. - C,.JI,Br,SO,Cl [8C-5 0 ]. 

A tn ide.~ C„HJ3r,sd..N r li. [c, 225°). 

Anhydride ‘(C,H,Br : ,.80,1,0. Obtained 
by tbo action of fuming sulphuric acid upon 
tri-bromo-benzono (1:2:4). Amorphous powder. 
Almost insol. alcohol, ether, and benzone. By 
boiling aqueous alkalis it is converted into salts 
of the acid ; only very slowly attacked by boiling 
water. PCI, converts it into the chloride (v. 
supra ] (Rosenberg, IS. 19, 054). 

Tri-bromo-benzene sulpbonic acid 
C|iH,Br,SO,H [1:2:3:5]. From di-brominated 
amido-bonzene j,-sulpbonic acid (Lenz, B. 
8. 1067; A. 181, 29). - NH,A'. - KA'.— 
CaA',2Jaq. 8. -39 at 20”.-BaA',3aq. 8. (of 

BaA',) ‘021 at 18°.—PbA', 3.kq. 8. -050 at 21”. 

I Chloride C.lf.Ut,,SO,Cl. (127°). 

Amide C/U,Br,S .Nil. [210°]. 

Tri-bromo-benzene sulphonio acid 

D, ,HJlr,SO,II [17:2:3:51. From silver (1, 2, 4)- 
di-bromo-benzene sulpbonate and Br (Ooslich, 
A. 180, 154). Is perhaps identical with the 
preceding.—BaA', iliaq. 

Chloride [121 s ]. Amide [152”), 

Tri-bromo-benzene aulphonic acid 
C,iyir,SO,H [1:3:4:5]. From nitrated (1,8, 5) 
di-bromo-benzene sulphonio acid (Lenz, A. 
181, 39).—KA’aq.—BaA'-nq. 

Chloride C,H,Br,SO,Cl. [80°]. 

A mi Ac C,H,Br,SO,NH,. Biaokeni at 915*. 






Trt-bro»«.b*nMa**iulphonlc aeld 
0 # H t Br J 80 # H. Possibly identical with the pre¬ 
ceding. From nitrated (1,4,2)-di-bromo-benz- 
eno sulphonio aeid (Borns, A. 187, 364).— 
KA' 3jaq.—BaA',2aq. 

Amide [above 220°]. 

Tri'bromo-benzene sulphonio acid 
C # B^Br 3 SO,H. From silver bromo-ben zone o- 
■ulphonate and Br (Bahlmann, A. 181, 207). 

Chloride C.H^^SO.Cl. [56°]. 

Amide C 6 H,Br 3 S0 2 NIL. [202°]. 

Tri-bromo-benzene sulphonio acid 
C,H. i Br a SO : ,H. Formed at the same timo as the 
preceding (B.). 

Chloride C - H..Br ;l SO,Cl. [72°]. 

Amide C u II,Br s S0 3 NH 2 . [187°]. 

Nine tri-broino-benzene sulphonio acids are 
here described, but only six are indicated by 
theory. 

Tri-broino-benzene di-sulphonio acid 

C 6 HBr 3 (S0 3 II) 2 . From benzone w-di-sulphonio 
acid by nitration, reduction, bromination to 
C s HBr 3 (NlL)(SO s H) 2 and diazotisation (Iloinzcl- 
uiann, A. 188, 183). -Salt: K 2 A". 

Tetra-bromo-bonzene-sulphonic acid 
C u IiBr 4 S0 3 H5aq [l:2:3:5.6j. 

Formation. — 1. From C.HUr^NII.lSOJI 
fl:3:6:4:6] by diozo- reaction (Beokurts, A. 1H1, 
210; Langftirth, A. 101, 100; Kimth, A. ISO, 
229; Reincke, A. 180, 2*2).—2. From CJI.Br, 
and H 2 S0 4 (Biissmann, A. 101, 223). Noodles. 
Not hygroscopic but v. sol. alcohol and water. 

Reaction. —With cone. 11 Br at 150° gives 
1LS0 4 and (l,2,3,5)-tetra-bronu> benzene [OH'.V !. 

‘Salts.- KA'. S. '63 at 6°. BaA'.. S. '37 
at 12° (L.); '16 at 13° (Ba.).-BaA 7 2 l.Uq. - 
CaA'jSaq. S. (of Ca.V 2 ) '54 at 3°; '66 at. 10° 
(Ba.). — Nil ,.V. — PbA'*.PbO 3aq. 1'bA'., l.Uq. 
S. (of I*bA' v ) '80 at 11° (Bii.).—PbA' 2 4aq. 

Chloride C„IIBr 4 SO ,C1. [06°]. 

Amide C h HBr 4 S0 2 NIL. Minute netdlos. 
Not melted at 300°. 

Tetra-bromo-benzene sulphonio acid 
C H IlBr.(SO g H) [1:2:3:4:5J. [169°]. From 

(l,2,3,5)-tri-bromo-benzene sulphonio acid by 
nitration, reduction, and diazotisation (Lenz, .1. 
181,23). Also in the same way from (1,2,4, 5)- 
tri-bromo-benzene sulphonic acid (Spiegelberg, 
A. 197, 202). Lamina! (containing 2aq). 

Salts.—KA'a.j. S. (of KA') -104 at 11V- 
NH,A'. S. *95 at 11°. - BaA'. aq. S. (of BaA') 
•0*204 at 10'5°.~CaA'..3:uj. S. (of GaA' 2 ) '159 
at ll°.-PbA' 2 3aq. S. (of PbA',) 0181 at ir. 
—AgA'Jaq. S. (of AgA') 146 at 11 .—AgA'aq. 

Chloride C (i IiBr 4 SO_Cl. [120°]. 

Amide C,HBr,SO..Nll_. Turns brown at 210°. 

Penta-bromo-bonzene sulphonio acid 
0,Br 4 S0 3 H. S. '518 at 10°. # From either 
tetra-bromo-amido-hrnzene sulphonio acid by 
Jiazo- reaction (Ibckurls, zl.*181, 226; Hein* 
zelmann a. Spiegelberg, A . 197, 306; Lanjffunh, 
A. 191, 205). Needles or plates (containing raqt. 

Salts.—NH.A'. - KA'aq. S. (of KA') 116 at 
10'5°.—CaA'.,4aq. S. (of CaA,) -78 at 14°. ~ 
BaA' : aq. S. (of BaA' 2 ) *0088 at 13°.— BaA' 3 1 iaq. 
AgA'l^aq. 

Chloride C,Br v SOXl. [15V]. 

Amide C„Br s SO NH . Decomposes at 250°. 

BBOMO- BENZIDINE r. Bhoh-.-pi-amido- 

BDIUTk 


o.BBOXO-BXNZOIO ACID (LBfitO. U 
OjH^Br.OOjH [1:8> Mol. w. 801. tM*)> 

(z7; J. a. W.); [150°] (R.). 1 

Formation.—1 From o-amido-benzoio acid 
(Richter, B. 4,465).-2. By heating 0,ILBr(NO.) 
[1:3] with KCy at 180 3 (ll.).~3. By oxidation 
of o-bromo-tolueno (Zincke, B. 7,1502; Bahlis, 
A. 198, 99), o-bromo-iliphenyl (Schultz, A. 207 t 
353), or o-bromo-benzyl alcohol (Jackson a. 
Wflite, Am. 2, 316). 

Properties. —Long needles (from water); m. 
sol. wator, v. sol. alcohol, and ether; slightly 
volatile with steam. 

Salts. -- BaA',.—BaA' 2 2HyEt.-CaA'..3aq. 
—KA'2aq. — ZnA'.. — PbA'„HOKt. — CluA'.aq. 
[257°].—HOCuA'. 

Methyl ether Me A'. (247°). 

Ethyl ether EtA'. (255°). 

Anilide C t H 4 Br.CON T PhII. [142°]. 

m-Bromo-benzoic acid C fl Il.BrCO.,H [1:31. 
[155°). (290°). 

Formation. — 1. From AgOBz and Br 
(lYligot, A. 28, 216; Angerstein, A. 158,2).— 
2. From benzoic acid and Br in the sunshine 
(Herzog, A'. Br. Arch. 23, 16) or by heating 
them with water at 100° or 160° (Reinecko, Z. 

1865, 116; l.si»9, 100; Hiilmcr, A. 113, 233; 
149,131). 3. By heating benzarnido with Br 
and water (lieimcke, Z. 1866, 367; Friedburg, 

A. 158, 26). 4. From w-amido-benzoie ncid by 
di.i/.o- reaction ((Jriess, A. 117, 25 ; Hiilmcr, A. 
222, 100). 5. From C„H 4 Br(NO,) [1:4J, KCy, 
and alcohol at 200 > (Richter, B. 4, 464).— 

6. By oxidation of w»-bromo-tolueno (Wro* 
hlewskv, Z. [2j 5, 332 ; A. 169,150) or wt-bromo- 
benzyl alcohol (Jackson, Am. 1, 93). 7. By 

the action of a hot solution of cuprous cyanide 
in potassium cyanide upon m- hromo-diazo- 
benzeno - chloride (from m-brommiiline), and 
saponification of the crudo nitrile (Sandincyct, 

B. 19, 1496). H. From m-di-bromo benzeno, 
C1C(H^, tti? I Na (Wurster, A. 176, 119). 

Pioi i' 1 'tics. —Cry-talline; very slightly vola¬ 
tile with steam ; si. sol. water, v. sol. alcohol. 

Reactions. 1. Potash-fusion gives in- and 
a little o- oxy-benzoic acid (Richter, Z. 38G9, 
157 ; Barth, A. 159, 236).—2. The K salt fused 
with sodium formate gives isophlhalio acid 
(V. Meyer n. Ador, A. 159, 15). 

Salts. — CaA'„ 3aq.—BaA'., Inq: needles. 

Methyl ether Me.V. [3*2' J j. 

Ethyl ether, EtA'. (259°). 

Phcnifl ether Ph.V. 165°). 

Chloride C„lI,Br.COCI. (239°). 

Amide CJI.Br.CONH... [150°]. 

Nitrile C,H.BiCN, HMTJ. (225 fl ). From 
the amide (Kngier, Id 1, 768). Formed also by 
the action of a hot solution of potassium cu¬ 
prous cyanido upon m - bromo - diazo - benzene 
chloride (from m-bron .uiline) (Sandmeyer, 13. 
18, 1196). » 

p- Bromo-benzoic arid CJt ( Br.CO v II [1:4], 
[251‘). Formation. — 1. By oxidation of p- 
bromo toluene (Ilubner, A. 143, 247; Jackson a, 
Kolfe, Am. 9, 84), />-bromo ethyl-benzene (Fit- 
tig a. Konig, A. 114, 283), or p bromo-benzyl 
bromide (Jackson, Am. 1,93).- 2. From n-bromo- 
aniline vid p-broino-lbio carbimidc, the latter 
when heated with copper at 190° giving p. 
bromo-benzonitrile (Woith a. Landolt, B. 8,715), 

Properties .-Small needles (from ether) of 
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BEOMO BENZOIO ACID. 


pl&tea (from water). V. it *oI. water, v. sol. | 
alcohol and ether.— AgA'. ' jrf<0 

Ethyl ether EtA' (236° uncor.) at713 mm. 
Formed, together with p-bromo-benzyl-alcohol, 
by boiling p-bromo-benzyl bromide with alco¬ 
holic KOH (Ribs, /. pr- W 341). 

Phenyl ether Ph.V. [117°]. Scales. 

Pyroyallyl ether C a H,A' r [140°J. 

Chloride . [30°]. (2-16°). Noodles. « 

Amide C„H,Br.CONH. (.186°]. 

Anilide C„H t Br.CONPhII. [107 1 ]. Plates. 
On nitration it gives a dinitro-derivative. [214°J. 
(Huvoill, A. 22*, 178). 

Anhydride (G ti I[,BrCO)/). [213°J. From 
p-bromo-benzoyl chloride and sodium p-bromo- 
bnnzoate (J. a. R.). Minuto oblong rectangular 
plates (from CMCt,). Insol. water. Converted 
by liot IIOKt into the ethyl ether. 

Di-bromo-benzoic acid C # H. l BrXO^n [1:2:3j 
[147°]. From (o)-bromo-ftmido-bonzoie acid 
[1:2:31 by diazo- reaction (iliibner, A. 222, 105). 
From (1, 2, 3)-di-bromo-toluene (Nevile a. Win- 
thcr, 1). 13, IMJ5). Silky needles (from water). 
V. sol. hot water. Heated with ILSO, (3 vols.) 
and II/) (1 vol.) at 225° it gives odi-bromo- 
benzene [218-5 0 }. 

Salts. HaA'o41aq. S. (of Bu.V..) 411 at 
1C”. - SrA'/laq. A'CuOll.— KA'.raq. 

This arid is perhaps identical with the di- 
bromo-benzoic acid [148°] prepared from o-nitro- 
bnnzoio acid, Ur, and water at 200° (Claus a. 
Lade, II 14, 1170). 

Di-bromo-benzoic acid CJI/lr.CO.ll [l:i:3\ 
[153° |. From (0)-brorao-amido-brnzoic n«:i*l 
j 1:4:3] by passing nitrous acid gai into a mix¬ 
ture of tho acid, 11 Hr, glacial acidic acid and 
alcohol (Hiibner, A. 222, 108). From nilro-p- 
di-bromo-benzeno und alcoholic KC.y (Richter, 
B. 7, 1140). From (1, 4, 3)-di-bromo-toluene 
by oxidation (Nnvilo a. Winther, li. 13, 1)03). 
Fong silky needles (from water). Volatile with 
steam. Heated with 1I..SO, (3 vols.) a* si water 
(l vol.) at 225'' gives p-di-bromo-bonzene |si» ‘i. 

Sal ts. — lbi\' a ltaij. — SrA'claq. — ZtiA' 3 . 
CaA'./dJaq. KA'uij. 

This acid is probably identical with the di 
bromo benzoic acid ||53‘ , | from o-nitro benzoic 


Salts.—BaA',, 4aq. -CaA'* 5aq—CdA' a 4« 

—CaA',8aq.—NaA'aq.-CdA', 4aq. 

Di-bromo-benzoic acid C t afir 3 CO.fl [1:8:* 
[223°-227°]. Formed by heating benzoic aoi 
with Br and water at 220° (Angorstein, A 
158,10). Needles.—BaA' a 2aq. 

Di-bromo-benzoic acid C 6 H .Br.CO^H [1:2:4' 
[229°-230>i (B.); [233°] (N. a. W.). 

Formation. - 1. C a H,Iir(NII,)CO,H [4:3:1] i 
treated with ether and N/) 3 and the diazo- deri 
vativo treated with IIBr (Burghard a. Beutnagel 
' A. 222,181). 2. By oxidising tho corresponding 
; di-bromo-lohiene from brominatod 2 ) -toluidin« 

| (Nevile a. Winther, C. J. 37,439). —3. A product 
j of the action of Br on p-nitro-benzoic, or (1,2, 4)- 
di-nitro-benzoic, acid (Halborstadt, B. 14, 908, 
2215). 

Properties. —Colourless needles (from water), 
tables (from alcohol). 

S a 11 s.—BaA' 2 4aq.—SrA'j 4aq.—HOCuA'.— 
AgA'.—-KA'arnq. 

Ethyl ether EtA'. [38°]. 

Amide C (i IIjBrXONII.. [151°-152 0 ]. 

Tri-bromo-benzoic " acid CJl,Br 3 (C0 3 H), 
[235°]. From m-bromo-benzoio acid and Br 
(Ueinecke, Z. [2J 5,110). Tufts of slender silky 
needles; v. si. sol. water. -NH,A'.—CaA' 2 6aq. 

Tri-bromo-benzoic acid C„I1 .Br/JO.H. 
i [1:3:5:6J. [187°]. Fromtri-brominatedw-amido- 
lienzoic acid (Vollbrocht, B. 10, 1708). Needles. 
> —BaA' 4 5(aq. 

Tri-bromo-benzoic acid C/LBr/lCLH. [195°J. 
From (1, 2, 4)-di-bromo-benzoic acid [229°) by 
, nitration, reduction, and diazolisation (Smith, B. 
i 10,1700). Needles (from alcohol).— Ba\' 2 5aq. 

! Tri-bromo-benzoic acid C„l LBr a .CO..H. [178°]. 
l From (1,4,5)-bromo-anhdu-benzoic acid (Lawrio, 
| B. 10, 1705). Needles.-BaA'., 3aq. 

Penta bromo-benzoic acid cVBr.CO.il. [235®]. 
lYmn tri-bromo-benzoic acid and Br at 200® 
(Ihj'.necke, Z. [2] 5, 110). Thin plates or flat 
needles (from alcohol); thick needles (from benz- 
cue); v. si. sol. wafer.—NlI,A'.-~CaA' 2 flaq. 

Nit rile C 0 Br ( CN. [above 300®]. Obtained 
hv brominating benzonitrilo (Merz a. Wcith, B, 
li), 2S02). 

o BROHO-BENZOIG ALDEHYDE 


aeid, Br, and water at 200’ (Claus a. Lade, B. 
14, 1170). 

Di-bronio benzoic acid C..H J Br.CO/I [1:3:2]?. 
[150'-107 'J. By oxidising di-bromo-toliieno 
from di-bromo-m-toluidiiuv [3-V’J (Nevile a. 
Winther, C ../. 37, 4tl). 

Di-bromo-benzoic acid C n H,,Br_.CO./I [1:3:4]. 
[lt»9 Bv oxidising di-bromo-tohirno from di- 
bromo-m-toluidino |Vfl 0 ] (Nevile a. Winther, 
C../. 37,411). <• 

Di-bromo-benzoic acid C II,Br..CO.H [1:3:5] 
[207'' 210 ‘j (N. a. W.); [209°; (It)'; [21-i 'J (U.). 

Format ton. - 1. Bv oxidation of di bromo- 
toluene t 39’’ from d^bromo-p-toluidino [73°J 
(Nevile a. Winther, <•. J. 37, 437).—2. From 
wi-di-bromo-benzone by nitration and treatment 
with alcoholic KCy at 250° (V. v. Richter, B . 8, 
1428).—3. From di-brominated p-amido-bonzoio 
acid (Boilstein a. Geitnor, A. 139, 4).—4. From 
C H UjBr(NlI.)CO a H, aqueous HBr (S.G. 148), 
glacial acetic acid and N.,0, at 15° (Hesemann 
a. Kohler, .4. 222, 171). 

Ffiyperties .—Plates (from oloohol) Needles 
(from other solvents). 


CJljIh'.ClIO [1:2]. A heavy oil; formed by 
boiling o-bromo-benzyl bromide with aqueous 
lead nitrato (Jackson a. White, Am. 3,33; P. Am, 
A. 15, 209). 

vj-Bromo-benzoic aldehyde C„II,Br.CHO[l:3]. 
Oil (J. a. W.). 

p-Bromo-benzoic aldehyde C/I,Br.CHO [1:4], 
[57 ] (Jackson a. White, B. 11, 57). 

BROMO-BENZOIC SULPHINIDE v. Bromo. 

SULPirO-HF.N’ZOIO ACIP. 

BROMO -BENZOrHENONE C H II B BrO i.e. 
C u ll J .(’O.C t H 1 Br. [Sl o^J. 'From benzoic acid, 
Itbromo-benzene c.nd P a 0 4 at 190 ’ (Kollarits a. 
! Merzt B. 0, 547). 

B ROMO-BENZOYL CHLORIDE v. Chloride of 

\ Bromo.dkszohj acid. 

1 BROMO-DI-BENZYL t'. Brouo-di-puenyl- 

I ETHANE. 

0 -BROMO-BENZYL ALCOHOL C,H BrO i.a. 

C ri H,Br.CH,.OH. [80°]. Prepared by digesting 
! o-bromo-benzyl acetato with aqueous ammonij 
at 100°. Crystallises in white needles. Sol 
, hot water,ligroin,alcohol,ether, benzol, andCSL- 



BRCMO-BOTAIfE, 




Tcdatik with fteam (Jackson ft. White, Am. 9, 
816; R 18,1218). 

m-Bromo-beniyl alcohol C.H.Br.CH^OH. 
From m-brorao-benzyl bromide and water at 130° 
(J. a. W.). 

p-Bromo-benzyl alcohol C.H^BrCH Oil. [77°]. 
Prepared by bolliftg p-bromo-benzyl bromide 
with water for 3 days. Long elastic trans¬ 
parent needles. Sol. alcohol, ether, benzene, and 
CS* (Jackson a. Lowery, A m. 3,210; B. 10,1200). 

O-BR0M0-BENZYL-AMINE0 H.Br.CIlNII... 
Prepared by acting on o-bromo-benzyl bromide 
with alcoholic ammonia at 100° for 2 hours 
(Jackson a. White, Am. 2, 318). Colourless oil; 
sol. ether. Salts.—BHC1: [208°]; needles.— 
B'jH^PtCl,.— 13.JLCO,. [95°]. 

p-Bromo - benzyl-amino CJI.Br.CILNII.. 
From j)-bromo-benzyl bromide and cold alco¬ 
holic Nil, (Jackson a. Lowery, Am. 3, 251). Oil; 
volatile with steam.—13'IICI [160 '). B'dl.^PtCl,. 
—B' 2 H,CO, [131°-133°J: small prisms.’ 

Di-o-bromo-di-bcnzyl-amine 
(C d H,Br.CII.);NH. [3(rj. From o-bromo-bonzyl 
bromide and alcoholic Nil, at 10i) J . Trimetric 
crystals; insol. water (.Tarkson a. White, Am. 
2, 318; B. 13,121!)). B HC1: Ltitr’J. - B'..IIPtCI 0 . 

Di-p-bromo-di-benzyl- amine 
(CJI.Br.CIIJ.NII. [50°]. — Ii'IICl [IS3 'j. - 
B'..H.PtCl,(j.*a. W.). 

Tri-o-bromo-tri -benzyl -aminei C, HJir.CI I .),N. 
[122']. From o-bromo-bonzyl bromide and al¬ 
coholic NII 3 at 100° (J. a. W.j. Small prisms. — 
B'gilgPtClg. 

Tri- 2 >bromo-tri-benzyl-amine(C i H,Br.CHJ,N. 
Crystals (from ligroin) [,1)2 ]; (from ether) [78 j. 
Slender needles ; the hydrochloride could not 
be obtained.— B'llBr. [270 J ]; insol. water.— 
B'glLPtCl,, (Jnek.--.on ft. Lowerv, 24m. 3, 252). 

o-BROMO-BENZYL BROMIDE 
C»H 4 Br.CII,Ur [1:2]. |30’j. (250 , -2(i()'). Di - 
bromo-tolucne. Prepared by brominating o- 
bromo-tolueno (Jackson, Am. 1,1)3; 2,315; )i. 
13,1218). Very pungent; volatile with steam. 
Converted in etlyreal solution by Na into an¬ 
thracene, phenaiithrene, s-di-phonyl-etliano, and 
other products. 

wi-Bromo-benzyl bromide C*H 4 Br.CII.Br[l:3]. 
[41°]. From m-bromo-toluene and Br (Jackson, 
Am, 1, 93; B. 9,1)32). Pungent plates; slightly 
volatile with steam ; very volatile with ethcr- 
vapour. 

p-Bromo-benzyl bromide C u H,Br.Clf.Br [1:4]. 
[62®]. Formed by brorainating p-bromo-tohieno 
or benzyl bromide (Jackson, A m. 1,93; Schramm, 

B. 17, 2922; 18,350). Needles (from alcohol); 
volatile with steam; very pungent. Alcoholic 
KOH forms p-bromo-benzyl alcohol and p- 
bromo-benzoic ether (Elbs,./. pr. {2] 34, 340). 

BR0M0-BENZYL CYANIDE i\ Nitrile of 
BnOMO-I’HEN’TL-ACF.TrO ACID. • j 

BR0M0-BENZYLIDENE-PHTHALIMIDIHE : 

C, s H lB ONBr. Phthalimulyl-bromo-buizyl. [210°]. 
Glistening needles. Formed by the action of 
bromine upon deoxvbenzoin-carboxvhtmide 1 
C„H < (CO.NH. i ) CO.Cir.cX dissolved in chloro- ; 
form (Gabriel, B. 18, 2435). 

TETBA-BBOMO-BENZYLIDENE-DI-TOLYI,- 1 
DIAMISE (PhCH) ! (NC„II J Br I Me) 1 . [lGO’-lCS 3 ]. 
From benzylidene-di-ptolyl-diamine and Br 
(Mausra, 0. 10, 370). , 


| p-BBOMO-BENZ YL MERCAPTAN 

I OjH^Br. CHiJH. [23°] ? From p-bromo-bcnzyl 
| bromide and ftlooholio KHS (Jackson a. Hart*- 
■ horn, Am. 5, 2*38). Crystalline mass; iaaoL 
witter and glacial IIOAo ; sol. alcohol, ether, and 
benzene. -Hg(SC.H„Br) a : sol. hot alcohol. 

• DI BR0M0.BENZYL-PHENOL C ; Jl B Br t .OH. 
’ [175°]. From benzyl-phenol in CS.. and Br 

(Paterno a. Fileti, G. 3, 251). Amorphous. 

BR0M0-o?-BENZYL-PHEN0L SULPHONIC 
ACIDC.iJ..U,Ii..(01i)HrS0 1 li. SaU. KA'.From 
13r and O.H ; .C tl H 3 (OH)SO ! ,K(Ronnio. C.J. 19,409). 

Bromo-p-benzyl-phenol sulphonic acid 
C,II,.C,,II..(0H)Br.S0 3 ll [l:4:x:2]. 

Salt.—-KA' (Rennie, C .«/. 41, 35). 
p-BROMO-BENZYL SULPHIDE 
(C w II,BrClL)..S. [59''J. Prepared by boiling 
p-bromo benzyl bromide with alcoholic Na,8. 
Large thin plates. Aromatic odour. Insol. 
water. Sol. other, benzene, and CS.. (Jackson 
a. Hartshorn, Am. 5, 21)7). 

p-Bromo-benzyl disulphido (CJ^BrCHj)^ 
[88 ]. Prepared by exposing the mercaptan to 
; air, and also by acting on p- bromo - benzyl 

• bromide with alcoholic Na_.S. Needles. Into!, 
j water; sol. ether, benzene, and CS.. (Jackson a. 

Hartshorn, Am. 5, 20'.)). 

| p-BROMO-BENZYL 8ULPH0CYANIDE 
' C u li,Br.SCN. [25°]. From p-bromo-benzyl 
bromide and potassium sulphnoyanidc. Tho 
. o-isomerido is an oil (Jackson a. Lowery, B. 10, 

I 1209 ; Am. 3, 250). 

! DI-p BR0M0 DI-BENZYL SULPH0NE 

(CJI.Br.CIL^SOjj. 1189'J. From tho sulpbido 
j and CiO, in HOAc. Needles (Jackson a. Jlarts- 
! horn, Am. 5, 20!)). 

BROMO-BENZYL SULPHONIC ACID v. 

Buomo-tolui:nk hulhionic acii>. 

DI-BROMO-BETORCINC u Br i Me i (OH),[15r)° J 
From telra-bre mo betorein and HI. Also by 
boiling a mixture of betorein (3 pts.), bromine 
(8 pis.) aiit Ch a (100 vols.). The product, is re- 
crystallised irom light petroleum (Stcnhouac a. 
Groves, G. J. 37, -Ml). Long needles. 

Tetra-bromo-betorcin C, i Br. 3 Mo.,(()Br). ! . [101 ,J J. 

| From bromine (5 pts.), water (ioi) vuls.) and 
' betorein (1 pt.). Dissolved in water (50 pts.). 
Crystallised from light petroleum (S. a. G.). 

Largo colourless prisms. V. sol. other, benz¬ 
ene and CS a , less so in petroleum. 

BROMO‘-BRASILIN C„H i:t Br0 4 . Obtained 
by bromimVin^ acol}’-brasilin and saponifying 
the product. Glistening red plates. V. sol. 
water. Dissolves in KOH with a red colour. 

Tetra-acctyl derivative 
C, II„Br(OAe),0. [201 ,J j (Bjchka a. Erck, B. 
17i 085 ; 18, 11 JO). * 

Tri-bromo-brasilin CjJ^Br/),. 
Tt'tra-acrtyl derivative 
C IB ll ( .Br s (OAc),G. [147®]. ,Small white needles; 
very oxidisable (B. a. E.). * 

Telra-bromo.bra8ilin C lh H lcl Br 4 0.,. Slender 
red needles. Dissolvr s in alkalis with a violet 
colour. Obtained by brominntion of brasilin. 

Tetra-acetyl derivative 
C lfl HJlr,(OAc) ,0. [222'] (B. a. F..). 
BR0M0-BUTANE v. Butyl buomidk. 
».a-Di-bromo-butane C 4 H,Brj i.e. 
CHBr.CHBr.Cli.CH,. Butylcncbrmnidc. (166°). 
S.G. 1-820. Formed by the action of Br on n« 
butylene or n butyl bromide (Wurtz, A. 152, 23, 



too 


UosrauuiD, 4. 161, IM; Grabewzky a. Sayfaeff 

4 ' W N * i * mt CaiCH.OH.CH,. 

afl-Di. bromo-butane CH. CHBr.OHBr CT7 
m RG =1-82. Fro,„OH..OH:OTCH;anJ 
irno 9° nvcrte 'l by PhO and excess of water at 

l-tr kGtone (Wurt», A. 144, 

”•»>; EltekofT, J. R. Ji), 210). 

Di-bromo-ijobutauo (CUJ.CDr.CH.Br. Iso. 

ovlt/lenc bromul .\ (140°). SO 14 ig. m 

B «•*»?• M.M. 11-890 at l’i-7 5 
(iHkin). brom isobutylene and Br (Liimc- 

wator' at rno 1>y hcatin 8 wilh cxce5s of 
TH I ?* , lt onriverted into isobutyrio 

fthni" 0 '- 1 T ’°< 18 als " Pfoscnt soma di-oxy. 

isobutano is also formed (lelt.-kofr, J. n. m o| () 

Di - bromo . butane C.H.Br... (lS.r-iikV 
1 orined by bromiiiating butane (Carina, A. 12«; 

(173°-183°) at 235 mm. 

“ !' mr “ ,so bulyIene and lir (Norton 

a. Williams, Am. 8, sn) 

rr f n ri ;^m! 0but “"° 0 . ir . r! >-, 

From (Cigx^CHMr and BrHLa W ) 5 mra ’ 

Xri. bromo . butane C.ItJir.. ( 2 o. 3 ‘ 215=1 
127, n «:ij rom °'' Ut>,|Un0 (Caventou.'J.' 

Totra-hromo butane 

C 1 IJ 0 lir 4 7.(;.Cll Hr.Cilljr.cJIMr Oir Hr r>, r 
or pyrroli/lnu'. ti tra-bromide. [ 110 °] Formed 
by combination of bromine with th« u‘ d 
rom di-, r tl,y|. 1) yrmlidrr t m °m ;;;r 

petrol,",m other (Ciamieiau a. Mt^i! ft ^‘1 

(Ciiiinutun h. li ]<) v i 

rnpiiiiy pnivmerrr Ti , ,"TuI:; ,, .;!-’ r =’ ' vh ;r 1 ' 

W "tm : ‘ !,:7 kJ »'"! Cj'fjii, 17o’'j 

'£S ! m ' A - 127 - ")• Crystalline'; 

Tetra-bromo.butane Cfr..CH CI)r run,. I 

non butineno prepared tS^SSS^nSlP 
l.etom, by Puccessive treatment with PCI 

^f?10,. KOH - 

Tetra.bromo-iiobutaue C,H Br ro/yro. 

wSBams; l Z m S;t7) UtylUn ° (13 ^ < Norl °“ a -' 

. H«xa.bromo.butane c.H.Br . ri 0 fl=! nh 
The viebl b i r °nn nat,nB » iS 'J , "‘ t71 ^ romi<J e at 170°. 
Weltll i! ZZ'o 0 ,: «* “>• (Mm a. 




_ Qjg .P r. jj- : 

sssu^ssr- 

Hexa-bromo-butane C ( H,Br,. (170 % a i 

?/• , I,om ; cd V 1 fima11 quantity as above (6 
Icarly scolo8,sl. 8°l. other and alcohol. Fumiii 
IINO, forms an oil C,fJ,(NO,)Br (NO 1 qn,S 

DI-BKOMO-BUTYlWoHOLCH H r V ? 
ClI I .CHBr.CHBr.CILOH Oil Fmrn t? 1 w 

8nd Br «ebe‘n 

butane. ' 8, ‘ B °' llng Wato ,0 ™ a tri-ozy 

wa-DI-BROMO u-BUTYL-BENZENE 

c io”i a Pr 2 i.t. CjHj.CIL.CHo.CIIBr.CH Br Vmm 
phonyhbutylene and Br (Aronheim, A .171 ^29) 
Oil. Reactions.— 1. Bed-hot sn,ln v™L 
naphthalene.—2. UNO. forms a littl^'\ forma 
phenyl.propionic acid. * Utfl# brom °- 

„ . f> Di-bromo-n-butyl-benzeue 
| C *l I „V.ml CrCHISr - C f f J*CII s - m From 


LCH...r,H r’tr /o\ ^ .... 


77-Di-t. w «a W -,j. uut y 4 oena 

f \ a tlS *^^ VntMoZ (Schramm; 

Di-bromo-u-butyl-beuzene C,.H,J5r (70=1 
From n-butyl-bonzono and Br fi”rst in sun Lh ’ 
then heated in the dark (Kadziszewski, 

r , I aB 3: bromo - i8<, butyl-bonzena 

and Br (Pertty a’j. 8) P hen y>-ieobutylene 

Tri-bromo-isobutyl benzene C, H Br rfi4°i 
... ®BOM°.BBTYLENE C, II Brie 

1(0= forms (CII ) c-d l OFt li‘"'‘f V ° H 

i^idiicoSZlXfSZjT 1 !^ 

IV.\ jar.). iV ’ A ‘ 16 ’ J00; 1 agenstccher, A. 
Bromo-butyloneC.II.Br. k 

»® , .f! 5 lsr fcW "" 

2.!., rmn. (Norton a. Williams, .4,!,. g 8 y, > ®‘ 
Bi-bromo,.butylene (;.H Br,. (Uotlkn^ 

1 rom tn-bromo-butano 9 i -,o\ tv * 

scs; 

T.-bromo-butylene C,II lir,. i’rom tetra 

STkoh" 10 ® (, T er >: tb «‘ a ) it 

nono noil Rapidly polymerises. Combine* 
da! 31) W ' lh br0m,ne (° rima “* »• Cloez, S^[ 3 ] 

Di. bromo - butylene O.HBr. is 
CH,;CH.CIIBr.CHJ}r. (l'JO°"-200°)! From lb. 
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Oils deposited by oompreued gas, b; 
low than the calculated quantity of 
fractionally distilling. Combines readily with 
Br, forming C 4 H,Br 4 [119°] (G.a. 0.). 

Hexabromobutylene C t BrJL. [53°]. Pre- 
narod by further bromination of hexabrom- 
isobntane (Merz a. Weith, B. It, 2210). 

a-BROMO-n-BUTYRIC ACID C,H.BrO. »'.<?. 
CH,.CH...CHBr.COH. (214 3 -217®1. (110*) at 
8 mm. S.(h I* i* 5 i. S. 7. 

Formation. —1. By heating butyric acid with 
Br at 140°; or by the action of Br on silvi v 
butyrate (Fricdel a. Machuca, A. 120, 270 ; 
Suppl. 2, 70; (Jorup-Besanez a. Kliuksieek, 

118, 218; Naumann, A. 110, 115; Lev, J. 11. 
9, 129; Uroeh, A. 105, 0.1; Tupoleff, \l. 171, 
219). — 2. Pmm crotonic acid and H Hr.— 
8 . From the bromide and water (Kaschirdd, 
C. C. 1881, 278). 

Properties. —Oil; mixes with alcohol and 
ether. NKt,, whether dry nr in aqueous solu¬ 
tion, fori in « oxy-butyrie acid (Duvillier, BL |2] 
48, 3). NaOHA.j acts similarly. 

8 aits.-lM>A'...~ Pb;V.21‘ltO. • Av A' . 


Methyl ether Me.\\ (165L172 ). j 

Ethyl ether El A'. (178 1 ) (I.ivt'n, J. pr. ! 
[2j 33, 102). S.G. 1 315. Dry XaOKt forms : 
sn ether CJI (ll O ( (OEl). (252’) (KrestownikolT, 1 

A. 208,3 is). * ‘ | 

Bromide C,n„BrO.Hr. (173°). From \ 

butyryl bromide and JJr. i 

0 -Bromo-butyric acid Cir,.CHUr.CIT_.CO..H. | 
Formed in small quantity in tin* preparation of j 
the a- acid from crotonic acid and HBr (Homi- | 
linn, A. 171, 325). 

7 -Bromo-butyrio acid CH Br.ClL.CII .COJI. 
[33°]. From butyrodactnuc and HBr (Henry, 
C. II. 102, 36*). Tables or plates; si. sol. 
water, v. sol ether. 

Me thylet h c r Me A'. (187°). B.G. Ml5. 
Ethyl ether YAW (197°). S.G. & 1*36. 
a - Bromo - isobutyrio acid (CHJ^CBr.CO JI. 
[48°]. (199°). S.G.1*52. From isobutyrio : 
acid and Br (Markownikoff, A. 153,229; llell 
a. Waldauer, B. 10, 418). Tables. Boiling 
water converts it into a-oxy-isobutyrio tu-id, 
KHS acts similarly (Lovcii, J. pr. 2 : 33, 105); : 
boiling baryta-water forms also 01L:CMe.CO a H 
(Engelhorn, A. 200, 08). j 

Ethyl ether Ft A'. (104° cor.). f:\G.-M3. j 
Oil; smelling of raspberries and peppermint 
(Markownikutf, A. 182, 330; Hell a. Wittokiml, 

B. 7, 320; Loven, J. pr. BJ} 33, 100). 

Bromide (CIIJ.CBr.COBr. (103°). 
fl-Bromo-iaobutyric acid CH s Br.ClIMe.C0 2 II. 

[22°]. From a-inethyl-acrylic acid and cold 
oono. Hflr. Crystals (from CSJ. Boiling 
alkalis convert it into a- methyl-acrylic acid 
and a little propylene (Fittig a.JSngelhorn, A. 
200,65). § 

aa-Di-bromo-butyrio acid 
CH,.CH,.CBr : CO,II. (140 ) at 3 mm. ' 8 . 3. 
S.G. 1*96. From bromo-butyric acid and bro¬ 
mine (Schneider, J. 1801, 458; Michael a. 
Norton, Am. 2, 15; Otto a. Frommc, A. 239, 
278). Thick oil. Water or baryta-water at 
120® forms o-brorao-crotonio acid (Erl< mneyer 
a. Mttller, B. 15, 49). Converted by reduced 
•liver into di-cthyl-maleio or xcronio acid 
COJH.CEtrCEt.CO^H, butyric acid being formed. 

W i. 


aA-Dl-bromo.butyric add 

CH I .CHBr.CHBr.CO t a [87°]. 

Preparation." From Br and crotonic or Jsfr 
| crotonic acid dissolved in CS 2 (Kdrner, A . I8f, 

, 2^4 ; Michael a. Norton, Am. 2,12; B. 14,1202; 
C. Kolbe, J. pr. 133, 386). 
j Prowrties. Largo transparent prisms (from 
| CS : ); sol. alcohol, other, and hot water. 

I Reactions. 1 . Boiled with tenter or Na.CO t 
it gives £-bromo-propylene, bromo-oxy-butyrio 
acid, di-oxv-butyrio acid, and bromo-ciotonio 
ai id. \Yat« v gives chiefly bromo-oxy- butyric 
acid; Na.CO* gives more bromo propylene, but 
no propionic aldehyde. 2. W-rmed with a 
solution of NaOH it gives hromu-crotonic acid. 

1 Di-brorao-iso-butyric acid 
CILBr.CBrMo.OO.H. f48°J. 

Preparatnm .—By adding Br to mothaerylie 
acid dissolved in CS 2 (C. Kolbe, ,T. pr. [2] 25, 
373). Long prisms (from CS s ). Boiling with 
tenter or Na v .CO, produces CO., acetone, soma 
propionic aldehyde, a very little bromo-moth- 
acrylic acid .63®hand hromo-oxy-iso-hutyric. acid 
('/.t>.). Warmed with solution of NaOII it givoa 
bromo-metlnurylic acid and HBr. 

Tri-bromo-butyric acid C,H,Br,O i i.e. 
CIlj.CBr.CHBr.OOJI ? fll4°|. From 0-bromo* 
crotonic acid in CS 2 and Br (Michael n. Norton, 
Am. 2, 14). Hhomhio plates; sol. alcohol and 
hot water; sublimes readily. 

Tri-bromo-butyric acid C.H.BrjO., i.e. 
CH.,.CHNr.CBr..CO.lI? [111°). From a bromo- 
crotonic acid and Br. V. sol. water and alcohol 
(M. a. N.). 

Tri-bromo-isobutyric acid C,1 T ,Br x 0 2 . From 
liromo o-inethyl-acrylic acid and Br ((labours, A. 
Snppl. 2, 319). Prisms. 

Tetra-bromo-butyric acid C 4 H,Br 4 0 2 . [116°1. 
From mucobromic acid and Br (Limpricht, A . 
165, 293). Monoolinio tables; si. sol. water. 

Tetra-bromo-isobutyric acid C 4 H 4 Br 4 0« 
From ill broivo-o-mcthyl-acrylic acid ami Br(C.). 

BROKO-ISO-BUTYRIC pnm-ALDEHYDE 
((CH 4 ),CBr.CH«» n . [129°]. When the product 
of the action of Nil, on iso-butyric aldehyde 
( 7 . f.) is distilled a product C b H,,N is got. This 
must ho combined with bromine, and the com¬ 
pound, (CII,),CH.CIl:N.CHBr.CBr(CH,) z , after 
keeping for 3 months, is decomposed by water 
(Lipp, A. 211, 353). Needles (from aloohol). 
insoi. water, acids or alkalis, v. sol. ether, in* 
sol. alcohol. Docs not reduce aimnoniacal AgNO,. 

BB0M0 SatECHOLv.IIh' •MO-PYBOCATKOJIIN. 

BROMO-CAFFEiNE C s H u BrN 4 O r [206°]. 
Caffeino combines with Br forming the orange- 
red bromide f)Jf l 9 N 4 O a Br 3 , Which is decomposed 
at 150® into HBr and bromo euilcmo (Fischer, 
B. 11,639; Nchultzen, Z. 1867, 614 ; Maly a. 
An licasch, M. 3,85). Cry ♦als, si. sol. cold water, 
v. sol. NHjAq. iteducp-d b* zinc-dust tocaflfei'n*. 
Alcoholic KOH forms ethtv.y-cafTeine. 

BR0M0-CAMPH0R v. Camphob. 

BR0M0-CAMFH0RI0 ACID v. Cakphobm 

ACI1>. 

BR0U0-CAFRIC ACID v. Bbouo-decoio acid. 

BR0M0-CAPR0IC ACID v. Biioko-iikxozu 

ACID. 

BROMO-CARBANILIO ACID v. Phixti^ca*. 

BAMIC ACID. 
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BHOMO-CABBAZOLE C,*ABrN. [199°]. 
From it« ncotyl derivative and alooholio EOH. 
Rhombic plates, v. sol. water. 

Acetyl derivative C„H,AcBrN. [128°]. 
From acctyl-cnrlinzolo and Br. Laminra, v. aof 
alcohol and boiling toluene (Ciamician a. Sillier, 
0. 12, 27(1). 

TBI-BROMO-CAEBOPYBROIIC ACID v. Tin- 

aitoMo-T'Yiuioij-CAnnoxYi.ir Arm. 

7 -BROMO CARBOSTYRIL C„II f N011r i s. 
,C(IJr):CII 

C,II.< I . il'y. 1, 'A)-fltomo-oxii- 
\N: C(OH) 

quinoline. [‘ili^jT’v.I’ormcd by boiling o-amidu- 
plumyl.propiolio acid with dilute llBr (Bueyer a. 
Bloom, II. 1.7, 2119). l’roimrod by tho action of 
bromine on carboHtyril-other and aaponification 
ot the product by heating with I f (.11 (Fricdliinder 
a. Weinberg, U. 17, 2082). Needles; may ho 
eublimed. Tho Br ia not replaced by boiling 
with alcoholio KOII, but regimes to bo fused 
with KOH at 200 '0. 

BROMO - CARVACROL C„,H„HrO i.e. 
0,H.Mo(Oir)llr(C,II,) [l:2:3orS:l|. From bromn- 
cymidino and UNO., Oil (Maz/.ai-a, Cl. Ill, lilt). 
BEOMO.CHLORAL i\ Di-cuu>I(o.!ii:i>mo-aldi:. 

HTDK. 

BROMOCHLORO- V. ClILOUiMmnMo-. 
BR0M0-CHL0R0F0RM i\ I)icm.ono-imoMo- 

MBTKANK. 

BR0M0-DICHR0MAZIN v. Thi-amido-hie- 
KOI-, p. 172. 

BROMO-CHRYSENE v , Ciiuyhknb. 

BROMO . CHRYSOQUINONE v. Ciihyso - 

QUINONK. 

BROMO-CINCHONINE v. Cinchonine. 
BROMO-CINNAMENE i*. Bhomo-styiikne. 

DI - BROMO - C1NNAMENYL - THIENYL - 
KETONE i>. Tim CNYI-- I)I-imoM<>-HTYUYL KKTONK. 

a-BROMO-CINNAMIC ACID CJI T llr0 2 i.c. 
C.IIvCHiCHr.CO.II 1131°]. 

i’onmition.— 1. Together with <t//c)-c§l)romo- 
cinnamio acid by tho action of alcoholic 
KOIl on the di-bromide of cinnamic, acid 
0,tI v CHBr.C11 iJr.Ct> J1 (Glaser, A. 143, 325).-- 
2. From c.ro tri-hromo tf-phonyl-propionic acid 
and water at 100 ’ (Kinnicutt a. Palmer, A/n. -1, 
20; 5, 380). 

Preparation. -Dibromido of cinnamic acid 
(50 grms.) is dissolved in hot alcohol and mixed 
with tho calculated quantity (2 equivalents) of 
potash dissolved in alcohol. • The lit, nil is neu¬ 
tralised with 1ICI and tho alcohol boiled off. 
Tho solution of tho mixed potassium salts is 
filtered from lnomo styrene [218% Tho two 
ftoids nro separated b* partial precipitation with 
HCl, tho a-acid coming down first (Barisch, 
/ pr, 128, 178). 

Properties. Long needles (from water or 
chloroform). V. e. sol. alcohol. 

Salts.— N1I,A': aftiorosccnt groups of flat 
needles, si. sol. cold water.--AgA': si. sol. water. 
—BaA'„: thin rhombic lamina). S. *12 at 0°. 
Insol. alcohol. 

Reactions.— 1. Solium-amalgam reduces it to 
3-phenyl-propionio acid.—2. Alcoholic KOH 
gives phenyl-propiolic acid.— 8. Br gives a tri- 
bvomo-phenyl-propionic acid [132°].—4. Both a 
indallo-a-bromo-cinuamic acids may bo reduced 
by ainc-dust and glacial acetic acid to cinnamic 
icid, which teems to bt the tame in both cases 


(Michael, /.pr. [21 85, $67)s->5. If not altered 
by dissolving in 1*2804 and pouring into water. 

Methyl ether A'Me: (169°) at 14 mm. 
Formed by distillation of the isomeric methyl 
ether corresponding to tho acid [ 120 °} under 
ordinary atmospheric pressure (A. a. S.). 

Ethyl ether A'Kt: (290°); (202°) at 30 
mm.; (100°) at 10 mm.; (188°) at 30 mm. V.D. 
-8*715 (ohs.) (Michael a. Browne, D. 20, 551). 
Formed by distillation of tho isomeric efchyl- 
etlu r corresponding to the acid [120°] under 
ordinary atmospheric pressure (Anschiitz a. Sel- 
den, B. 20, 1384). Prepared by j)assing HCl 
into a solution of tho acid in alcohol (4 pts.) 
(Barisch, hc.cit.). By cold cone. II^SO* it is 
converted into benzoyl-acetic ether (Michael a. 
Browne, B. 19, 1392). 

Chloride: (158°) at 12 mm.; clear oily 
liquid. Formed by the action of PC1 5 upon salts 
of the acid [131°] or of its isomoride [120°]. 

Amide: [119°]; very thin pearly plates; 
si. sol. hot water. 

Anilide: [80° j; small while needles, which 
change into six-sided pkites (A. a. S.). 

AVo-Bromo-cinnamic acid C.,ll ; lJr() a . [134°]. 
Formed, together with tho isornerido [159°j by 
tho addition of HBr to plmnyl-propiolic acid. 
Long ncedleB (from water). Thick rhombic 
prisms (from chloroform). V. sol. alcohol and 
hot benzene, si. sol. CS 2 , hot petroleum-ether 
and hot water.—A'NH, X : flat needles, sol. hot 
water, si. sol. cold. Adda : glistening rhombic 
plates; S. *770 at 0°, m. sol. hot water. It is 
doubtful whether this acid is a distinct isomc- 
ride or is identical with tho preceding acid; tho 
solubility of the barium salt appears to point 
to the former conclusion (Michael a. Browne, B. 
20, 550). 

.'l/Zo-a-Bromo-cinnamic acid 
C.H^.CHiCBr.COJL [120 J ]. Formed, together 
witl^a-bromo-cinnamie acid (v. Preparation) by 
boiling tho dibromido of cinnamic acid with 
alcoholic KOH (Glaser, A. 113, 330). Six-sided 
lamimu (from water) or thick prisma (from 
ethor). V. sol. boiling water. 

Salt s.—KA': deliquescent noodles.—AgA'. 
Tho ammonium salt is deliquescent and v. 
sol. water (difference from a acid). 

React inns. —1. Jleactioiis 1, 2, and 4 described 
under a-bromo-cinnamic acid are also exhibited 
by the allo-a- acid. Reaction 3 gives, however, 
a different tri-hromo-phenyl-propionic acid 
j45' > 48°J. 2. On dissolving in II.SO4 an ^ 
pouring into water two products are obtained: 
(a) A substance C, ; yellow needles [above 
200°], sol. alkalis, alcohol, ether and benzene. 
(t>) A substance CnH^Br/L; largo pearly plates 
| above 200°], insol. alkalis, boI. phenol, nitro¬ 
benzene and aniline, insol. most other solvents, 
forms a crystalline molecular compound with 
•phenol; on reduction with zinc-dust and acetic 
acid f. gives a substance G„H m Oj whioh forms 
colourless crystals, [127°], sol. alcohol, si. sol. hot 
water (Leuekart, B. 15,16). 

Methyl ether A'Me: (14G‘ ) ) at 11 ram.; 
from A'Ag and Mel; by distillation at ordinary 
pressure it is converted into tho methyl ether 
of the isomeric acid [131°J (Anschutz a Solden, 
Be 20,1383). 

Ethyl ether AT2t: (174°) at 30mm.; (177°) 
at 30 min. ; Y.D. - 8-828 (obs.) (Michael t, 
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Brownefl. 20, ««1). From A'Ag ud Ell. By! BBOKQ. CUBACfflHfl AflIB flHM if 
distillation under ordinary pressure it is con- ! CH 1 .C(0O 1 H):CBr.CO,H(?). * 

I? 40 *}" ethyl ether ot the iaomerio <“‘d 1 Formation.—1. From its anhydride by boil. 

J (Anschflta a. Sclden, B. 20,1384). - ing with water.—2. From ctfra-di-bromonyro- 

_ „ °“°" c ! n ?. !lI, “ 0 ac *d ! tarturio acid, water, and Ag .0 in presenco of a 

0,H,.CTr : CH.C0,H (?) [139°]. Formed, together trace of HC1: CJI.Br.Oj ™ Hlir ■ C.H.HiO.lBour- 
with the acid [134°J, by the action of aqueous goin, C. Ji. 88,342 ; 8!), 418; J. Ch.\u J ID, 285). 
HBr upon phenyl-propiolic acid at 0°. Long • Properties.—X my unstable, giving oil 'water 


flat needles (from water); or rhombic plates • ove» over 1LSO, ami changing to the anhydride, 
(from alcohol). SI. sol. cold alcohol and ben- j Bead ions.—1. Sodium an:.;\;.:m forms pvro. 

zene. By cold cone. KOI I or Nil, it is at onco j tartaric acid. 2. Boiling KOI1 forms a syrupy 
converted into an indifferent insoluble oil. : dibasic acid 0^11,0,. 3. Pwnorution of its soiu- 
Heating with IIBr forms phenyl-acetic aldehyde linn produces bromo-ciiraconic * '.hvdiide and, 
and acetophenone. It combines with Br form- at alow temperaluro, the aciu 13,11 ,<>„ but 
ing a tri-bromo-hydro-cinnamic acid (118 J ]. j at a high temperature 4 hromo chronic itcid' 
Salts.—NH^A'* : long soluble needles.— | r t II,BrO v (II.). -4. Tin*aqueous solution trealod 
BaA',,aq : soluble concentric prisms.--PbA',: ! with the equivalent of aniline gives a cr\stallino 
amorphous pp.--CdA',: concentric needles ! j>p. of tho acid aniline salt. [121 J. Standing 
(Michael a. Browne,11), 1378). j under water for a few hours, or In ating the 

Ethyl ether A'Kt: (151 ) at 15 mm.; j aqueous solution for a minute, converts it into the 


>NTh. [145*]. 


V.D. 81)48 (ubs.) (M. a. B., B. 20, 551). j C(CH 4 )-C0v 

Bromo-cinnamic acid [153°]. This was oh- phenyliinide || j>NPh. [145*]. This 

tained by Erlenmeyc-r a. Stockmeier by the CBr- CO' 

addition of HBr to piienyl-propiolic acid. Aque- forms stellate groups of prismatic needles. SI. 
ous Na.CO, converted it into phenyl-aedylene, sol. hot water; v. sol. hot, alcohol; inol. dilute 
o-bronio-styrouo C 0 11 ,C1 Jr:Cf I., and phenyl pro- iiCl (Michael, Am. 1), 1 H 0 ). An mlcrinodinto 
piolic acid. Successive treatment with cone. . body is the acid Mnili<le(t,lt t Bi(COJ|).C0NI’l»II 
1L80, and water gave benzoyl-acetic acid and [212 J (Michael, B. 11), 1373). 
brotnn acetophenone. Heating with HBr gavo i Salts. ■—(Nil,) A' - . • K A". — CaA"2aq.- 
acetophenone and a little phenyl-aceticahlehyda j CuA" 1 Laq. -BaA" aq. -Ag A". IVeomposod by 
(Erlenmeyer, B. HI, H.I3»»). According to ! water at 130° giving off Ct).„ and nlh h im. 


Michael a. Browne this acid is a mixture of tho 
two acids (151) ’j and [134 1. 

o-Bromo-cinnamic acid [1:2] 

CJfI ( (llr) CILCH.COjjH. Bromo.fi phenyl-artylic \ 


Anhydride 0,11,BrO,. [1(H) J. (220°). 
S.O. 1 1)35 (Kekulc, A. Siip/d. 1, 130; 2, 1)7; 
Lagermark, Z. 1870,21)11; I’iltig a. KriiHcinark, 
A. 20t>, 11); Bourgoin, Bl. [2| 31,252; 32, 388). 


acid. [2131. Formed by diazotising o-umido- ; Formation.-- 1. From eitraconie. anhydride and 
cinnamic acid and boiling tho diazo- compound j Br at l it)' 1 . 2. By distilling f///vt-dihromo-tar- 
with Illir (Gabriel, B. 15, 221) 1). Flat colour- j taric acid.--3. From pyrotartaric acid, Ur, and 
less noodles or scales. Sol. alcohol, ether: water at 120’’. Properties. Lamina 1 (from OH ); 


and acetic acid, si. sol. chloroform, benzene ! 
and CS... 

m-Bromo-cinnamio acid 


si. sol. cold wnlei, v. e. alcohol and other; 
volatile with steam. 

Inti in B i II :i BrO ; NIL [c. lftPl. From 
p.vndart imid- or citraconimidc and Br at 150° 


[1:3] C„lI,(Br).CJI:CILCO.11. (171)]. Form* <1 i pvrotart imid- or citraconimidc and Br at 150° 
like tho preceding from m amido-cinnainic acid (Memlini, (l. 15,182). Laminin; may bo sub- 
(Gabrirl, B. 15, 221 ) 0 ). Long needles. Sol. limed. - C.li.BrO NAg. 
aicoliol, ac.'lin n. i.l, hot bensene, chloroform, Di-bromo-citracomc acid. lmitl*. 
and CS r C.H.Br/LNH. [Ml"). From nyrotartrimido 

ft cid or citraconimidc and Br (M.). Lamina) ; may 

[1:4] CJI,(J3r).G.HXO.,H. (c. S.O'}. Fin# 1, 0 ... C.IUlr.O.NAg. 

needles. X<roiiip-amidu-rinmniiicaei<l((>nbrii.d, ssnMn ranrivr' ' e 


B. 15, 2300). 

Di-bromo-cLnnamic 


C,,ll.nr,0, 


BROMO-CODEfNE r. ConKiNB. 
DI-BBOUp-COLLIDfNE v. DinnoMoTni. 


C fc H 4 .CBr:CBr.COJL Bromine unites with 
phenyl-propiolic acid producing di-bromo-cin¬ 
namic [131)"] and alio di-bromo-e.inriamic acid 
[100°]. The acid [131)°J is not converted into 
an indonaphtheno derivative by cone. H SO,, 

whereas tho acid [lOO 1 } forms 

[123°] (whence hydroxylamine forms an oxim 
[195°], and aniline forms an anilide flTv ’ 1 ) 
(W. Roser, Ji. 20, 1273, 1570). * ' 

a-BROMO-CINNAMIC ALDEHYDE CJLBrO 
i*. CgHj.CILCBr.CHO [73°]. Formed from 
oinnamic-aldehydc-di-bromide by splitting off 
HBr (Zincke a. Hagen, B. 17, 1815). Thick 
tables or large monoclinic prisms. CrO, gives 
bromo-cinnamic acid [131°]. 

Phenyl-hydra aide 

CgHj.CjHBr.OH.-NonC^HjriSO^.gliiteniDgyellow 

plate* 


. mi Tiivn evinnixr. 

j BR0M0- COMPOUNDS. Bromine unites 
| directly with most unsaturut< d compounds, 
but there arc some case s in which it does 
i not combine with them in the cold, e.g. 
I lumaric, mesae-tiiic, tcraconic, terebilenio, 
aconic, o- nn<lcount ’ic, ami (fl)-hydropiperio 
I $eid) (cf. Fitlig, A. 22 r , 211). Aromatic com- 
' pounds combine with .• cal difficulty with bro- 
j mine, but when reduced to their di- or tetm- 
| hydrides they take up bromine as readily as tho 
; ordinary unsaturated compounds. Bromine dia- 
| places hydrogen in saturated compounds, tho 
| displaced hydrogen being given off as HBr; this 
reaction usually requires the aid of heat: the 
substance is generally heated with bromine and 
a little water in a sealed tube. 

Uydroxyl may be displaced by bromine by 
treatment with HBr or FBr,; instead of PBr, 

ool 
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red phosphorus and bromine may be used, one 
of the two being added gradually. 

Chlorine may be displaced by bromine by 
treatment with the bromide of K, Mg, Ca, Sr, 
Ha, Al, Mn, or Co (Kohnlein, A. 225, 194). 
CdBr.,, 8bBr a and AsBr 3 sometimes act similarly; 
thus AsBr, at 115° completely converts cliloro* 
acetic acid and benzyl chloride into bromo- 
acelic acid and benzyl bromido respectively 

Iodine may be displaced by bromine by 
means of the bromide.; of Cu, Ag, Ilg, Hn, Pb, 
As, and 8b. Hilir, at 100° only partially con¬ 
verts Ktl in to E tBr. Bromino itself can dis¬ 
place iodine (It. sltfyer, J.jir. [2] til, 101). 

Amidogen may bo displaced by bromine 
by using tlio diazo- reactions (p. 399). In aro- j 
malic compounds it is sufticicnt to add UNO* to ! 
a hot solution of the amino in HIJr (Losanitsch, 
11. 1H, 39, V. aho Astivrib 

Carriers.—The displacement of hydrogen by , 
I’r is assisted by the pu ..once of carr iers which j 
iirst combine with the bromine, and then puss it 
on to the organic body. The most suitable 
curriers for bromine arc: ioditn; AI .Ih*„ (Gus- , 
tavson, It. 10,071) Un benzene an l homologuea ; 
lunorpboii; P for fallv acids (Hell a. (lauttcr, 
SI. 14, 891), SbBr„ Fe.Br,, Fullr., and, bettor j 
still, 1'eCl. (Solieufeb-n, A. 231, Lil ; cf. Will- 1 
geroilt,./. pr. [2J 31, 201). 

Bromination of organic acids. The follow- j 
ing is a very convenient method, which depends 
upon the fact that the acid bromides and an- ; 
hydrides ate much more easily brominated than j 
the acids themselves. The acid is mixed with 
amorphous phosphorus in quantity sufficient to 
convert it into tlio bromide, or anhydride, and ! 
the corresponding quantity of bromine added 
together with the extra amount required for 
bromination. The mixture is heated to 100° 
till decolourised, when the reaction is complete 
(Hell, 11. 14, 891). The bromination of fatty 
acids may also 1>«* readily eUVtT-d JV boiling 
their chlorides with Ur ami CS : (Michael, ./. pr. 

12) as, 92). Alkalis or water acting upon a- 
bromo- acids usually produce a-oxy* acids, with fi¬ 
broma- acids they form unsuturated acids, while 
•>-cliloro acids hecomo lactones (Fittig, A. 195, 
109; Erlenmoycr, B. 11,1318; 15,19). 

Bromination of aromatic hydrocarbons. I 
Promine in presence of a carrier enters the , 
benzene nucleus; bromine alone, or in presence ' 
of too little iodine, enter's the vid!'chains of 
boiling hydrocarbons. Sunlight promotes sub-, 
Atitution in the side-chains (Schramm, B. 17, I 
2922 ; 18, 350, 127* T >; 19, 212). | 

Bromination of aromatic amines. Promino 
goes first into a position \Ao the NIL, and then ! 
into the o- positions, but not into a m- position ' 
(Nevile a. Winthor, B. 13, 902 ; r.also Aiiomatic 
coMi’ousns, p.299). f < 

Stability of bromo- compounds. Brorao- com¬ 
pounds are less stable than tho corresponding 
cliloro- compounds; thus bromo-acctic and 
bromo-propionio acids may bo converted by 
reduced silver into succinic and adipic acids 
respectively, in this they differ from the corre¬ 
sponding cliloro- but resemble the iodo- acids. 
The relative stability of tho alkyl bromides de¬ 
pends upon tho reagents attacking them; thus 
Zu and H .SO, reduces iso propyl bromido more 
quickly than propyl bromide, the order being J 


. ethyl; oo fh< 
other hand, alooholio NTaOEf attacks prupy 
bromide more vigorously than isopropyl bromido 
the order being ethyl, propyl, isoamyl, butyl 
isopropyl (Remsen a. Hillyer, Am. 8, 251). 

Other characteristics of bromo* compound/ 
may bo inferred from the article on Chlobo- 
compounds; the bromo- compounds resemble th< 
cliloro- compounds in almost evory respect. 

BROMO-CONllNE v. Coniine. 

BROMO - C0TJMARIC ACID 0,H,BrO, 
Bromo - o - oxy - cinnamic acid. Methyl deri¬ 
vative MeO.C«II|.C*IIBr.CO*II. [171°]. S 
(CS..,) *32 at 14°. From the methyl deri 
vative of a- or /3- di-bromo-melilotio aci<3 
McO.C d H 4 .C 9 H.jBr ss .CO s H and aqueous KOH (Per 
kin, C. J. 39, 422). Small prisms (from CS*) 
si. sol. boiling water, v. sol. alcohol. Boiling 
dilute KOI! forms the methyl derivative ol 
cumarilic acid MuO.C fe H 4 .C*.CO*H. 

Ethyl derivative EtO.C li H l .C. i HBr.COjH 
[1G4°J. From EtO.C d H 4 .C 8 H*Br*.CO*Et anc 
cold alcoholic KOII (P.). Flat prisms; si. sol. 
boiling water, m. sol. CS.,, v. sol. alcohol. 

(a)-BROMO-COUMARiN C.dl.BrO,. [110°J 
From coumarin dibromide and alcoholic KOIJ 
(Perkin, C. J. 23, 308). Prisms; converted bj 
alcoholic KOH into cumarilic acid. 

(0) - Bromo - coumarin C„H a BrO*. [1G0°] 
From sodium bromo-o-oxy-benzoic aldehydi 
and Ac 2 0. Rhombic prisms (from alcohol 
(Perkin, C. J. 24, 37). 

(a)-Di-brorao-coumarin C H H 4 Br.O a . [183°] 
From coumarin, Br, and I (P.). Needles ; alco¬ 
holic KOH forms bromo-cmnnrilic acid. 

(B)-Di-bromo coumarin C„H,Br 2 O r [176°] 
From sodium di-bromo-o-oxy-benzoio aldchyd/ 
and Ac O. Needles (P.). 

BROMO-o-CRESOL CJI-.MeBrfOH) [1:3?:G] 
[89'J. From bromo-o-loluidine (Wroblcwsky 
A* 168, 105). Golden needles; v. si. sol. water; 
the aqueous solution is turned green by Fe*Cl*.— 
KC;H t> BrO uq ; red scales. 

Bromo - m - cresol O d H a MeBr(OH) [1:3:5] 
[57 J j. From s-bromo-toluidino by diazo-reactior 
(Nevile a. Winther, C. J. 41, 421). 

Bromo - p. cresol C b H 3 (CH a )Br.OH [1:3:4] 
(211°). S.G. JJ = 1*5408. Liquid. Formed bj 
tho action of dry bromino upon sodinm-p-cresol 

Methyl ether C,II*McBr(OMo) : (220°); 
S.G.J* 1*418; liquid (Scholl a. Dralle, B. 17 
2530)!’ 

Di - bromo-o-cresol C 6 H,MeBr,(0H). [67°] 
From o-cresol and Br. Volatile with Bteam 
(Werner, Bl. [2] 40, 278). 

Di-bromo-;>-cresol C k H.(CH a )Br J .OH [1:3:5:4], 
[49°J. Largo crystals. V. sol. alcohol, v. si. sol 
water. Excess of Pr forms C a II*Br a (OBr) (W.). 

Benzoyl derivative C.lLMeBrdOBa] 
[Ul°l, whito needles (Scliall a. Dralle, B. 17 ( 
253&; Werner, Bl. [2] 46, 278). 

Tri-bromo-m-creaol C s HMeBr a (OH). [82°] 
From w-cresol (W.). Needles (from alcohol)* 

Tetra-bromo-p-creaol C 8 Br,Me(OH). [109°]. 
From p-cresol (Baumann a. Brieger, B. 12, 804), 
Plates; slowly decomposed by cold bromine- 
water into CO* and tri-bromo-phenol. 

BR0M0-CRE80L 8ULPH0NIC ACID 
CH a MeBr(OH)(SO a H) (1:2 or 6:5?:3). Fro* 
o-bromo-toluena by gulphonatioa, nitration* W 
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dtaotl«tion (Sehlfer, A. 174.861). m 84,101). HNO, (B O. 14) form, ji-bromo. 
-BaA', 4}»q—B»A', 8«q.-Pbi;, Iiq. Kb*oioaeid. 

Bromo-emol mlphonio *olf /J-Bromo-n-enmene 

0,H,MeBr(OH)(SO,H) [1:4:574]. From (3,1,2)- Formed in tho cold by tho action of bromino 
broxno-tolueno sulphonio acid by nitration, re- i ft mol.) upon n-onracno in direct sunshino. By 
dnetion, and diazotisotion (S.).—BaA'-daij. further bromination in sunlight, it civea d-di- 
Bromo-cr.sol sulphonic acid bromo-n-cumono C u H.CBr..-ClI...( , ll J , but in tho 

C.H,MeBr(0H)(S01I) [1:4:?:2]. From (1,1/2)- tintk at 1 tMl° it yields atf-dihronto-n-cutncno 
hromo-toluene sulphonic acid in a similar way. CJii.ClIBr.ClIBr.Cll, (Schramm, /»*. 1H, 1275). 
— BaA'^aq. j Jj8-Di-bromo-u cumenoOJIj.CIIBr.CHBr.CII,* 

Di-bromo-cresol sulphonic acid • From ally 1-benzene {■/. r.) and bromino (Utig* 

C # HMeBr.(OH)(SO J H). From (2,1,1) - amido- luituer, A. 172, 131; Kad/iszcwski, C. li. 7H, 
toluene sulphonic acid and Br (Havduck, .1. llod; Perkin, C. J. -'2, CGs). From n-emneno 
174, 353).—KA'ftq. Ba.V ; 8,Uq. ; and bromine at 100° (Wisp« u ... /ub* r, .1. 218 , 

a-BROMO-CROTONIC AClD C^II^BrCX, i.c. ! 381; cf. ft. supra). Silky needles (from alcohol), 

CH,.CII:CBr.CO JJ. [10(5*5°]. j 00-Di-bromo-n-cumene C li H y CBi\.CHg.ClI l . 

< Formation. —1. From aa-di-bromo-w-butyric Phenyl-ethyl dud-mi'‘i!i-hrom' t <h'. Formed in tho 
acid and alcoholic KOII, Nil,, baryta-water, or ; cold by the action of bromine (2 mule.) upon 
Ag,CO, (Michael a. Norton, Am. 2, 15; Krlen- ; »i-cumene exposed to direct sunshine (Schramm 
meyer a. Muller, B. 15, 40). 2. From o/3-di* j li. 18, 1275). 
bromo-butyric ether and alcoholic KOH (Michael j wa/LTri-bromo-u-cumeno 
a. Browne, Am.3,280). -3. Together with bromo- ! C„Il.,.CIIBr.OIII>r.CH Jlr. Shjccrin tri-brom * 

pyrotartaric acid by the action of bromine on . hydrin. [124% From chummy! bromide and Br, 
propane tri-carboxylic ac ; d (Bischoil a. tiuthzeit, j or by tho action of lljlr on the dibromido of 
li. 14, 61G). j einnrunyl alcohol ((Irimaux, Id. 2(1, 120). 

Prvjwrtks.—lionK needles (from water);! Tetra-bromo - u-cumene CJIJir,. Liquid 

needles (from ligroin); m. sol. cold, v. sol. hot, ; (Kittig, .1. 142, 327). 

water.—Ag.V: white needles,quickly affected by j o-Bromo-cumene CJl.BrPr [1:2]. Bromo * 
light.-- Ba.V, 2aq. isopropyl-benzene. (20(1" cor.) at 710 mm. From 

A f/o-o-Bromo-crotoxlic acid isopropyl-phenol and PBr, (KtMi, (/. 1(5, 131). 

CIIj.CIIiCBr.COJI. [‘JO’] (K.); [32°] (M. a. N.). p ■ Bromo-cumuno CJl Brl’r [1:4], (217). 
From u0-di-bromo-butyric acid (dibromide of S.(L 1*3014. Pn pared by broniinating 
crotonic acid) by treatment with alcoholic KOH cumene at O in presence of I (.landmen, li. 
(Michael a. Norton, Ant. 2, 15) or NaOHAq (C. 12, 430). With benzene, Na, and CO. it gives 

Kolbe, J. pr. [2] 25, 331). enminie. acid (It. Me\er, ,/. pr. |2j 31,3,1). 

Projh'rties .—Long needles (from water); Ponta-bromo-iumeno (’..,11 Hr.,. [37 ). From 

needles (from ligroin); m. sol. hot water. - Ag.V; cumene and Br (Men-el, /. 1807,322; Fittig, 
needles, little affected by light. - lkiA', 3 ]aq. - A. 113, 32(1). Needles; :-l. sol. cold alcohol. 
CaA' a 3aq. ’ Bromo-C'-cumono l',.Il.(Cll.,),Br [1:2:4;5], 

j8-Bromo-crotonic acid CII ( .CBr:CH.CO.,JI. [73 j. (227 ). While plates. 

[05°]. From tetrolic acid and cone. llBrAq at Fnnn.:ii >n. 1. By the action of cuprous 

0° (Michael a. Browne, .4 mi. 0,277; ./. pr . !2. 35, ; brrriidc upo” dia/.o-pscudo-enmeno (Haller, I). 
258). Flat needles (from water); feathery ■ 18, 3").— 2. By the action of bromino (1 mol.) 
groups of tough needles (from ligroin); si. sol. in tho dar! upon pseudo-cumene; the yield is 
cold water, m. sol. hot water. -AgA'; amorphuus, GO p.c. (Bo! tem, A. 137, 323; Fit tig, A. 133, 
readily affected by light. BaA'^aq. -- KA'. 188; 145, 138; Schramm, U. 13, 21(5; Siissen- 

a/5-Di-bromo-crotonic acid guth, A. 215, 213). 3. By the action of bromine 

CH,.CBr:CBr.COJI. [3(5°]. From tctrolic acid ; upon un aqueous solution of pscudo-oiimcno* 
and Br (Pinner, li. 14, 1081).--Boiling with ; sulphonic acid (1:2:1:5) 7<» p.c. is converted into 
AgjO gives (C,H,Br),. [11(5% j broino-vl'-cmnene, tin* remainder forming bromo* 

BR0M0-CUMALIC ACID C.,H.BrO ; (t’O.H). i ^ cunu iio :ulplionie uenl C ( .IJMc,Br(ttO,lI) 
[17G°j. Formed by the action ol biomim- on • [1:2:1:3:51 (Kolbe a Bathe, It. ID, 1547). 
cumalic acid in acetic acid solution (iVchmunu i Bromo - # - cumene CJIMe.Jlr [1:2:4:3]. 
a. Welsh, B. 17, 2330). Colourless glisb-inng (220 -223 ). Colourless oil. Formed by tho 
needles. Can he distilled in small quantities, * hydrolysis of thoMilphonie acid C 0 HMo 3 Bi*(S 0. 1 I1) 
V. sol. alcohol, ether, acetic acid, and chloro- : fl:2:l:3:5, by uu-ans ol ipt-ilu atod h am at 
form, more sparingly in benzene, insol. Iigr<on. : 200° 210'. By M< I and N «a it yields r-Mra* 
Methyl ether A'Me : [134 !, prismatic mothyl b* nzem* (Keibe a. Pat lie, It. 13, 1551), 
needles, sol. alcohol and benzene^ si. sol. ether, : Bromo-4/ cumene CJLMe.Br [l:2:4:Gj (237 1 ), 

insol. water. Aqueous Nil, converts it into tho . Liquid ; Mill fluid at 1;V. Obtaincl by hydro* 
methyl ether of brom-oxy-nicot*nic acid. if lysis of the suiphonV ac^l (l:3;i:5;2J. By suL 

o-BB0M0 n-CUMEh E C,lI n Br i.e. C,HJ{i*Pr ; jihonation it is r« coi* t*rted into tho same huI- 
[1:2]. Bramo-n-projyyl-bmzcne. (222 i. V.). A phonic acid (Jacobsen, P-. 13, 1223). 
mixture of this body with the p • isomoride is j a»-Bromo-^-cumcneC.H.(CIDj.CIl.^Cl. Pseudo. 
formed by the action of Br on propyl-l>enzone : cumyl bromide. Liquid. Leeomposes on dis* 
in the dark or on ethyl-benzene mixed with I ; tillation. Formed by the action in direct sun* 
in diffused daylight (Schramm, P. 18, 1271). j shine of 1 mol. of bromine upon 1 mol. psoudo- 
KMnO, gives o-bromo-benzoio acid. j cumene (Schruimn, B. 13, 217). 

p-Bromo-n-cumene C„H 4 BrPr [1:4]. (220° j Di-brorao-^cumene C, ( lJMe 3 Br y [1:2:4:5:61, 
POT.) From CJIjPr and Br at 0° in presence of i [Cl 0 ]. (234°). Formed by t!ie action of 1 mot 
I [Meyer a. Muller, B. 15,(538; P». Meyer, J. pr. ! of bromine upon 1 mol. mono-bromo-pseudo- 



mb 


eumone by gaslight, or in the 3ark (Schramm, 
BA^,M; Jacobsen, B. 19,1220). Long flat 
needles, v. sol. alcohol. 

«,-ayDi-bromo-'J'-cumene C a Hj(CH,) (CHjBrJj 
[1:2:4], Paeudo-cumylene bromide. [97°]. Flat 
glistening needles (from petroleum-ether). V. 
sol. alcohol and benzene. Formed by the action 
of 2 mols. of bromine upon 1 mol. pseudo-cumene 
in direct sunshine (Schramm, D. 19, 218 ; Hjelt 
a. Gadd, B. 19, 807). 

Tri-bromo-^-cumene C a Me 3 Br, [1:2:4:3:5:6]. 
[226 1 ] or [233° cor.]. V. sol. hot toluene, si. sol. 
alcohol. Formed by the action of Br (3 mols.) 
in the dark pon ^.cumene (1 mol.) (Fittig a. 
Laubinger, A\ 15 r,'264; Schramm, li. 19, 217; 
Jacobsen, li. 19, 1222). 

BR0M0-4-CUMENE-SULPH0NIC ACID 
C M UMo,Br(S0 3 ll) [1:2:4:5:8]. [c. 121°]. Formed 
by dissolving bromo-ik-cumene (73°] in warm 
Blightly fuming lI,SO r Needles (containing 
2aq). By treating the Na salt with zinc-dust and 
aqueous Nil, it is debrominated with production 
of (l,2,4,G)-pseiulo-cumeue-sulphonic acid. 

Salts.- A'N'aaq.—A' 2 Cu3aq.—CuA' 2 4aq.— 
BuA'.. ’.aij. -KA'aq. 

Amide C (i HMe,Br(SO.NH,): [185°]; small 
needles, v. sol. alcohol, nearly insol. water (Jacob¬ 
sen, li. 19,12 1 h ; Kolbe a. Bathe, li. 19,1553). 

Bioino-^-cumono-sulphonic acid 
CJIMo,Br(SO,ll) [l:2:4:6:3J. Formed, together 
with the di-bromo- acid,by the action of CIS0 3 I1 
upon di-bromo-^-cumene. - NaA'!aq. 

Amide (!„HMe ( Br(SO,NlI,)[158°]; thin 
needles (Jacobsen, Jf. 19, 1223). 

Bronio-^-cumonc-sulphonic acid 
CJlMoJlrfSOJl) [1:2.1:3:5). [118°]. Colour¬ 

less needles. Formed by the action of bromine 
upon an aqueous solution of pseudo enmene- 
sulphonic acid [1:2; 1:5]; 78 p.o. of the pseudo- 
cumene-sulphonic acid is converted into bromo- 
pseudo-cumene [73°], the remainder jielding 
the bromo-sulphonic acid. It. is alsotformcd by 
sulphouation of bromo-pseudo-cume.no [1:2:4:3J. 
The latter body is formed by the action of siq er- 
heated steam upon iliit 290 ’- 210'’. 

Balts. - - NaA'nq. ■ KA'aq. — AgA'aq.— 
BaA'.. aq. Pb.V.. 3aq. 

A'midc C 1 ,HMe l l»r(SO..NH ) : |188°J; thin 
needles (llelbr a. Bathe, li. 19, 1517). 

Di-bronio-»/--cuniene-sulphonic acid 
C„Me.B.r(SO,il) j 1:2:1:5:8:3]. Obtained by sul 
plionation of di-biomo■ psoud^-cymeno with 
sulphuric ehlorhydriit. 

Balt s .--Nu A'. NaA' aq.—BaA'... 

Amide C li Me ;i Br (SO,NH,) : [above 250°J; 
plates (Jacobsen, 1. 19, 1222). 

BROMO - ^ - CUMENOL OJIMe.Br.OH 
(l:2:l:3:5j. [35°]. Formed by bromination of 
pscudo-cumenol in cold acetic acid. Blender 
yellow needles. Insol. water, v. sol. other sol¬ 
vents (Router, B. if, 29 ; Auwers, li. 18, 2657/. 

Bromo - iso - cumonol C^HjlTBrjOil) [2:4:1]. 
[49°]. Bromo-isopropyl phenol. From o-iso- 
propyl-phenol (o-isoeumonol) and Br (Filcti, 0. 
16, 117). Decomposes at 250°. 

Methyl ether C„Il a PrBr(OMo). (250°). 

Di-bromo-i]<-oumenol 

C - Me. t Br a .OIl fl:2:4:3:6:5], [149°]. Formed by 
bromination of pscudo-cumenol dissolved in a 
•mall quantity of acetic acid. Bong colourless 


prisms ot needles. Insol. water, m. sol alcohoL 
acetic acid, and benzene, v. soL ether. 

Methyl ether O^MejBrj.OMe : [96°]. 

Formed by methylation of the above or by 
bromination of pseudo-curaenol-methyl ether. 
White needles. Inaol. water, v. sol. other sol¬ 
vents (Auwers, B. 18, 2057). 

Di-bromo-i]/-oumenoi 

C 0 Me,Br.,OH [1:2:4:3:5:G]. [152°]. From 

C„HMc 3 Br 2 [1:3:4:2:6] (Edler, B. 18,630; Jacob- 
sen, B. 19, 1220). 

Di-bromo-iso-cumenol 

C.TI.BrBr.^OH) [2:i:G:l]. From o-iso-cumenol 
and Br (Fileti). Liquid. 

Methyl ether C a ir.PrBr.,(OMe). (279 J ). 
HNO, forms a nitro-derivative 
C h H 2 BrBr(N0 2 )(0H) [2:4:6:1]. [33°]. 

BROMO - CUMINIC ACID C lo H n Br0 2 i.e. 
C u H,Br(C 2 H : )CO,H. [151°]. Broino -propyU 
benzoic acid. From Br and cuminio acid or 
silver eliminate (Naquet a. Luginin, Z. 1866, 
333; Gerichlen, B. 11, 1719). From bromu- 
cymeno and HN0 3 (Fileti a. Crosa, O. 16, 296). 

Kxo- bromo-cuminic acid C. i II ti Br.C„H,.COj4. 
From Br and cuminio acid at 120° (Czumpelik, 
li. 3, 478). 

BROMO-CUMYL-BUTYRIC ACID 

C,.,H 17 Bi O.. ix. C, ; lI l Pr.C 2 H r CHBr.C0 2 H. [ISO 3 ]. 
From cumcnyl-crotonic acid and HBr. Prisms. 
Decomposed by NaXO, giving allyl-isopropyl- 
benzonc (Perkin, G. J. 32, 662). 

BROMO-CUMYL-PROPIONIC ACID 
C,..ll l; ,BrO.. i.e. C (1 II 4 Pr ; CH 2 .CHBr.C0 2 H. [87°]. 
From cumy 1-acrylic acid and HBr (Perkin, G. J. 
32, 661). Resolved by boiling water into HBr 
and cuinyl-aerylic acid. NaXO.Aq forms vinyl- 
isopropyl-ben/.enc. 

Di-bromo-cumyl-propionic acid 
C ti II,Pr.CHBr.('HBr.C().,lL [190°]. Fromcumyl- 
acrylic acid and Br (Widman, B. 19,258). 

BROMO CUMYL-VALERIC ACID 
C i4 H,„Br() 2 ix. C, i lI 1 Pr.C 3 ll„.CHBr.C0 2 II. From 
cumenyl-angelic acid and HBr. Prisms. 
Na.X0 3 Aq gives isopropyl-butenyl-bcnzcnc (Per¬ 
kin, C. J. 32, 663). 

BROMO-CYANO-BENZENE v. Nitrile of 

BUitMO-UKNZOlO ACI1>. 

BROMO-p-CYMENE C l0 II ia Br i.e. 
C d H 3 (Cn 3 )(d,II.)Br [1:4:2]. Bromo-p-methyl- 
n-propyl - benzene. (234° i.V.). S.G. P27. 

Formation.—1. From cymone and Br (Lan- 
dolph, B. 5, 267).—2. Together with bromo-p- 
cymcne - sulphonio acid C d H.,MoPi'Br(S0 3 lJ) 
[1:4:5:2] l>y the action of bromine upon an 
aqueous solution of p-cymcne-sulphonio acid 
(Kolbe a. Koschitzskv, li. 19, 1730).- 3. The 
same or the following bromo-cymene is formed 
by hydrolysis of brumo-p-cymene-sulphonie acid 
C # H‘MePrBr(SU 4 H) [l:l:5or6:2! (K. a. K.). 

Bromo-p'cymeno C li IL(CH.,)(C : ,H ; )Br [1:4:3]. 
(232°). Fron* thymol and PBr % (Fileti a. Crosa, 
G. 16, 287). Formed also by the action of 
bromine upon an aqueous solution of p-cymene- 
sulphonic acid (Me:Pr:S0 3 lI -1:4:3) (ClauB a. 
Christ, B. 19, 2165, v. supra). 

Di-bromo-p-cymene CJLMoBr.Pr. (272’). 
S.G. 1*596 (Claus a. Wiminol, B. 13, 903). 

(a)-Bromo-m isocymene C a IL,MePrBr [1:9:0]. 
(225° cor.). Formed, together with bromo-iso- 
cymene sulphonic acid, by the action of bromine 
ou m-isocymeno sulphonio acid (Kelbe, A . 210, 





BROMO-DURENE. Mt 


482 Mfl, 381). Oxidised by dilute HNO, to eymenol with ft solution of bromine in HBr 
bromo-toluie acid [210°]. (Jesurun, B. 19,1414). 

(A)-Bromo-iiocymene 0 6 H 4 Me(Pr)Br [1:3:4]. BROMO- CYMIDINE C # H a M«Br(O.H t ).NH # 
(224°). Got by distilling C tf H i Mo(4‘r)Br(SO il K) From bromo-nitro-cyineno. Liquid (Mazrar*. 
[1:3:4:6] with superheated steam (Kelhe a. Czar- G. 10, 193). 

nomski, A. 235,293). Dilute UNO,oxidises it to BROMO-DECANE t>. Peoyl DuoMtnX. 
bromo-toluie acid C, ; ll 4 MeBrC0 2 H [1:4:3] [153°]. Di-bromc-decane C 10 II 2l) Br... Dvcylcm brom ■ 
Di-bromo-m-isocymeno C,„llBr.. (273'’ j ide. Oil. From petroleum doeyJuno (lleboul a. 
uncor.). Obtained by bromiimling (a)-brumo- ; Truchot, A. 144, 248). 

tn-isocymene sulphonic acid (Kelbe a. Czar- ; • Di - bromo - decano C l0 H. ( ,Br,. Diamylcns 

nomski, A. 235,281). Converted by finnin;? 11NO, i brom id e. From diamylem' ami Br (Hauer, A . 
intonitro-bromo-iso-cymeneC^H^NOJBr [83 J. ! 135, 314). Liquid. Alculu lie KOU gives rutyl- 
Bromo-p-cymone-sulphonic acid ' ! ene C 10 li 1H (150). 

C v JI 3 Merri>r(S0 4 H) [1:4: 5mG ;•>]. Bromo p- j Tri-bromo-docane C,„ll F*Oil. From 
mcthyl-n-propyl-bcnzene. sulnh micacid. Formeil, { dianiyleno and Hr (\\alz, Z. 18G8, 315). 
together with bromo-p-cymeno CVIl .Mel'rBr I Decompose*, at 100 ’. 

[l:4:2j, by tho action of hrmuino upon/' cyinem - ; Tetra-bromo-docane C ia lI, s Br 4 . Menthens 
sulphonio acid C„H .MeHrtSOjl) f 1:1:21 in ■ tctrabromhle. From mentlirne and Hr (Beckett 
aqueous solution at 10 ’-50° (Kelbe a. Ko^ehit/kv, ; a. Wright, lieportof British Ass. 187 a, ii. 88). 

B. 19, 1730). Formed also from eymidine by Oil, split up by distillation into HBr and 
sulphonation and diazotisution (Widman, IS. cyineiio. 

19, 248). Sodium amalgam reduces it to «- Tetra-bromo-dccano C, 0 II lN Br 4 . Deccnylenc 

cymenc sulphonic neid. feint bromide. From decineno (1G5) and Br. 

Salts. KA'aq. B*iA' 2 2Uq. S. 1 at 17 — Oil (Kuboul a. Truehot, .1. 114, 249). 

BftA' 2 l.Uq.—CuA'.J’iaq. * Tetra bromo-decano 0„,Il lh Br 4 . From allyl- 

Amidc CJLMel’rBrfSOjNIL): [152 'j. prnpylidene propyl-met ha no (158°) and Br (Ho- 
Bromo-p cymene-sulphonic acid ! hirmat.skv,«/. pr. |2J 27, 3S9). 

C. H > Mcl*rl!r(S0.1l) [1:1:2*5. Korn,. .1 by mil. j DI BR0M0-DECINENE8 C„lI„Ur. lVscribod 
phonation of bromo-p-eymono (1:1:2) with II S<> 4 as hydrobromides of terpenes. V'. also BoitNTL 
(Kelbo a. Kosehit/.sky, IS. 19, 1732 ; Claus a. ! imovim:. 

Christ, li. 19, 2103; Iteiimen a. Day, Am. 5, ■ Di-bromo-docinene C lu lI,„Br a . From di- 

151), or C1SOJI (I'aterno a. Can/.nmri, G. 11, | awyleno and Br, p. 211. 

120). Long needles containing 3aq [e. GO’-']. By! Tetra-bromo-decineno C l0 If 14 Br 4 . Di-bromo • 
zinc-dust and Nil, it is easily debrominuted to - camphilidene dib>amide. [100°- 1G4°J. From 
pcyrnene-sulphonic acid (1:1:5)?. camphor and l‘Cl 3 Hr. (Do la ltoydre, HI. [2] 88, 

Suits. KA'3aq.—FbA'... S. 21 at 30'.— 579). Unctuous tables. 

AgA\- CaA', 8aq. NaA'V.aq (It. a. !>.).- -y-BROMO-DECOIC ACID C lw H lu BrO a i.e. 
ZnAASaq (it. a. D.).--M:'A , ._,9 l ,a<j (It. a. !>.). — C„H l . J .CIllJr.CIL.Cll_.CO H. From dccouoio 
CaA\9‘aq (It. a. !>.).- Ca.V,Gaq. - BuA'. 9|aq ' acid (<;. v.) ami IlBr [Sehnoegans, A. 227, 92). 

(It.a. D.). B.tA’ 2 5aq. S. l-27at 27 .-CuAA Kjq. j lliavy oil. Na.CO., removes HBr forming tho 

Amide (J, II MelVBqSOA'lL): [188-J j lactoi.a of oxydcenicneid. 


(K. a. K.) j 195°J (C. a. 

Chloride CJLMtl’rBrSO.Cl ;H2‘]. 
Bromo-p-cymene-sulpbonic acid 
C < H a (Cn j )(C.H ; )Br(SO.,IJ) [1:1:5:3\ [180° 

uncor.]. Formed by bromination of an aqueous 
solution of p - cymenc - sulphonic acid 
CjlljMoI’rtSOjli)!’. 1:4:3]. Glistening colourless 
plates (Claus a. Christ, IS. 19, 2100). 

(a)-Bromo iBO-cymene sulphonic arid 
C i U a Mc(l’nBriSO,H) [1:3:0; 1\ [fi.Vj and fl2G‘j. 
From (a)-liromo -iso-cymcne by suiphon-afion, or * 
from (tf)-i.-ocyim*im sulpliunic acid by bi miina- \ 
tiou (Kelbe a. Czarnomski, A. 235, 277). Ne dl< s i 
containing 8uq (from water). After a week’o j 
exposure over 1I..SO, it melts at 120 \ Suits.— i 
BaA'„ 7nq.~ CuA\ 7aq. - KA' uq. - NaA'2aq. 

Amide C lo Il lv Br.SO..N 11, [ 171 ; ). 

(0) -bromo-m-iso-cymene sulphonic acid | 
C,.H 1 .lir.S(),H It. C.U M.-fCJl )l!i(SO,U, 
[l:3:4:Gj. [109°]. Formed i# bromination o^ 
•w-isocymene Bulphooic aci<l (Kelbe a. Czar- 
nomski, A. 235, 272). Salts. — BbA 2 aq.— 
BaA J4 — CuA'.. 4aq. — K X* aq. 

A m id c.- .Br.SO NIL ri02°j. 
BR0M0-CYMEN0L C..ILM-f'iBr t OH) 
[l:4:3:2or0]. From amido-cyiu^nol by tho ; 
diazo- reaction. Oil (Mazzara, G. 10, 191). I 
Tri - bromo - cymenol C # Me(C a H 7 )Brj,(OII) | 
[2*4:1]- [222°]. Glistening golden plates. \ 

Formed by shaking an aqueous solution of j 


Di-broran-docoic acid C, tl lI lH BrO a . Di-bromo- 
Capri j acid. [135’]. From derenoic (‘amydecyl- 
enio ’) acid and Br (Hall a. Sehoop, IS. 12, 194). 
Monociinio prisma (from benzene). 

DI-BROMO-DECYL ALCOHOL C„If w Br t O. 
Oil. From allyl-di-isopropyl-carbinol and Br 
(Lebedinsky, J. pr. [2] 23, 22). 

BROMO DECYLENE OJf.Jir. (215 ). S.G. 
L5 1*109. Oil. From deeylene bromide (v. sup.) 
ami alcoholic KOIl (Keboiil a. Tiuchot, A. 144, 
218 ). Ah oliolio FOU forms CJ IU ! 1 Jl4 (105°) and 
C J0 H 1!1 Ol*d. 

Bromo -dccylene v. MkntiiyIj huomiuk. 

Di-bromo-decylene C l0 II lh Ur v .. Dvcineni 
bromide. Oil From C, lf ’ t l IM and Br (It. a. T.). 

Di-bromo-docy’sne C 11 ,'i ll ,Hr / . From ter- 
pilene hydride and Br (Montgoltier, A. Ch. [5] 

19, 158 ). 

Di-bromo-decylcue C^Il^Br.^. From rutyl- 
ene and Br (Bauei, .}. 185, 344). 

DI-BROMO-D0DLCANE C, a ir. i4 Hr t [-15°). 
Dodecylenc bromide. Formed by the addition of 
lir 2 to dodecylene (Krafft, li. 17, 1371). 

‘BROMO-ISO-DURENE CJIBrMe,} 1:3:4:5:61, 
(253"’). Liquid; solidified by cold (Biolefeldt, A. 
198, 388). 

Bromo s durene C # IIMe 4 Br [1:2:4:5:3]. [61^. 
By bromination of durene (Gissmann, A. 216, 
210). Pearly plates (from alcohol). 






Dibromo-Uo-durene C 10 H,jBr, [1:3:4:6:2:61. 
[209°]. Iiong fine needles. SI. sol. hot, y. si. sol. 
Bold aloohol. Prepared by bromination of iso- 
durene (Jacobson, D. 15,1853; cf. Jannasch, 23. 
8, 355). 

Di-brotao-s-darene C,Me,I3r., [1:2:4:5:3:6]. 
[203°]. Needles (from alcohol) (Fittig a. Jan¬ 
nasch, Z. 1870, 161; Friedel a. Crafts, A. Ch. 
16)1,515). . 

BROMO - C h ,II,,Br.OH [118°]. 

Formed by bromination of durcnol in acetic acid. 
Long prisms. V. sol. aleohol and ether, insol. 
water (Jacobsen a. Schnapauff, B. 18, 2814). 

DI-BROMO ENNANE CJI^Br,. Nonylenc 
bromide. From Ih and ennyleno (from paraffin). 
Alcoholic KOI 1 forma bromo-ennylene C„lJ 17 Br 
(c. 210") (Thorpe a. Young, A. 105, is). 

BROMO-ENNOIC ACID C (1 II 1 . 1 .C.H J Br.C0.1I. 
From ennenoic acid and HBr. Decom¬ 

posed by warm aqueous NaXO., forming an oil, 
probably C N II 1 . l .(hll, (Sclmcigans, A. 227, 83). 

BROMO-ENNYLENE v. Di-imnwo-HNNANi:. 

BROMO-ERUCIC AGIO C,.H 41 BrO,. [84°]. 

From di-bromo-behenicacid and alcoholic KOII. 
Converted into behenolio acid by alcoholic KOI1 
(UaussknecUt, A. 143, 50). 

Di-brorao-erucic acid C.,,H lu Br,(L. [47°]. 
From behcnolic acid and bromine (11.). 

BROMO-ETHANE v . Kthyi. iiiiomide. 

Di-bromo-ethane v. Etuyij.nk huomidk and 
EtIIYMOKNK IIUUMIIIK. 

w-Tri-bromo-ethane OIlBr,.OH a Br. Bromo- 
ethylene bromide. (188) at 752 mm. S.G/ 4 
9-6189; ’J2 2-6107 (Ansclmt/, A. 221, 138). 
M. M. 12-897 at 11-7°. From fH15r:('U writer, 
and Bi (Wurtz, A. Ch. [8] 51, Nt).^ AU« formed 
by the action of Br on ethyl bromide,^thyUmo 
bromide, or iodo ethylene (M. Simpson, P. AT. 
[4] 14, 514 ; Caveiitou, A. 120, 523; TawildarolT, 
A. 170. 22; Staedel, R 11, 1711). 

liraclions.- 1. Alcoholic KOlI gives w-di- 
bromo-ethylene, bromo.acetylene, and acetylene. 
2. M-Pi-bromo-ethyb'in* is also formed by tho 
action of alcoholic KOAc, water and 1*1)0, and 
NaOEt (Michael, vim. 5, 102). 3. SbCl. gives 
CHCLCUX.- (Henry, lil. [2J 42,202). - 4. Benz¬ 
ene in presence of ALC1„ piluluces* Intnuo-benz- 
ene, s-di pheiiyl ethane, and u-di-phonyl-othaue 
(Anschutz, .4. 235, 333). 

tt-Tctra-brorao-ethano CBr^ClI.^Br. Acetyl 
iiienc tetrabromide. (103-5°) at 13*5 mm. S.G. : -~ 
21)210. From CBr./.CIl., and Br, (Anschutz, A. 
221, 140; Lennox, C. J. 13, 200; Bcboul, A. 
124, 270). Also from tri-bromo t thane and Br 
(Denzel, B. 12, 2207r'. Decomposed by heat, 
giving off Br 7 and HBr. Converted by botueno 
and Al : C-h into «-di-phcnyl-rthano. and stetra- 
phcnyl-cthano CIllMiXHPh.. [210'j; bromo- 
bonzone and acetylene dibromido being also 
iormod (Anschutz, .4. 235, 100). 

a-Tetra-bromo-ethane ClIBr.,.CIIBr. <! . Acetyl¬ 
ene tetra-bromide. (Ill 0 ) at 12 mm. S.G. 

2*9029. Acetylene, from C.H,Br a and alcoholic 
KOI1 is passed directly into bromine. Tho pro¬ 
duct, containing CIlBr^.CHuBr, is treated with 


•kofcol ih»S4u*t tnd CBBrCffR. 
rated from CH^OHBr by fraotiou^ist 'lafi^' 
oo? i 8 „i hen , mu ’ - bromine (Anscbula A 

£9,im flmmy ’ 54,1229: SsbMeieff; 

Propertfcs.-Smells of camphor and chloro- 
form. Takes up moisture from air, becoming 
cloudy. At 185° it begins to decompose, giving 
off Br 2 and HBr, and leaving 0*11 Br,. With 
water and bromine at 185° it gives C.,Br 4 and 
C 2 Br a . Boiling alcoholic KOII forms a’cetylene 
and bromo-acetyleno. Zinc added to its alcoholic 
solution forms acetylene dibromide in the cold, 
but on warming it forms acetylene. With bonz- 
ene and A1 Z C1„ it forms bromo - benzene, w-di- 
I phenyl-ethane, anthracene, and anthraquinone 
| (Anschutz, A. 235, 1G1). Al z Cl a alone forma 
ClIBr,.CH z Br and CyBr u . Tolueno and A1 Z CL 
! give di-mothyl-anthraccne [225°]. o- in- and 
]>- xylene appear to give tetra-methyl-anthra- 
cenes. 

renta-bromo-ethane CBr a .CBr.H. [19°] (S.); 
[5-l°| (D.); [57°] (B.). (210°) at 300 mm. 

Formation.— 1. Fr&in CIIBr:CBr z and Br 
(Lennox; Sabanejeff, A. 210, 281).—2. From 
bromo-etliylene and Br (Denzel, B. 12, 2208).— 
3. From bromo-acetylcnc and Br (ltcboul, A. 
124,208).—4. By spontaneous decomposition of 
tri-bromo-etbyleno exposed to air (Demole, Bl. 
[2] 34, 204).—5. From acetylene tetrabromide 
and Br (Bourgoin, Bl. [2J 23, 173).-—G. From 
succinic acid, water, and Br (Orlovsky, J. R. 
9, 280). 

Hexa-bromo-ethane C z Br„. Carbon hexa- 
bromide. Formed by brominating C. Brji (Re- 
boul). Formed also by the action of Br anu A1 
on CC1 4 , C Z C1 4 , or CXI,, (Guslavson, J. 11. 1J, 
287). Also from inucobroinic acid, water, 
ami Br at 130° (Delbriiek, A. 105, 253). Prisms 
(from CfcL); insol. alcohol. At 200 ’-210° it 
decomposes, without previous fusion, into Br 
ami C.Br,. Unlike the latter, it is not volatile 
with steam. 

BROMO - ETHEN Y L - NAPHTHYLENE-DIA- 

MINE car, 

c —-6 

c.h,<; i 

XJISr : CII 

[220°]. Formed by reduction of the acetyl 
derivative of (l:3:4)-bromo-nitro-(a)-naphthyl- 
arnino with S»n z . Small white needles. V. sol. 
alcohol and ether, insol. water. Tho cthenyl 
group is very stable. Salts. — lJ'IlCl.— 
B' H .SO/ : sparingly soluble needles.— 
B'HNO,* : fine white sparingly soluble needles 
(Prager, B. 18, 2100; «/. Meldoia, C. J. 47, 605). 
BROMO-ECHOXY- v. Bisomo-oxy-. 
BR0M0-ETJJYL-ACE 10-ACETIC ETHER t>. 
Bbomo-aceto-acktic ktjieb. 

d Bromo-ethvl-aceto-acetic-ether C H H la BrO, v 
i.e. CH,.CO.C1I 1 a),Kt).CH..CHJBr. Heavy yel¬ 
lowish oil of camphor-like odour. Not distillable. 
Formed by dissolving trimethylene-methyl- 
CH, X XO.CH, 

ketone-carboxylic ether j in 

CH./ \C0,Et 

three times its weight of strongly oooled cone. 
HBr (1*85 S.G.), allowing to stand 10 mint. 

15° and pouring into iaed water. By hotting 




HEcmo-ET&ftjarE. 


with HOI il ia oo n twiad bio aoa|yl propyl alco¬ 
hol OH r OO.CH 4 .OH r CH r OH (a. p. 46) with 
formation o! alcohol, 00,, and HBr (Perkin, jon., 
a. Freer, 0. J. 61, 833, B. 19, 2565). 

BROMO-ETHYL ALCOHOL v. Glycol broh- 

HYDRIN. 

Dibromo-ethylalcohol CHBr r CH.OII. (180°). 
S.G. 3 2-35. From bromo-ethylene and dilute 
HBrO (Demole, B. 9,49). Reduces ammoniacal 
AgNO,. Alcoholic KOH gives bromo-ethylene 
oxide. Acetyl derivative CHBr-.ClL.OAo. 
(194°). S.G. 2 1-98. 

BROMO - TRI - ETHYL - AM INE. El h ylo - 
bromide CjHJk.NELBr. From NEt, and 
ethylene bromide. Alcoholic KOH forms 
C 2 H,.NEt 3 Br (Hofmann, C. li. 49, 880). 

p-BROMO-ETHYL-ANILINE C„H,Br.NIIEt. 
From p-bromo-auiline and EtBr (Hofmann, A. 
74,145). 

p-Bromo-di-ethyl-aniline CJH,Br.NEt,. [33°]. 
(270°). Needles or prisms. Formed by bromi- 
nation of diethylaniline (Claus a. Howitz, B. 17, 
1327). 

p-BROMO-ETHYL-BENZ ENE CJIJhEt 
[1:4]. (204°). S.G. !£* 134. From p-ethyl- 
benzene, Br, and I (KokulA a. Thorpe, C’. J. 22, 
866). From 0*11,Br a , EtI, and Na (Aschen- 
brandt, A. 216, 222). Does not solidify at 
— 20°. A mixture of o- andp- ethyl-benzenes is 
formod by the action of bromine in the dark 
upon ethyl-benzene, or by the action of bromine 
in presence of 3 p. c. of iodine upon ethyl-benz¬ 
ene in diffused daylight (Schramm, B. 18,1272). j 

w-Bromo-othyl-benzone C, l ll i .CH,.CIIJ*r j 

(c. 148°) at 30min. S.G. 93 1*311. Formed by 
direct combination of styrene with lIBr(Bernth- 1 
sen a. Bender, B. 15, 1983). Formed also by ' 
treating a mixture of benzene and bromo-othyl- 
ene with Al a Cl 6 (Hanriot a. Uuilbort, C. li. 98, 
625). 

a-Bromo-ethyl-benzene C„H...CIIBr.CH,. 

(37°) at 17 mm. (c. 150 ') at 500 nun. From Hr 
and ethyl-benzene at 140° (Radziszowski, B. 6, 
492; Berthelot, C. It. 07, 328; Anschutz, A. 
235, 328). Formed also by passing HBr into 
cooled phenyl-methyl-carbinol (Engler a. Bethge, 
B. 7, 1125). Partially decomposed by distilla- j 
tion into styrene and HBr. ■ 

w-a-Di-bromo-ethyl-benzena j 

Ph.CHBr.CH.Br. [74°]. (140 r ) at 15 mm. 1 

Styrene di-bromide. 

Preparation.— 1. From styrene (10 g.), ether 
(26 g.) and bromine (17 g.) (Blyth a. Hofmann, 
A. 63, 306; Zincke, A. 216, 288). -2. From liot 
ethyl-benzene and Br (R&dziszewski, B. 6, 493; 
Friedel a. Balsohn, Bl. [2] 35, 65). 

Properties. - White plates or needles (from 
80 p c. alcohol). V. e. sol. ether, benzene and 
glacial HOAc, v. sol. alcohol or bwzoline. 

Reactions.—1. KOAc and alcohol nt 160 ' 
gives chicily 0-bromo-styren# (150MG' V ’ at 4 
76 mm.).—2. KOAc «.nd glacial HOAo jgives 
chiefly the dia«vtate of phenyl-glycol, 
Ph.CHfOAcJCH^OAc).—3. Alcoholic KOH or 
water at 190° give a-bromo-stvrene (Glasir, A. 
154, 154).— 4. Gives !*hC!I(6ll).CU,(OHj by 
treatment with AgOAc, alcohol ai. 1 AgOBz, or 
aqueous K^CO,. AgOBz in presence of toluene 
forms Ph.CH(0Bz).CH 2 (0Bz).—5. Benzene and 
" “ giva j-di-phenyl ethane (Anschtttz, A. 
* 8 ). 


Trl-broao-etbyl-bease&e O.ELCHBr.GEtBr, 

g 8°l. From «-bromo*ityren* and Br (Fittig a 
inner, A , 195, 142). Acted upon by bensene 
and AljCl, in presenco of CS a , it is converted 
into s-tetra-phenyl-ethane [209 3 ] (A.). 

Tetra-bromo-ethyl-benzene C.IIJir,. From 
di-bromo-ethyl-benzene aud Br (Kinnicutt a. 
Palmer, Am. 5, 387). 

Fenta-bromo-othyl-benzene C„H.Br k . From 
ethyl-benzene, Br, and AJ.Ur e v Gustavsen, Bl. 
[2] 30, 22). 

Di-bromo-diethyl-benzen* C„II .(CUIJlr)*. 
(200’-230 ) at 30mm. From bromo ethylene, 
benzene, and Al..Cl„ (Munriof a. Guilbort, C. It. 
98, 525). 

Bromo-tetra-ethyl-benzene C^I^OJl^^Br 
(284° imeor.). Heavy liquid (Gallo, B. 16,1745). 

Di-bromo-letra-othyl-bonzono C 6 (C 2 J I J,Br a . 
[75°]. (above 830°). Prisms. V. sol. alcohol 
(Gallo, B. 16, 1745). 

BR0M0-ETHYL-BR0MIDE v. Di-bromo- 
KT1IANK. 

BROMO - ETHYL BROMO - ACETATE v. 

Bkomo-acktio acid. 

BROMO-EThYLENE CJI,Br i.e. CIIBr:CH r 
Vinyl bromide. (16°). S.G.1*5167 (Ansehiltz). 
Formed by the action of alcoholic KOI! upon 
either di-bromo-elhano (ltegnault, A. Oh. [2j 
59,358; Beilsteiu, J. 1861,609; Glockner, A. 
Sup/d.7, 109; SemonolT, J. 1861, 480). Formod 
also from acetylene and HBr (Hoboul, 0. R. 
74,947). Gas or liquid; when kept in a sealed 
tube and exposed to sunlight it changes to an 
amorphous polymeride, insol. water, alcohol, 
and ether; S.G. 2*075. This substance carbon¬ 
ises when heated (Hofmann, C. J. 13, 68; Bau¬ 
mann, A. 163, 308); it is not affected by boiling 
alcoholic KOH. Polymerisation is arrestod by 
the presence of Mel or EtI, but not by ehlo. 
rinated or brominated hydrocarbons; a little I 
Ft<q>s polymerisation of the liquid, hut not of 
the gas. An line arrests, but promotes, the 
chatigo (Lwow, BL [2j 35, 169). 

Reactions.—1. Split up into HBr and acotyl- 
ene by alcoholic KOH, NuOKt, NaOO A ll n , or am¬ 
moniacal AgNO a (Sawifseh, Bl. 1861, 7 ; A. 119, 
185; Miasmkoff, Bl. 1861, 12; A. 118, 330).- 
2. Cone. HBr at (# y forms .s-di-bromo-cthano; a 
more dilute acid gives M-di-bromo-ethuno (Ro- 
boul, A. 155, 29, 212).—3. Fuming HC1 at 100° 
forms CHj.CIIBrCl.— 4. Cone. V H at 4° gives 
CHyCHP'T; at 100" it forma also Cii a l.CH,Br. 
(It.). ~ 6. Aqueous solutions of melallio 
salts either have no action or split it up 
into acetylene and HBr (KutseherofT, B. 14, 
1532; Linnemunn, A. U 3, 347; Haytzeff a. 
Glinsky, Z. [21 3, 675). 6. .due a-ssive treatment 
with cone. If 2 N0 4 ftmI water forma crolonio aldo- 
hyde (Zincke, A. 19'. 370).- 7. Aqueous BrOH 
ai 0 J gives CHBr,.< if.OH, CllBr 2 .CH,Br, and 
GlIjBrO, [40 '-45 j 00 f (Demole, B. 9, 49).— 
7. Dry orytjen at 2.i' has no action.—8. IC1 
forms CHBrI.CH 2 Cl and a less quantity of 
CHI.CHBrCl (Henry, C. It. 98, 680).-9. With 
benzene and A1,C1, ; it produces styrene, ethyl- 
benzene, w-di-phenyl ethane, and di-methyl- 
anthrucene dihydride (Anschutz, A. 235, 331). 
If elevation of temperature be avoided and the 
A1*C1, bo slowly added the product* are 
C.H^igBr and C^^H.Br), (Hanriot a. 
Guilbert, C. R. 98, 625). 





WO BHOMO-BTHTLENB. 


i-Dl-bromo-ethylsns 0HBr:CH3r. AcetyUnt 
Hbramidt. (110°-111°). S.O. ‘i* 2-2714 (An- 
echiitz, A. 221, 141); « 2-268 (SabanAeff, B. 9. 
1441; Plimpton, C. J. 89, 536); U 2 223 (S.). 
V.D. 6-47 (calc. 6-44). —Formed by mixing acetyl¬ 
ene tetrabroinide (100 g.) with alcohol (20 g.) 
and adding zinc dust slowly, with cooling (A.; cf. 
Sabanfcff, A. 216, 252), 

Properties.— Oil; docs not polymerise. 

Reactions. —1. Heated for several dayB with 
60 pta. ot water at 135°, it is not affected. — 
2. Heated with dilute KjCO,, bromo-acotyleno 
is formed, which is spontaneously inflammable. 
Alcoholic lQ))f and aqueous KCy also form 
bronio-acetylcne.—-31 Heated with dry KOAc at 
160° for two days it forms CIIHr:CIl(OAc), the 
acetate of bromo-vinyl alcohol (SabanAeff, lit. 
[2] 41, 253). —4. Heated with AgOAc and a 
little IlOAc at 1011° it forms a compound 
C.,H.,Ilr..2Ae()Ac. This is decomposed by 11(11 
with evolution of acetylene.-5. Combines with 
AgNO,.—6. With alcoholic KCN it forms a com¬ 
pound which, on saponification, gives an acid 
0,11,0, [103 o -16H“]. Its silver salt isC ( II,Ag.,0, 
(8.).-7. Alcoholic KOi'h gives CHBr.CHOPh. 
(e. 223"); S.U. 18 1-185.--8. With alcoholio 
NM«, at 120" it forms NMo.Br, NMe,UBr, 
NMo.,H.,ltr, and carbonaceous bodies: 

‘ 2NMc, + C..1I .Hr, = 2NMe,HBr + C, 
(Plimpton, C. J. 39, 536). —9. With NF.t, it 
acts similarly. —10. Acts upon benzene in 
presence of A1,C1, forming CHIlr,.CH,Br, 
anthracene, and CHjPh.CH.Ph (Anschutz,’ A. 
235, 153). 

M-Di-bromo-othylcne CBrsCIL. Acctylltene. 
dibromitle. (92°) at 751 mm. in CO s . S.U. 
2-17HO (Anschutz), From CHBr .CII Itr by 
treatment with alcoholic KOI 1, MU Hit, sodium, 
or solid KOll (Caliours, It. 31, 293; Fontaine, 
V. It. 70, 13111; Sawitsch, A. 119,183; Pchoul, 
A. 121,270; TinvildarolT, A. 1711.22; Michael, 
Am. 6, 192). From (Mir., .011,Hr ny bdtling with 
alcohol and KOAc (Demole, lit. [2J 29, 2(15). or 
by treatment with zinc and alcohol (Sabanccff 
A. 216, 255). Also from C1I Cl.ClIUr. and at- 
eoholiu KOll (Henry, 111. [2] 42, 262). 

Properties.— Pungent liquid, attacking the 
eyes, lteadily absorbs oxygen, changing to 
bromo-acetyl bromide. Polymerises with groat 
ease, becoming solid. 

Jte ... 1 j•,:..uij.llUrO formsCBr s .CO.CII..CBr, 
[90"). S.O. J2-8H (Demolb, if. 11, *1710).- 2. 
ikmzonn and At,Cl, give u-di-phcnyl-cthylene 
(Anschutz, .4. 233, 158). 

Tri-bromo-ethylene CHBnOBr,.. (103 o -lfil"). 
8.0. ” s 2-708 (S. a. II.); s pop (iV-molo, if. 11, 
318). From di-bromo-ethyleue lu-omido and 
alcoholic KOH (Ticnnox, .4. 122,125). 

Preparation. — Acetyleno tetra-bromido (1 
mol.) is dissolved in tfvico its weight of alcoholr 
and (somewhat move than 2 mots, of) KOAo and 
Ns,CO, (1 mol.) are added; the mixture is 
heated on a water bath 24 hours with inverted 
condenser (Sabunoeff a. Dworkowitsch, A. 216, 
280; cf. SabanAcff, A. 178,122; 111. (2) 29,207). 

Reactions. —1. Alcoholic KOH or Zn and 
llOEt give a mixture of C,H, and C-HBr.— 
2. Alcoholio KOPh at 100' forms phenyl di- 
bromo-vinyl oxide.—3. Alcoholic KOPh at’ 170° 
forms the phenyl derivative of glyoxylie acid. 


PhO.CHj.COjH.—4. Besots upon benxene fa 
presence of AljOl, piodneing w-di-phenyl-ethyl- 
cne and tn-phenyl-methane (Anachiitz, A. 236, 
336).—6. Absorbs oxygen,becoming CHBr~OO.Br 
(Demole a. Dun, B. 11, 1302). 

Tri-bromo-ethylene (C,HBr,)j. [174°]. A 
by-product in formation of C.HjBr, from acetvl- 
eno (Saband-cff, A. 178,114), 

Tetra-bromo-ethylene G,Br,. [64’J. (216°). 

Formation.—1. By the action of Br on alco¬ 
hol or ether (Lowig, A. 3, 292).-2. From 
C.,HBr s and alcoholio KOH (Lennox, A. 122, 
126).—3. From CII,CI, and IBr, (Holand, A. 
210, 234). -4. From CBr, by heating at 220° 
(II.).—5. From di-bromo-snccinic acid, Br, and 
water at 190" (Bourgoin, B. 7, 1644). 

Properties. —Plates; volatile with steam; no. 
affected by oxygen oven at 216° (D.). 

BROMO-ETHYL-ETHER tt. Bkomo-etu vl 

OXIDE. 

BROMO-ETHYL-KAIRINE t>. Ethyl ether 
of Promo.(/ f. 4)-oxv-(/f. 4)-ETllvi.-QriNuLI.NR is* 

TIUnYURIDE. 

y-BEOMO-ETHYWMAlOSIC ACID 

CJIjBrO, «.«. Br.CH.,.CHj.CH(CO.,H)j. [116°], 
From vinaconio (tri-methylene cli-curboxylio) 
acid and HBr (lliidor, A. 227, 19; Perkin, jun., 
C. J. 47, 814). 81, sol. benzene, CS- or light 
petroleum, sol. chloroform. Boiled with water 
it gives the laetono of -y-oxy-etbyl-malonia 
acid ( q . v.). 

Bromo-ethyl-malonic acid 
CHj.CHBr.CH(CO,H), (?). [111 0 ]. From crot- 
aconio acid 0,11,0, and HBr (Claus, A. 191, 79 ). 

TBIBBOMO - (a) - ETHYL - NAPHTHALENE 
C| 0 H,Br,.C.H,. [127°]. Slender needles. Pre¬ 
pared by the action of bromine on (a)-ethyl. 
naphthalene (Carnolutti, B. 13, 1072), 

BROMO ETHYL (ft) NAPHTHVL ETHEB v. 
($)■ NAeitruoi,. 

•wa-BBOMO-DI-ETHYL OXIDE 

ClI.Br.ClI..(lilt. (128 ). 8 . 0 . 2 1 - 371 . y.D. 

5'29 (calc. 5-28). From the iudo- compound and 
Br (Henry, C. R. 10 ( 1 , 1007). 

Di-w-bromo-di-ethyl oxide CH.Br.CHBr.OEt. 
From Br and vinyl ethyl oxide. ’ Very unstable 
liquid. NuOEt gives CH.Br.CH(OEt), (Wisii- 
cenus, A. 192, 111). 

Tetra-bromo-di-ethyl oxide C,H,Br,0. A 
fuming liquid obtained by saturating ctb’ylidens 
oxychloride with Br at 120° (Kessel, 11. 10,1667). 

Octo-bromo-di ethyl oxide C.HjBr.O. (c.134 0 ) 

• a* 160 mm. By heating ethylidene oxychloride 
with Br for 10 hours fn.iu lOOM-dlO" (Kessel, B. 
10, 1667), Fuming oil. 

Esa-ero - DI. BKOMO 0 -ETHYL . PHENOL 
C,H,Br(CjH,Hr)0[I. From o-ethyl-phenol and 
Br in the cold. Decomposed by distillation into 
HBr and C,H,Br(CjH,)Oii (Suida a. Plohn, At. 

1,175). < 

^n-bromo-(a)-ethyl-phenol C,HBr,Et.OH. 
[55°j. Formed, togotber with the following 
Body, by treating (oj-ctliyl phenol with excess ot 
Br in the cold (Fittig a. Kiesow, A. 156, 251). 

F.so-cio- Tri-bromo-ethyl phenol 
C.IIjBrjOHI.CHBr.CHjBr. [108 ], Long white 
needles. Obtained by the action of alcoholio 
KOH upon C,HjBr(OH).CHBr.CIIBr.CO,H, ths 
product of the action of bromine upon p coa- 
maric acid. 



BROMO-FLUORESOEDT. M 


AcityldtrivaUvt OjHjBrfOAoj.CjH,^,: 
CM 9 ]; ntedlas (Eigel, B. 20, 2535). 

T«tr»-Bromo-ethyl phenol 0,Br,Et.0H [108°] 

<e ' BROMO- TETRI - ETHYL. PHOSFHONIUM 

BROMIDE CHjBr.CUj.PEtJir. [235°). From 
PEt 3 and ethylene bromide in the cold (Hofmann, 
Pr. 9, 287; A. Sttjwl, 1,154). Rhombic dodcca- 
hedra. 

Jteaetions.— 1. Moist silver oxide gives 
CH. <! (OH).CH..PEt,.C)lI (difference from corre¬ 
sponding derivatives of AsEt 3 and NEt a which 
give vinyl base).—2. With silver acetate and 
water at 100° it gives acetate of the vinyl base 
CgHjPEtj.OAc. — 3. Zinc and H a S0 4 give 
tetra-ethyl-phosphonium bromide.—i. Alcoholic 
jxitash has no effect.—5. Combines with PEt„ 
AsEt s and Nil, forming di-acid bases. 

Salts.—(C 3 H 4 Br.PEt 3 Cl). a .PtCl v Palo orange 
monoclinic prisms, si. sol. cold, v. sol. hot, water. 
—(C.,H 4 Br.PEt ; ,Cl)AuCl s .—CJt.Ur.PEt,!. 

Hydroxide. - C.JI.lir.PKl,OH. From the 
sulphate by the action of baryta. Unstable, 
rapidly changing to C.FLOH.PKt 3 OH. 

BROMO-ETdYL-QUlNOLINE 
C w H tt (C.JI 4 I3r)N. The hydrobromido is formed 
by beating quinoline with ethylene bromide.— 
B'JIBr: thick needles.—(B'JLCyPtCl^ orange- 
yellow needles (Berond, B. 14, 1349). 

DI-BROMO-DI-ETHYL SULPHATE 
(CH i Br.CII J ). i .S0 4 . An oil formed by warming 
Ag„S0 4 with benzene and ethylene bromide 
(Beilstoin a. Wiegand, IS. 15, 1309). 

Bromo cthyl-sulphuric acid 
ClLHr.CU..0.S0 3 H. From ethylene bromide 
and 1S() ; , (Wroblewaky, 180s, 503). Ba.XA..— 
PbA' 2 3a<|, scales. An isomeric acid appears to 
be formed by beating ethylene bromide with 
Ag..S0 4 and water (B. a. \V.). 

BROMO-ETHYL-THIOPHENE 
C 4 8H,(C,.H 1 )Br. (195° uncor.). Oil. Formed by 
shaking ethyl-thiophene with bromine-water 
(Demutli, B. 19, 684). 

Di-bromo-(/j)-ethyl-thioplieneC 4 SUBr,(CdI i ). 
Oil. Formed by adding 2 mols. of bromine to 
1 mol. of (/3)-fcthy]-thiopheiiG dissolved in acetic 
acid (Bonz, B. 18, 650). 

Tri-bromo-(8)-ethyl-thiophcno C,SBr s {C JI,). | 
[108°]. White plates. SI. sol. cold alcohol and j 
ethor. Formed by complete bromination of | 
(/3)-ethyl-thiopheno (Bonz, B. 18, 549). 


[91°]. From •tbyl-w-xyltno (187°) 
(Anschutz, A. 235, 824). 

BR0M0-EUGEN0L O.H,Br(OMe)(OH)0,ff 4 . 
Methyl ether O v H r Br(OMe) < . (190°) at 
20 mm. S.G. 2 1*396. From the dibromide, hot 
alcohol, and Zn (Wassemmnn, (J. li. 88, 1200). 
Di-bromide C w H,Br 3 (OMc) 2 . Dimethyl ether 
of di-bromo-dioxy-propifl-bcn:ene. (78°). From 
Br and a well-cooled solution of mctbyl-eugenol 
intdher. Silky needles. 

! Ethyl ether CJI Br(OM«*)(OKl). [48°]. 

' Prepared by the action of alcohol and Zn on its 
dibrotnido (Wnssermnnn, 179, 385). Di- 
j bromide C„ll ; Br,((JMe)(OEt). • [80 J. From 
; ethyl-eugcnol and Br. * 

Di-bromo-eugonol C 0 IIIir(OMe)(OlI)(C,II 4 ). 
[59°J. Glistening hexagonal prisms. V. sol. 
alcohol. Formed by boiling au alcoholic solu¬ 
tion of tho di-bromide witU zinc-dust (Chasa- 
nowitz a. Ilell, B. 18, 824). 

Di-bromide CJIBr.^OMoHOlD^H.Br,). 
[119°). Glistening quadratic or trimetrio tables. 
Sparingly soluble in ether and cold alcohol. 
Formed by bromination of cugenol. 
BR0M0-FLU0RENE 

O.JI.Br U. ( \j r >CH,. [102 s ). From 

lluorene, C1IC1 3 and Br in the cold (Hodgkiuson 
ft. Mattliews, C. J. 43, 165). Needles (from 
alcohol). V. sol. CIlCIj*. Oxidises to bromo- 
di-pbenylene ketone. 

(a)-Di-bromo-fluorene 

OJIffir. i.e. <c”u'Sr> C I 1 -- Di ’ *"»*>-*• 
phenylcne-methane. [165'’) (Iturhier, A. Ch. 

■ 1.5] 7, 479; llodgkinson a. Matthews, G. J. 

13, 161). Got by adding bromine to a solution 
: of lluoreno in CIICI,. Monoe.linie crystals, 
j a\b:c = 1*167:1:1*065 ; fi -• 77° 52' (Arzruni, Z. 

\ Kriht. 1, 621). Sol. boiling alcohol. Turned 
; yellowish by light. Cr0 3 gives di-bromo di* 
j plienvlenc ketone. 

| yfhPphonic acid 0 l3 H l Br 3 S0 3 H. [112°]. 

; Formed by sulphonation with Cl*S0 3 ll in GHCl a . 
- BaA\. 

(fl)-bi-bromo-fluoreno G,,II h Br 2 . [163°J. 
Formed together with the preceding (Fittig a. 
Schmitz, A. 193, 131). Monocliniocrystals; 
a:b:c - *563:1:*697. 21' (A.). Readily 

changes into two isomeric modifications (t) 
and (5) (Lehmann, Z. Kryst. 1, 026). 
Tri-bromo-tiuorene 


BROMO-o-ETHYL-TOLUENE C ti H 3 McEllir j 
[1:2:4]. (221°). Formed by bromination of o- i 
ethyl-toluene in presence of Fo.Br,,. Liquid, j 
By HNOj (1*1) at 2<»0 V it is oxidised top-bromo- i 
o-toluic acid [118 j (Claus a. Pieszcek, B. 19, 
3088). 

Bromo p-othyl-tolueno CJf.MoBrEt [1:2:4]. 
From p-etliyl-toluene and Br. Oxidised to bromo 
p-toluic acid (Morse a. Itemseu, JJ. 11, 221). 

twi-Di-bromow-ethyl-toluefo • 

C,H 7 .CHBr.C’iLBr. L 15 0 ]. Formed bp the 
combination of m-tolyl-ethylene (w-ne'thyl- 
•tyrene) with bromino. Colourless crystals 
(Muller, IS. 20, 1216). 

Tri-bromo-di-ethyl-tol*iene C.BrjMoEt,. 
[206°]. From (1, 3, 6)-di-ethyl-to.ueue (Jacob¬ 
sen, B. 7, 1435). 

TBI-BROMO-ETHYL-XYLENE C,Br,EtMo a 
f8;5;0;l;2:4]. Tri- bromo di-methyl-ethyl-bem- 


C„U ; ]3r, i.f. [102'’]. From 

fluorene (1 mol.) in CS 2 and Br (3 mols.). 
Oxidised by CrO, to (fl)-di-bromo-dipheuylene 
ketone tit.). 

DI-BROMO-FLuORESCElh C.JI 10 Br 3 O a . 

[26027U : ‘J. From fluorescein (1 mol.) und Br 
(2 mols.) in HOAc (i'aeyer, A. 1H3, 1 ). Reddish- 
brown needles with. g. eeix reflex. Byes wool and 
silk salmon-pink. 9 

Di-acctyl derivative C 3U I ^hcJir^O^ 
[210 ]. 

Tetra-bromo-fluoresce'in 


cji.Br.o, i.«. o<[ : ;, i ;:; ; {[;;;;>c< c «[ i ‘>co. 

Eosin. Formed by adding Br to ft solution of 


fluorescein in HOAc. It is purified by conver¬ 
sion into the K salt (Baeycr, A. 183, 38), 
Prepared by dissolving fluorescein (L mol.) in 





m 


BROMO-FLUOHESCElN. 


NaOHAq, *d«ling a solution of Br (4 mols.) in 
NaOHAq, and acidifying. Orange needles (con¬ 
taining HOEt) (from alcohol), or flesh-coloured 
crystals C. w H s IJr 4 0, (from dilute alcohol contain¬ 
ing IIC1). Tetra brotno fluorescein is v. si. sol. 
water and benzene; its alkaline solutions are 
pink and show strong yellow fluorescence, they 
dye wool and silk pink. Zinc-dust and KaOlf 
reduce it to a leuco- compound, which is reoxi- 
dised by air. Potash-fusion forms di-brdmo- 
rcsorcin and di-bromoresorcin-phthale'in. Cone, 
if.,HO, forms CJfJirO 10 . PCI, forms 
C.^H.ClJlr 4 0,. Sodimn amalgam forms fluor¬ 
escein. Winning with cone. KOI I gives a 
deep blue solution V I it ace HC1 pps. unstable 

0 <c;lmr“(oll> c(0,I)C - 1I ‘ C0 ^ 1 - 

Salts* — K.(C, o n i| Br 1 0 1 ) 5aq. S. 50.— 
KjA"HOEt.~ (Nil,) .A". — BaA"2aq.— CaA'Maq. 
--Ag a A"--(HOPb)A". 

Methyl ether C M H 7 McBr,O v Methyl 
erythrin. 

Ethyl ether C. :il H ; F.tBr,O v Erytluin. 
Spirit-soluble rosin. From K a A", KF.tSO,, and 
alcohol at 150 ’. From fluorescein, boiling alco¬ 
hol and Br. Bed crystals (from alcohol). 
Formed, together with a colourless ethyl-oosin, 
by heating silver rosin with Ftl and alcohol at 
100°. - KC. J0 lI |j FtHr 1 0,uq: dyes a more violet 
shade than eoain. 


Properties.— Laminae; ?. e. sol. water, f. 
sol. alcohol and ether. At 200° it changes to 
bromo-maleic acid or its anhydride. Sodium- 
amalgam forms fumaric acid. Br gives tho 
same tri-bromo-suecinic acid as with bromo- 
maleic acid. Fuming HBr combines slowly in 
the cold ; at 100° it quickly forms iso-di-bromo- 
succinic acid. With its equivalent of aniline it 
unites immediately to form the acid aniline salt. 
This docs not give an anilide on standing for 
weeks in contact with cold water. On boiling 
its aqueous solution the same substance is 
obtained as on heating aniline bromo-maleate, 
viz. C, (i ir i2 N./)... [230'*] (Michael, Am. 9, 180). 

Salts. — Ag..A".— PbA" 2aq. -A"H(NH 3 Ph): 
[154'J (Michael, ft. 19, 1373). 

I) i in e t It y l ether A"Me a . [30 'J (Anschiitz, 
B. 12, 2281). 

Di-bromo-fumaric acid 

COJI.CBriCIlr.CCXH. [220']. Colourless crystals. 
Prepared by the addition of bromine to acetylene- 
dicarboxylic acid. On distillation it is con¬ 
verted into dibromomaleic acid [108°]. 

»S a 11 s. —Ag.A" -Jaq* - PbA" (Bandrowski, B. 
12, 2213). 

(8)-BROMO-FURFURANECJJ : ,BrO. (100°). 
From the corresponding bromo-pyromucio acid 
by distilling with lime (Canzonori a. Oliveri, C . 
17, 42). Heavy oil. 

(a)-Di-broino-furfurane C,H_Bi\0 i.c. 


Bi-ethyl ether C 3 J1 J’t.Br t O s . From 
Ag.A" and Ktl. 

Acetyl derivative C. 0 II, i Ac..Br l 0 6 (?). 
[278-]. 

BR0M0F0RM CIIBr,. Tri-bromo ■methane. 
Mol. w. 253. [8°]. (151"). 8.U. ? 2 8311 (T.); 

2-9045 (Perkin, C. J. 45, 533) ; T; 2-8842 (P.). 
C.K. (0 ' 10) -000944 ; (O '. 100 ) *0010110. 
H.V. 103*53 (Thorpe, C. J. 37. 203). M.M. 
11-020 at 17*9 J (P.). V.B. 803 (calc. b*75) 
(Cahours, A. Ch. 13] 19, 481). 

Occurrence.— In crude bromii^i (Hermann, 
A. 95, 211 ; Dyson, G. J. 43. 30). f 

Formation. —1. By the simultaneous action 
of Br and KOll, or of ‘bromide of lime,’ on 
alcohol or acetone, or by decomposing brumal 
with alkalis (Lmvig, A. 3, 295; Pumas, A. Ch. 
[2] 60.120; (itinther, Ar. Eh. [3J 25, 373). 

2. From Cl 1X1, and IPr, (H.ilaml, A. 210, 230). j 
lieactions. —- 1. Alcoholic KOll forms CO 
(3 vols.J and ethylene (1 vol.) but no formate: 
(Long, 2. Itr in presence of dilute' 

KOll in mm light forms (’fir, (HSl jermann, B. j 
fl. 549). 3. Reduced to CU, by KI, water, and j 

Zn or Ou (Berthelot, A. Ch. [3] 61, 48) or by the j 
copper zinc couplo {Gladstone a. Tribo, C. J. 
2N, 510). 

BROMO - FUMARIC ACID C,HBi(COJT) r 

IW°J- . , 

Formation. —1. From iKo-dibroir.o-succinic 
acid by heating at lHQjj 1 or by boiling with water 
IKokuK, A. Suppl. 2, 91; A. 130, l).-2. From 
ai-bromo-Micctnic acid and water at 140' 
(Bandrowski, B. 12, 315).— 3. By dissolving 
acctylene-di-carboxylie acid in strong aqueous 
HBr (Bandrowski, B. 15, 2097).-4. From (83)- 
dibromopyromucic acid and from (B)bromo- 
pyromucic acid by dilute UNO, (Hill n. Sanger, 
A. 232, 82, 01). 5. From bromo-maleic acid 

and cold fuming HBr (Fittig a. Petri, A. 

m, G7) 


no cBiv 

| > 0 . [10°]. (03 •) at 15 nun.; (1G5°) 

IIO C13K 

at 701 mm. Formed by adding bromine to 
an alkaline solution of (5)-bromo-pyromucio 
acid [181']. On oxidation it gives fumaric and 
maleic aeids. 

Tctra-bromide C,1I .l>r„0: [111°]; by long 
boiling with water it yields hrumn-futuaric ami 
bromo-mali :o acids (Hill a. Hartshorn, B. 10, 
1132 ; B. 18, 118 ; A. 232, 53). 

( 0 )-Di-bromo-furfurano<^J|j.;|,||^O. ( 100 °). 

Formed by distilling di-bromo-p\ronmcic acid 
(l pt.) with Ca(Oll), (2 pts.) (Cniizoiteri a. 
Oliveri, tl. 15,110). 

Tetra-bromo-furfurane C 4 Br,0 [05 ‘‘j. From 
( 87 )-di-bromo-pyromucio acid, or from tri- 
broino-pyromucic acid, water and bromine va¬ 
pour. Formed also by tho action of alcoholic 
KOll on di-bromo-furfurnno tetrabromido (Ilill 
a. Sanger, A. 232, 80, 90; B. 10, 1132; 17, 
1700 ). 

* Di-bromide C,Br„0. [123°]. Six-sided 

plates. V. sol. ether, m. sol. alcohol and benzene, 
i By boiling with water it yields di-broiuo-maleio 
acid (Hill a. Hartshorn, B. 18, 450). 

BR0M0-FUR1L ». Kuril, 

BR0M0-GALLIC ACID v. BaoMo-TRi-oxf. 
henzoic acid. 

’ TRIBROMO-GUAIACOL C r H.Br,O a i.e. 

C d H^r a (OMc)(OH). [102°]. From guaiacol and 
Br (Ticmann a. Koppe, B. 14, 2017). 

BR0M0-GUANIDINE ClI.BrN,. From 
gnanidino carbonate and Br (Kamenski, B. 
11, 1G00). Needles; detonaies just above 100°. 

BROMO-GUANINE C s H,N s OBr. From 
guanine and bromine, crystallised from water, 
i White powder. SI. sol. boiling water, insoL 
| cold water, alcohol or ether.—BH01. Prisma. 



BROMO-HEXOIO AOID. ®7i 


Converted by NaNO, into bromo-xanthine 
(Fischer a. Reese, A. Ml, 841). 

TEIBROMO-HEMIMELLITHOL v. Tri- 

»bomo-tri.mkthtl-brn7.kn t k-(1:2:3:4;5;6). 
BEOMO-HEPTANE v. Hr.l’TYL bromtde. 
Di-bromo-heptane C ; H,,Br.. lleptylcmi 

bromule. S.G. 'A 6 1*51 5. From heptane of 
paraffin oil. Deemupuivg at 150 -5 (Thorpo a. 
Young, A. 1(55, 12). 

Di-bromo-heptanc C ; H (l Bi\ (211°). From 
heptane in the oil of Pin us ;-nbi:i:n ;:</ (Venable, 
A. C. J. 4, 22). 

Di-bromo heptaneCM ' 3 .CM< !h\OH r»r. From 
penta-methvl-ethyl aleoh.d ami PBr,. Easily 
fusible solid (Ivasehiivki, C. C. 1^81, 278). 
Di-bromo-heptauo 

Cn s .CIIj.CH,.CII ;t .CH,.ClI,.CHnr,. lfeptylbhne 
bromide. From anianlhol and PCI, Hr. (Bruy- 
lants, B. 8, 4(K»). 

Hexa-bromo-heptane C.TTj.Jh^. From hep- 
tonene and llr. Oil (Savt/.elT, .1. 1S5, Ml). 

a-BROMO-HEPTOIC ACID C.ll,,BrO, 
CH r ClI. r CII,.CJI..Cir..CIlBr.COJf.(2:»tr).Frtui» 
Br and heptoir; aei«l (('ahoiirs, .1. Supsd. 2, *3; 
Holms, P. 8, ll«is; Hell a. Srlmle, /»'. 18, 

K tlntl ether Ft A'. («*. 225'). S.G. 'V 1211. 
TETRA-BROMO-HEPTYL ALCOHOL 
C,H 18 Br 4 0i.f\(CH Br.CIIIlr.rHJ.CH.Ull. Fr.-m 
di-allyl-carhinol and Ur pM. Sayt/.elT, A. 185,135). 
Oil. 

Acetyl derivative C I[,,!*.r,OA»\ Con¬ 
verted by AgOAc into C.II,,0\< >Ae) ;t , S.(». Jj 11 •”» 0 , 
whence baryta forms a syrup C,H n O(OH) 3 
(Dieff, J. pr. [2] 35, 17). 

BROMO-HEPT YLENE C.TT^Br. (15M>). 
From the heptyleno bromide of Ycnatde. 

Bromo-heptyleno C.lf M Br. (105 ). From the 
heptyleno bromide of Urn y hints. 

BROMO-HEXADECANE r. Ciityl bimmii.k. 
Di-bromo-hexadecane CJ1, llr.. Crtme bio. 
viidc. [13A }. Colourless crystalline solid. 
Formed bv addition of Hr. to tvteno (IvralTf, U. 
17, 1373).* 

BROMt 'IEXANE v. Ih xyj, ki:omu>k. 
Di-bromo-hexaue C. II. Hr. i.e. 
CH,.Cll : .CH..Cimr.Clir»r.crr i . (190) at 710 
mm. S.G. V:' 1'5809. From the mrre.-j>-»n lit*.* 
hexylene (Erlcnuv’yor a. Wunklyn, .1. 135, 111 ; 
cf. ilecht a. St.: «, A. 172, 09 ; Ilecht, /;. 11, 
1123). 

Di-bromo-hexaneM>‘ CHr.CIlrMe.. [170 ;• {K.); 
[14(Fj (K.). From Me,C:OMe 2 and Hr. Needle* 
(from ether). Ci»nv« «t« d by heating with water 
and PbO at 150' into pinaeolin (I’awlow, A: 
120, 121; FilekolT, J. II. 10, 220; K.i.-i:ltir»k\, 
J. 11. 13,81). 

Di-bromo hexane M^.C.CIIHr.ClI Hr. Ji.-m 
Me,C.CH:ClF. (hy-t.nline (Fried*! a. Silva, lit. 
[2* 19, 2■•*‘.0. ’ 

Di-bromo-hexan*e C„H, 2 Ijr 2 . (21M). From 
hexane of petroleum (F* louze afCahours, A. 121,• 
293). ; 

Tetra-bromo-hexane C a II J( ,Br 4 . 2)iuUyl- 
tetra bromide. ;03°J. From diailyl and Hr ; 
(Wagner a. Toil* ji-s B. 0, 588). 

Tatra-bromo-hexano C a H.,Br 4 . 1 12°]. From j 
iodo-hexylene and Hr (Boucbardat, Z. 1871, l 
898). | 

T.tra-bromo-henne From hoii- 

pH, derived bom mannito {Ilecht, J3.ll, 1054). , 


Tetra-bromo-hexaae 0,H„Br,. From hezi. 
none from di-methyl-»Ilyl-o»rbmyi chloride 
(Saytzeff, B. 11, 2152). 

Tetra-bromo-hexane CLH ( ,Br,. [112 ]. (818° 
cor.). From hoxinono derived from coal-tar 
{Schorlcmmcr, A. l.'tll, 250). 

Hexabromohuxane C,H.llr.. From di- 
nllvlone (Henry, Hit. 1 , 100 ). 

Hcxa-bromo hexane OJl.Hr,,. [77°]. From 
di-ffromo-diallyl (Henry, it. 7, 20 ). 

Hexa-bromo hexano <', ! I^H. 152). From 

in v! iodide and Hr at 1 HO 1 (Meiv. a- Weilli, 
It. 11,2250). 

Hexa-broino hexane (\IIJIr.. Tiom iiexnno 
and Hr at 125 1 (Wahl, li* To, Fill). 

Orto bromo hexane C.ll.llr,. Fiom In sane 
and Hr (W.). 

Octo-bromo-hcxano C u Il,r»r h . [135 ']. From 
: .src-hexyl iodide and Ur at 130 ’ (M. a. \V.). 

Octo-bromo-hexano C il ll,Hi\. lHproparyyl 
octobromule. [Ill 'j (Henry, fi. 7, 21). 

BROMO-HEXENOIC ACID C H„UrO.. Di- 
bromo-hydrosorbiciteid. [95 ,J ]. From .sorbic’acid 
and Hr. Lamina' (Fittig a. Kachel, .1. 108,287). 

DI-BROM0-HEXINEN E C„11 „ 1 ir,. I>i hroma- 
dialhjl. (21t) ). S.G. 1“ l t»5(». Fromdinllyl-tetra- 
bromide and solid KOJl (Henry,./. pr. |2J 8 , 57). 

Totra-bromo-hexinone C.lljlr,. Pmpnrenjl 
tetrabroiniile. S.G. 2 -101. Idquiil (Henry, B. 
0, 959). 

o-BROMOot HEXOIC ACID 

Cl fj.C 11_.C 11 ...Cl I..(’ 11 Hr.( *G J1. Bromo-cajnvic 
arid. (210'). From eaproio arid and Ur 
(Cahours, .1. Snppl. 2, 7* s ). 

Kthyl ether Ft A' (205 1 21<T) (Hell, B. 17, 
2218). 

7 -Bromo n hexoic acid 

CH r ('ll 2 .('HHr.CH..C.ll,.COjl. Fr«.m hydro- 
>oihie, or iso-hy*liost*rlm', and and HHr. Oil. 
Sodium-amalgam redu*« s it to n In xoio a ;id. 
Hoiling water converts it into h)dio:.oil>ii 5 and 
o.\}-ht 'oiic ti ids (Fittig, A. 200, 12; iijelt, B. 
15, tilnf 

7 -Bromo-iao hcxoic a; id 
Me CHr.(.Tl r CH s .COJl. 

'Kthyl ether A'Ft. Fornn'd by saturating 
an absolute alcoholic solution of i-vorapvohietotic 
with HHr. By distillation it is decomposed into 
the original laetomsand Ft Hr (1 trod t, //. 19,514). 

Biomo-aexoic acid CJl^BnJ.. [ 81 )' j. From 
iso-pyroterebic aeid and 1111/ , . Prisma. AgA' 
(I ag« rm; , «’k a. Flt*^"iT, J. It. 11. JX. •/. 

Brorao hoxoic acid C„Ii,,Br(> > . [25“]. From 
ethyl-crotouic acid and cone. HI»rA«j. Soilium* 
amalgam forms hydro-ethyl erolonic acid* 
Aqin-ous NaX*l,A*j even *at 0 forma amylono, 
NaHr, an*l C(>». *» 

o/l-Di-bromo-iso-hexoic acid 
Fr.CHHr.CHHr.FO.il [99 From j-yrotero- 
hie acid and Hr(W ‘!. WilliariiK, Ji. 1095; 
Geisler, A. 208, 40). l.alge crystals (from CS V ). 

Di-bromo-hexoic acid CJl,,,Hr.<>... [08°j. 
From sorb io acid and f uni mg HHr. Boiling 
water or alkalis produce sorbic acid, and other 
bodies (ef. iijelt, B. 15, 020). 

Di-bromo-hexoic acid C () H lft BrO ? . From 
hydroaorbic acid and Br in CS-. Liipiid ; de¬ 
composed by boiling water, giving oxy-hydro- 
sorbic acid (Fittig, A. HU, 314 ; 200, 46; Hjtlt, 
B. 15, 019). 




BR0M0-IIEX010 ACTT). 


m 


Di-bromo-hexoio acid C 4 H lt I3r,O r From iso- I 
iorbic acid and HBr. Oil (L. a. E.). 

Di-bromo-hexoio acid CHEtBr.CMeBr.CO a H. 
[98°j. From methyl-ethyl-acrylic acid and 
Ur. Monoclinic crystals, a:b:c** *90:1:1*53.0 = ! 
U'i° (W. Water at 100° forms bromo-amyleue 
CHEBCMeBr, methyl ethyl-acrylic acid, di-oxy- 
hcxnic acid, and methyl ethyl ketone (Lichen, 
a. Zeiscl, M. 4, 78). 

Di-bromo-licxoic acid C,Tf J( ,Br./)» 

From ethyl-crotonie acid and Br. Decomposed 
by cold Na/X),Aq into bromo-amylene, NaBr, 
and CO a (Fittig, A. 200, 35). 

Tetra-broiflo^hexoic acid 0,[183°|. 
From sorbic acid uiifcBr (Fittig, A. 101, 3211; 
10H.277; 200, 58). Monoclinic crystals (from 
alcohol). More stable than the preceding acids, 
not being attacked by water at 100 - Na.V 2aq. 
—On.V„ 7nq. ihi.V., I'.oq. 

DI BROMO-HEXOIC ALDEHYDE C, H l0 Br .0 
i.e. CH,.<:H,.CHBr.CMeBr.<:iIO. I>i-bmm»- 
methyl-jtropyl-arvtic aldehyde. From 1 Sr and 
cold methyl-ethyl-acrolein. Pungent oil. — 
(O ti U lu Br..())NuHS(> ; , 3aq (Lichen a. Zeisel, M. 
4, 10). 

BROMO HEXONENE 0 1( H,Br. Bromo di- 
alh/lene. (150"). From di-bromo di-allyl and 
KOII. Pps. ammoniaeal Ag\O a and cuprous 
chloride (llenry, Jt. 11, 100). 

Octo-bromo hoxoneno O u ISr K . Frum sec-hexyl 
iodide and Hr at 140 3 . Prisms. At 200° it 
splits up info Hr and hexa-hromo-benzenc 
(Mery. a. Weith, If. 11, 2217). 

BROMO HEXYL ALCOHOL C h H n llrl) i.e. 

Cl l : 111 »r.<' 11 (OH).ClLHt. (180"). S.a.1-3. 
Liquid. From hexylene oxide and Br (Henry, 
(’. H. 07, 200; HI. [2] 41, 3(>3). 

Di-bromo-hoxyl alcohols r. I fibroin ides of 
HkXKNYL AT.O'Ilol.s. 


Tri-bromhydrin v. Tri-bbomo-pbopanx. 
p-BROMO-HYDROOARBOBTYRIL (IHJrNO 

/C 2 h,.co 

t.e.C,I£,(Br)\NH/ Nil. £178=1. Loiw 


[178=]. Long 


flat needles. V. sol. alcohol, ether, benzene 
and acetic acid. Prepared by reduction of }}• 
bromo-o-riitro-bydro-cinnamic acid with tin 
and HCl (Gabriel a. Zimmcrinann, B. 13, 
1083). 

BROMO-HYDROCINNAMIC ACID v. Bromo- 
phenyl-propionic acu>. 

I DI-BROMO-HYDRO-CCERULIGNON v. Cornu- 

! LION ON. 

BROMO - HYDROQUINONE CgH 5 Br0 2 i.e. 
C 6 ll.,Br(OiI),. [Ill 'J. 

j Formation. —1. Together with di-hromo-hy- 

; dro(]uinone, hy (1m action of cone. HBrAq on 
quinono (Wicbelhaus, B. 12, 1501).—2. From 
hydroquinone (1 mol.) and Br (1 mol.) in other- 
, chloroform (Sarauw, A . 200,00). 
j Properties.- -Leaflets; may bo sublimed. V. 
e. sol. water, alcohol, and benzene. Fe^Glg 
forms bromoquimme. • 

1 )i-acetyl derivative. C„TI 3 Br(OAc)_.. 

[73 ‘j. Formed, together with di acetyl di-hromo- 
iiydroquinono by heating quinono with AcIJr 
(Schulz, B. 15, (155). Needles, sol. alcohol and 
: benzene. 

j Di-bromo-hydroquinone C JI Jlr.(OII) : . [ 187° {. 
j Formation. 1. As above (W.). - 2. From 
j hydroquinone and Br in IJOAe (Benedikt, M. 1, 
j 315).—3. From quinone and Br (Sarauw). 

! Properties. — Long needles (from water). 
| Converted by Fe a Cl d or bromine-water into di- 
bromoquinono. 

| T) i-acctyl derivative. 0„lL15iv,(0Ac) 3 . 
i [101°]. Formed as above (Selnil/). Needles, 
sol. chloroform and ether. 


DI BROMO-HEXYL-BENZENE C, H,„Br.. i.e. 
I’ll.Cl 1 Br.OHBr.OIL.CJ 1(('ll,),. [80 ]. Fiom 

hexyl benzene (if. r.). Needles or pistes^ 

BROMO HEXYLENE (5,11, ,Br. (13 s 111 ) at 
730 nun. S.G. V 1 P2025. From (/t)-hcxyleim 
bromide and alemiolie K(>!1 (('aventou, A. 135, , 
J20; lleboul a. Truehol, .1. Ml, 247; Heebt, 
It. 11, 1124; A. 172, 70). See also Hkxenyl 
liiioMine. 

Di-bromo hoxylono CJI^Br,. S.G. ® 1 01)8. 
From hexylene (derived from mamiite) and Br 
(Henry, Jt. II, 10^4). , 

Tetrff-vfraqjniexylenc C ( ,H 4 Br 4 . lymu di- 
allylene and Br (Henry, (/. I* 87, lift). 

Octo-brmno hexylene 0,,11 ,l>r H . (isT]. From 
*ec-hexvl iodide and Br at 130 (Meiv. a. Weith, 

B. 11, 2210 ; lleeht, /J. 11. 1120). 

Octo bromo-hexylcne C„Fi Jlr,,. From hexane 
and Br at 125° (Wahl, Jt. 10, 402). 

BROMO-HIPPURIC ACID CJlJirNO, i.e. 

C. n i Br.CO.N!I.C’II.,.(’0,II. From hippnricacid, 
alcohol, and Br. Slender needles. Possibly 
identical with the following acid. CaA' a (Mavcr, 
Z. 1805, 415). 

c-Bromo-hippnric acid 

[1:4] O h H 4 Br.CO.NJLCH..COJI. Excreted when 
p-bromo-toluene iR taken with food. Flat needles 
(from water). Boiling HClAq forms glycocoll 
and p-oxy-benzoie acid (PreuRse, II. 5, t>3). 

BROMO-HYDRATROPIC ACID v. Bromo- 

laXNTL-FROHONIO ACID. 

BROMHYDRIK v. Gltcxew. 


.1/ 0 1 It // /• e t her C„1 [,J 5r,(01I)(0Me). From 
mclliyl-hydroqiiinone and Br (B.). 

Bi ■ me t h y l eth e r G„I I ,Br.(()Mo),. (142°]. 
From di-melhyl-hydroquitiono and Brin UOAo 
(Habermaim, B. 11, 1030). Methyl-ethyl ether 
(^H.-BrjUMe^OKt). [88 Prepared like tho 
preceding (Fiala, .1/. 0, 013). 

I)i-isobutyl ether C,TI.Mr (OC.II.,).. 
From 0,11.(00,11,,), and Br (Schubert, M. 3,084). 
Plates (from llOAc). 

Di-bromo-hydroquinoueO,H.,Br(OH)(OBr)(?). 
Bromoxy-bromo-phetud. ^h>7^]. From quinono 
(l mol.) and Br (1 mol.) in chloroform (Sarauw). 
Golden tables, si. sol. ether and (.1101.,, decom¬ 
posed by water into HBr and bromoquinone; 
changes slowly to OJLBr.pJll);. 

Tri - bromo - hydroquinone O fi HBr,(OH) r 
[130°]. Formed together —ith tetra - bromo- 
hydroquinone, hy treating di-bromo-quinone 
with cone. UBii or by the action of Br (It rnola.) 
on hydroquinone (2 mols.) or* quinone (3 mols.) 
^Sarauw, A. 201), .410). Silky needles, sol. alco¬ 
hol aud benzene, v. sol. boiling water. Fc a Cl„ 
gives m-bromo-quinone. 

^otra - bromo - hydroquinone C 6 Br 4 (OH) 2 . 
[244 ^j. Prepared as above (Sarauw). Prepared 
| also by reducing tetra-bromo-quinono (brom- 
! anil) with S0 3 or HI and P (Stenhouse, .4. 91, 

! 310; Suppl. 8, 20) or by warming it with cono. 
HBrAq. Slender needlea (from HO Ac); insol. 
i boiling water, v. sol. alcohol. FaXl, form? 
I letra-bromo-quinone. 



BROMO-IODO-ETHTLENB. 


m 


BBOKO-HYBEOaUIHONK-PHTHALZlK 

BlDBOQCDIOira-FHTHALXIN. 

DI-BEOHO-HYDBOSORBIC ACID V. Bbouo- 
mcxENoia ion>. 

BBOMO-HYDBO-THYMOQUINONE 
C,«H|,BrO, *.«. 0,H(C 1 H.)(CU 1 )Br(0FI) : . [58’]. 
From thymoquinone and HBr (Scliniti r, li. 20, 
1318). Oxidises to bromolhymoqninono f id j. 
The di-acetyl derivative is formed by the action 
of acetyl-bromide on thymoquinone. 

Di-acetyl derivative [91°). lthomho- 
hedral crystals (Schulz, B. 15, 857). 

Di-bromo-hvdro-thymoqninoae 
C,(C,H,)(CH,)lir (0H)». _ j 

Di-acetyl dcrivative [til'd ’ j. Colourless 
tables (Schulz, It. 15. t!58). 

BEOMO-HYDRO-TOI.UdUINONE 
C u H;M(dtr(OH). [o. ICO”]. Formed by the 

action of cold cone. Hlir upon toluquimnio. 


C«A' r —KA’.—AgA' (Mabcry a. .Lloyd, Am. A 

aSfl.Bromo-di-iodo-acrylio acid 

CI,:CBr.CO,H. [182 Glistening colottrloat 
plates. Formed by the action of iodine bromide 
upon iodo-propiolio acid in ethereal solution 
(llomolka a. Stolz, B. 18, 22N»1). 

fi.ij Di-bromo-iodo-acrylic acid 
rHr..:CI.CO,H. [110°J. S. at 20°. From 
hromVpmpiolic aeid.and I Hr (Mabery n. Lloyd, 
vl/«. 4, i; X. .1/m. .-I. 17, 81). Monoelinio 
piir-iiia (from water); </:/>. < -517:1: .181.— 
BaA',. 8‘aq. S. lti-7 at 1’ “ . CuA',.. A$ A'. 

8nfl-^)i-bronio-iodo-acrylic ncid 
CIHriCHr.COJl. [117 'J. Lorn? ^ilkv n«. «!1. a. 
M. sol. cold water. Formed by tho net ion of a 
solution of bromine in chloroform upon iodo- 
propiolic acid ICiC.CO.Il (llomolka a. Slob, 
/>’. 18. 22*5). 


Glistening plates (Selmiter, B. 20, 2280). DI-BROMO-IODO-ALLYL ALCOHOL. 

Tri-bromo hydro-toluquinone j Ethyl ether CJI.Br.IO t>. 

fyH 4 Br s 0.j C„Hr J Mo(OIl) 2 . [202°]. From OIBr:CBr.CIL..OKt. Oil. From iodo propargvl 
tri-bromo-toluquinon© and SO... Needles, 6ol. ethyl ether and Hr (Liobermann, A. I.»5, 2 H 0 )/ 
water (Cun/mieri a. Spies. (J. 12. 171). o BROMO-IODO-BENZENE C„H,Url (1:2). 

BROMO - HYPOGAHC ACID t\ llvroti v.io (257 5 ). From n-hromo-anilinc or o-iodo.aniline 


by the diazo- reaction (Korner, </. I, IWit). 

DI - BROMO - ICOSYLENE C. 0 ir„lJr 2 . Oil. m-Bromo-iodo benzene C ft II,Hrl (l:,*tj. (2f»2°). 
From icosineno and Ur (Lippmaim a. Haw- Similarly prepared (K.). 
liezok, //. 12, 59). i /» Bromo iodo-benzone C, II,HrI [1:1]. [92°]. 

DI-BROMO-INDIGO C^TIJlrN .(>, i.e. j (2.12 ). Similarly prepared (Orient!, J. 18b0, 
() O 1.12 ;K.). 


C,H.Br<^.>0 - C^^NCJIjBr. Formed by 

it it 

boiling o)-di - bromo - m- bromo -o-ami>lo-aceto¬ 
phenone [5;2:I] CJI 8 Br(NiI.|).CO.CllMr : or u«-di- 
chloro - m - bromo * o - amido - acetophenone. 
[5:2:1] CJl,Ur(NII.ICO.CllCl or their acetvl 
derivatives with dilute NaOII ami exposure to 
the air (Baeyer a. Ulonn, 1>. 17, 90s). Pre¬ 
pared by heating bromo-Lai in with PCI, and 
treating the product with a 10 p.c. eoiotion v f 
HI in acetic acid and then with aqueous SO... 
Somo isomer!'’ di-bromo-indipurpurin is forint d 
at the same time (Haeyer, B. 12. 1.915). Small 
black needles, may bo sublimed; v. el. sol. 
most menstrua. May bo reduced to a ‘ vat ’ like 
indigo. 

BROMO-INDIRUBIN C 1( .ITJlrN,0.. Long 
needles. Formed by the action of Na (!() a on 
an alcoholic solution containing indoxyl and 
bromoisatin (Itaever, B. 11, 1745). 

8/3-BR0M0-I0D0-ACRYLIC ACID 
C,H,IBrO.. i.e. CBrl:CH.CO,H. jllO']. S. 17 
at 20°. From bromo-propiolic mid and HI 

(Hill, Am. 9, 175). Seales.-BaA'. 9»q- H. (of 
UaA' 2 ) 10 at 20V-CaA' ? 9>|.—Ag.A'. 

afl-Bromo iodo-acrylic acid CHLCBr.CCLH. 
[96°]. Formed by the addition of IIHr to 
B-iodo-propiolic acid ^llomolka a. Stolz, B. 18, 
2284). Needles; si. sol. cold watj^-. Hy heating 
in alcoholic solution with AgBr it yields « 0 -oi- 
brorao-acrylic acid [85 'J (Stolz, B. 19, 5117). * 
3a-Bromo-iodo-acrylic acid CIIBr:CI.C0 4 lI. 
[71°J. Colourless crystals. V. sol. water. 
Formed by boiling propiolic acid with an 
ethereal solution of BrI (StoL;, B. 19, 590). 

jS8a-Bromo-di-iodo acrylic acid 
CBrLCI.CO^H. [100°]. S. 2 at 20°. From 
bromo-propiolio acid and iodine in othor. Flat 
|ix*iided plates.—BaA.', 4aq. 8. 16-20 at 20°.— ; 


l)ich laride C„H 4 UrI,Cl... [115'’ 120°, with 
decomposition]. Ppd. as yellow noodles when 
chlorine is passed into a solution of hromo-iodo- 
bem-t uo in chloroform ((■. Willgi rodt, vr. |2) 
in, 15s). Wit li alcohol it forms aldehyde and 
(.,11,BrI. It conviuts metallic and alcoholic 
iodides into chloride.-*, iodine being separated. 

Tri bromo iodo-benzeuo OJLHr.I [1:11:5:61. 
IlOt 1 ], Obtained by ad'liug colic. Ill to a Hole 
tion of Cj:.ll, J .N-N.NO I . Colourb needles, 
s<> 1. hot alfolioV/Silberstein, J. pr. |2j 27, 120). 

Tri bromo iodo benzeno C, II v IHr, [1:2:4;5J. 

[105]. 

J) i chloral a C,H IHr,,Ch. 1 F»inmd by dis¬ 
solving C ( .ILTBr 3 in (JIICI., and passing in Cl, 
(Willgerodt, J. pr. [2] lilt, 159). 

s BROMO I0D0-ETHANE C.H.Brl i.e. 
CILUr.CHJ. Ethylene brum iotlub'. (28’j. (UJ.'l 0 ) 
S.G. 2'5U». From bromo-etlr lenn and eono 
III \«| at. 100 ' (Ib boul, A. 155. V nU ■* 
ethylene aivft l)rl (Ma*:well Simple ,’fr. 22,51). 
Needles; si. "el. coll alcohol. Aleoludie KOlf 
gives iodo-ethyleno and acetylene (l,ag«-riiiurk, 

j. n. 5, 

//-Bromo iodo-cthane ('I. v CHHrf. Ethyl- 
i'h m hromi^thle. (HK ). S.<». *' 2*452. Fioin 
hromo-ethylene and cone. JiIAq at 4 1 (It.), or 
from w-di-iodo-ethane and IBr (Maiwell Simp, 
sen, Pr. 27,421). Alcoi’ die KOH forms bromo. 
rlhvlene. ^ 

Di-bromo-iodo-sthane CJf,IBr 2 . (170°-180°). 
S.G. 20 2 80. From bromo-cthyleno and IBr 
(M. Simpson, Pr. 22, 61). Ag 2 0 forms G i H,I)r. 

8 - BROMO - IODO - ETHYLENE C.li.lBr. 
Acetylene bromiodide, [c. H'J. (150° cor.). H.G. 
(solid) ’- 2*750; ,ri 2*627. dot bypassing acetyl, 
ene into aqueous solution of BrI, tho product 
being treated with Na a S 2 0, and distilled witli 
■team (Plimpton, C. /. 41, 606; Babauejefl, A. 



m BBOMO-IODO-ETHYLENK. 


216,266). With alcoholic NaOH it appear* to 
give off OjHBr. 

tt.Bromo-iodo-ethylene CH,:CBrI. (129°). 
g.G. * 2-565. From chloro-bromo-iodo-othane 
and alcoholic KOI1 (Henry, C. It. 98, 7-11). 
Slowly absorbs oxygen from air. 

Di-bromo-iodo-ethylcue CIBr:CH13r. [60°]. ! 
Small prisms. Formed by tho action of an * 
aqueous solution of brow inn upon iodo-pro- 
piolic acid ICIC.COdl, CO... being evolved 
(Uomolka a. Stolz, B. 18, 2285). 

BR0M0-I0D0-METHANE CILThl. Methyl¬ 
ene, bromiodide. (139 ). S.G. 2-920. V.l). 
005. Front moLhvIcm: iodide and 13r or IBr 
(Henry, C. /f. % lUl,9tfl). 

Di bromo-iodo-mothane CllBrJ. Brum iodo¬ 
form. [0'). From iodoform and Br (Scrullas, .*1. 
Ch. (2) li t,225; 39,97; Bouohurdut, J. Bh. 23,10). 

BR0M0-I0D0-N APHTHALENE5 C, 0 lI u BrI. 
The three following are obtained from the corre¬ 
sponding bromo-naphthylaminos by tho diazo- 
reaction (Meltlola, C. J. *17, 523): 

(ttHj-Bromo-iodo-riaphthaleno C l(l II (i BrI [1:1% 
[H-t J. Large flat medles; insol. water; sol. 
alcohol and glacial 110Ac, v. e. sol. benzene and 
other. 

(u^)-Bromo-iodo naphthalene C 10 II, I»rl [1:3]. 
[08°]. Needles. 

(a^)-Bromo-iodo-naphthalone C, 0 H u BiI [1:2]. 
[94°]. Thick needles. 

BROMO I0D0-NITR0-BENZENE 
C b H,l'.rl(N(),) [1:2:5]. [UMi°j. From CJT.BrI 
(l:2j ami UNO., or from 0. f II,Br(NiL)(NO„) ] 
f 1:2:5] (Korner, <1. 4, 3S3). Needles or prisms, j 
Alcoholic N1I :I displaces l by NIL. 

Bronio - iodo - nitro benzoue CJI,BiT(NO.) 
[1:I:9J.[90 J. l-Vum C.H J l!r(NIl.)(N(),)[ L: 1:8 j (K.j. 

Bromo-iodo - nitro- bonzeuo OJLBrljNO.) 
[l:3:4j. (8P’J. From O ti li f l3r(N11.)(NO.) [1:3:1] 
(K.). Alcoholic Nll a displaces l by NIL. 

Bromo - iodo - nitro - bonztmo C b lljl3rl(NO..) 
[1:3:0?]. [127']. Formed, tng<4hei'f with tlm 
following hotly, by devolving ja-bronmiodo- 
bonzeno in fuming 11NO, (lv.). Alcoholic Nil, 
displaces Hr by Nil.. 

Bromo - iodo - nitro -benzono C b ll,BrI(NO.) 
[1:3:2?]. Needles. 

BR0MO-IODO-NITRO-PHENOL 
C,lMOIlHNO.)lJrlll:2:-l:r.|. jHM°].From(l,:U)- 
bromo-nitro phenol, KOH, HIO., and 1 (Korner, 
J. *^ r y Li . Monoclinic tables a:b:c 

«- *52(iTTr^.7 ; 0 05 J .V (Groyi,tf. Kryst.l, 
437); volatile with steam. KA'.- Na.V. 

Bronio-iodo-nitro phenol GJL(OlI)(NOJBrI* 
[1:1:2:01. From (l,3,G)-broino-nilto-phenol as 
above (K.). Prism.* (from ether).—KA 7 : yellow 
needles. • 

BROMO IODO-NITRO-TOLUENE 
C ? ILMoBrl(NO : ) [l:3:l:a*j. [118°]. Formed by 
nitrating (l,3,0)-brcmio-iodo-tohu?ne. Needles 
(Wroblewsky, A. 10^ IG0). * 

Brorao-iodo nitro toluono C 6 ll,MelirI(N0,) 
[1:3:2 orFrom tho corresponding bromo- 
iodo-toluene (\V.). 

Di-bromo-iodo-nitro-toluene 


C,HMeBr 2 I, and faming HNO,. Yields on re¬ 
duction by 8n and HG1 an amido- compound 
which is converted by further treatment by Sn 
and flCl to o-toluidine (W.). 

BROMO-DI-IODO-PHLOROGLUCIJT 
C|(01I) 3 BrI 2 . From tri-bromo-phloroglucin and 
aqueous KI. Decomposed by heat (Benedikt a. 
Schmi.lt, M. 4, 005). 

BROMO I0D0 PROPANE C a H b BrI i.e. 
CII a .CRiT.CII a . (118). S.G. ii 2-20. Formed 
by union of III with allylone hydrobromide 
j (lleboul, C. It. 74, 000, 944). 

Bromo-iodo-propane CII 3 .CHI.CH 2 Br or 
; CIl a .CiIBr.OH J. (100°-108°). From propylene, 

| water, arid IBr (M. Simpson, IV. 22, 51). 

! DI BR0M0-I0D0-PR0PYLENE C a H a IBr, (?). 

1 From iodo-allyleno and Br. Docs not combine 
! with Br (Liebormann, A. 135, 275). 
i DI-BR0M0-I0D0 STEARIC ACID 
C |s lf,,Br..IO.. From ricinoleic acid C IS II,,0, vid 
C ls il,‘l(> 2 (Claus, JJ. 9, 1017). 

BROMO I0D0-T0LUENE 
: C li II a McBrI | l:2:3or5]. (200 ). S.G. -»s 2-139. 

i From C b II ; ,MeIh-(NlLf (Wroblewsky, A. 108,104). 
Bromo-iodo-toluene CJl^McBrl [1:3:4]. 
(205°). S.G. v " 2 011. From tho corresponding 
brmno-toluidinc (W.). 

Di-bromo-iodo-tolueno C, TI.M*?Br..I [1:3:5:4], 
[80°]. (270°). From C„II.Mi■ Br(NO.*)(NH.) vid 
C b H.MeBr(NO,)I, and O ri lFMcBr(NlIH (Wro- 
blewsky, A. 102,200). Also from di-bromo-p* 

■ toluidiue, O rt lLMeBr.(NIL) by diazo- reaction. 
Di-bromo-di-iodo-tolueno CJlMcBr.I., 
[1:3:5:4:21. '08°]. From O.HMclir 1(NH„) by 
diazo- reaction (Wroblewskv, H. 102, 212). 

DI BROMO lODO-TOLUIDINE 
C,.lIMfBrl(NH.) [1:3:5:I:2!. [04°]. By reduc¬ 
tion of the corresponding nitro- compound (Wro¬ 
blewsky, A. 102, 210). Converted by sodium 
amalgam into o-toluidine. 

- Acetyl derivative C,HMeBi\I(NIIAc) 
[121']. Small white ncetllcs. 

BR0M0-ISATIC ACID v. Is.vtic acij>. 
BROMO-ISATIN v. Isatin. 

BROMO-ISATOlC ACID v. Is.vro’io acid. 
BR0M0-IS0- v. Buomo-. 

BR0M0-ITAC0NIC ACID O.H.BrO,. [1G4 0 ]. 
Formed by the dry distillation of t'Ai-di-bromo- 
pyrutartaric acid (Swarts, J. 1873, 584). Its 
anhydride is formed similarly from i/rt-di-bromo- 
i pyrotartario anhydride (I’etri, B. 14, 1G37). 
Alkalis form aconic acid; Sn reduces it to 
ilaconic acid. 

BR0M0-LACTIC ACID v. Bromo-oxy-pro- 

! rioNic ACII>. 

DI-BROMO-LAURENE C lt JI 1 ,Br 2 (?) [210°]. 
! From laureno and Br (Montgolfier, Ch. [5] 
! 14, 03). 

! Tri-bromo-laurene C„p n Br.,? [125°]. From 
laureno and Br in tho cold (Fittig, Kobrich a. 
Jilke, .4. 145, #49). Cf. Laurenk. 

I (BR0M0-LEVULIC ACID v. Bromo-acettl- 

TROPIOSIO ACID. 

BROMO-LUTIDINE v. Broho-di-methyl- 

! PYRIDINE. 


C b HMeBr,.l(NO.) [1:3:5:4:23- [GO 0 ]. From j 

O.HjMeBrjI by nitration (Wroblewsky, .4. 102, 1 
210). Large needles. Volatile with steam. j 
Di-bromo-di-iodo-nitro-toluene 
C # MeBr a I.(NO,) [l:3:5:4;2:6j. [129°]. From j 


BROMO-MALElC ACID C 2 HBr(CO a H), i.e. 
CO a U.CHCBr.CO i H, or CO a H.C.CHBr.COJE[, 
CBr.C(OH) i v CH.C(OH),v 

or II >0, or || >0. [128°], 

CH . CCK CBr . C<K 





tfitUAlU-MAbUAlU, AVIV* 


M? 


Formed by boiling di-bromo-sucoinic aoid or its 
bft salt with water (Kekul£, A. Sitppl. 1,307; 
Tetri, A. 195, 02). Formed also, together with 
bromo-fumaric acid (q. v.) by the net ion of Br 
and water on succinic acid at 18»J ) ( Kckult*. A. 
130, 1), or futmiric acid at lot) tCuvius, .1. 119, 
201). Deliquescent prisms or n* odie- ; v. e. m»1. 
water, alcohol, und ether, .-plits up into water 
and its anhydride on distiilutbm. 

For discussion of formula see Mali. to acii». 

llt'adi >ns.-~\. jSWi. , (ni*<fm<i/<.’i.or.* gives jeie- 
cinie acid. 2. Fuming 11 Hr unites in theeohl, 
funning di-bromo-Miueimc arid. 3. /,7. c/r. !>,.-■ is 
of its Na salt gives Co mil IlHr. 1. boiling 
cone, b ir./.Mnn'.r forms oxalic and nivtie 
acids.—5. Win n it is di -olw 1 in watt r and an 
equivalent of aniline is addi d tin *e '-quiatis a 
crystalline pp. (’ ll Br.jCO 11 i,('i * 1 l.N H (’, H ). 
[12S j. Tliii aeid aniline - alt di-.-olud in 
water and ai!ou< l to stand d< | o^:N the aeid 
anilide CO.H.C !lHr.( , O.Ml( , 1 M , which en.-tal- 
lises in prisms ; in.-.d. in dilute HCI. If in 1* ad 
of allowing the sub mtn-e to r« art in the 
cold tin* solution is h. at* d, the compounds 
CJI..XO, and C„.1I,,N tl, are obtained. 

CiNJIl’h) COv 

C 1( ll, .X .0 ., probably >Xl’h, 

Cl I C(V 

[230°J, forms ochre - coloured inieroM’.q ie 
needles. insol. hot, .!. :•■!. e.*!d aq; n-1. 
hot. alcohol, less in cold; (.’,,11,^ l^. ptn- 
CtNllThj COjl 

bablv I; , J_IT*’» foim . yellowir h 

Cll.CO.N Ill'll 

indistinct cry-la*.. Sol. hot, in. sol. cold nq. 
Sol. Jilka’is ; aeid pp. the : ui> l iin-i- in.cluing 1 d 
(MiehiM I. .!(«. 9 , INI; li. |o, i;g;.S). 

Salts. A" A : ,-r\ t.dlmc pp. <'a .V 2aq. 

— CaN'a \", laq. Tl>A"a.|. 

Jhrut'tli il rHu'r A'Me.. : ;;n j.V.A Con¬ 
verted by iodine into dim* :iiyl hromo biiimrutc. 

I.)i‘‘ }/i j /1 e 1 h i-r A"Mt . <259 i.V.i. 

(J 10 J 150 ) at 25 nun. (An cluiU, ll. 12, 22s,; 

Schurherl, A. 2211,1)1). 

Anhf. 'r C.llHrO,. rJbVi.V.). lVriuol 
ns above, and also by lu atm-' mii'-n.o--.ir-ioie 
acid with Ae_n.it 130 i.\n dud/, II. 10, Js.sJi. 
\Vat« r form ; l>ii.. jc arid. 

J hiitir C.JJ UrX x> : . ;l*',s ' J75 \ From tlm 
imide at: 1 Nil 

IiniJr ((\UHtO »X11. ["151 Fonm d, 
together :11 i tin- amble of di-bi'mim-mu!' <c 
acid, by Icaling s.iecinimide wit ft Hr a* 1*',:r 
(Ciumici .n a. Siibr r, Li. 17, 557; K : . ioim: J.i, 
SlU, Li. 7 !. -5 1 :11. 

Iso - brmno - maleic acid is Bj.o':-,-i; riu.ie 
ACIt» (q. r.}. 

Brouio-milcic acid (?) (’,11 U.O,. 112 . 

From mm obr-ouio acid and is..'.*a (fliil, 

17, 239). - K A"aq.- Jl .A" 2 : j. \\ A". | 

Di-luomo-mahic acid C,Ur IH),. [123 ; 

Formed, together with ..* acid, bv . 

bromiiiatin;; stjecinio a..* 1 <hV,:i:!i* ( A, 1 .'!•» 2). ' 
From (d’))-di-br<'na .pyromurie acid and imin 
tri'bromo-pvj> Ul'ieie {wid bv let dilute UNO., 
(Hill a. Sang* r, .1. 232, Formed a! o by i 

heating muco: lomic an 1 with Bra* 11*) 1 1 fill, ! 
Am, 3, 48 ; Ji. 13. 731). N.ender 5-i* -I n* < dies, i 
v. sol. water, alcohol, and f ther, v. si.. m. ben/ene : 
and ligroin. An equivalent quantity of aniline ’ 
added to a solution ot the a-bl in v.aP r di:. dv« s 1 
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and theu deposits the acid aniline salt. When 
this is allowed to stand under water it gradually 
forms an anilide. The neutral salt in tha 
same way gives thedi-anilidoCABr ^C'O.XHTh),,. 
(110 . By heating the aeid (3 pis.), with water 
(<»0 p:s.) and aniline (2’2 pts.) for 30 minutes 
C\Nill’ll) - COv 

^XTh [ 183 J is c!e, lined in the 
('Hr- (\y 

l. un; i)f tint, a el!«.\\ t- b red j-:i .n- ; ; : n-ol. aq. ; 

m. »1. I'.ot alcohol (Ain ii.mi. .I.*: 0 l '0. 

Salts. Hii.V' Jaq. S.«ii 2o . I'l.A aq. 

—Ag A" : « \p!o.ies will u III-;. , I. 

.4 >1 n t‘ c,l>l_(' . [II. I . I'll pilled )iv 
healing t hi acni. N-.. dh h (l»y i>.tblim.i!ion); ?d, 
cold wait r. 

CHr.COv 

1 hi 11 / 1 ‘ |1 )Xll. '22.Vj. Ftt by 

CHr.CO'' 

ln ating su<-einimide with bronnne. M"hiu linie 
on :•tals. ii:/:, 1 - -1 :*• 12.1: '.Mi 19 ; II.) Bv 

boiling with aqueous K c > 11 it i:< «<iu\ti;«d into 
di-bromo ma'eie aeid (Ciainie . n a. S:9•• r. Ji. 
17,55(1; ( 1. 14,35; cf. Ki. \< !m: M, S;l.. il ", i f ;»i»l). 

Bromy-n.a.i;c-acid-di-bion*ide c. Tm-iuioMi** 
srci imc ac m. 

I)I BltOMO-MALF1C ALDEH YDK (’,11 . Hi d),. 

{90 !. (lot in small quantity fioiu (,i ; ) ddironm 
p\ i-anui arid and ..qm ouu btniume (d minii s, 
/.'. 12, 12o.‘{; Hill a. Sau/ur, .1. *.'2 '. >• 7). bong 
thin pri. ms (fnau wat-u). V. so!, ue-olud, ether, 
< bloo f-u in, and b- n/.« ne, m. : oi. light pit.ro- 
b iiin. In a cuni n( of CO, it may be : uMnm d. 
On o\;da:ii)ii it give;: mm rbnuim- aeid. 

BKOMO-MALEYLBHOMIl)bC,ll|;. O . |5(V*| 
1 (" Hied by ti'< atil.g di biiUno p> n.iiiUcii': 
aeid with cold bimniiii (Hill a. San," i, .1. 2.12, 
Ml). bong pii:-liia (flolu light |n tn.lemiO. 

BROMO MAI.IC ACID CJI Hit),. Tim ho- 
dium salt. Null A" i.. fmim d b\ t!,*- aetiim of 
XaOI’t sod in in di In onio j uccim.t'. l:< .ihng lin.o- 
wa'n reoiiv* rt st intoca!ciumia< hh; \< . Sodium- 
am.iV'ini tori . (dium s-ticfi :.s. l’b(OAc). 
Pi.s. 1-‘,A. 

*b it i'ii/, rc. iSii.lniui salt 
CO N u.CJ H.C I! 11 »F,i).(.’(> Na. 11 y, ■ i *. .juemaMs; 
1 .lin'd by add.i:g alcoholic NaOF( to : odium 
di-iuonio iun< inate (Muitbr a. Ilambi.ipcr, 
/;. T. C. I, 1511. 

B1MM0-MAL0NIC ACIT (> b'.I.K', U. 

( lllh(Co H).. Obtained by rft .,-y 1 1• di 
!■.omii.ated arid with mdiuin ' ■■■ ;*» .... ,j' 

!''■ l«b -. Li. 11, 1 15i. I). i„j •V.i ni ; moist 

Ag,0 bin:,, mtionie i i. \gjlA". Ap A ". 

Di bi'ou.n Mnbmi'-uf jd Cju ■( () f() .i,. r jog j t 
i'lom m.i'.mie mud CJiC! ( and Ii,’ (j « tiiitf, It 
7. loo; J. ii. 1 ", 05; Viu t Hoff, //. H. ;t,.5). 
N'"‘b ■, v. e. m,!. v. .ter. Ih.dii •• l,..nta water 
j■ >1 ■ >i »!•'■. OXahc f.eid. 

A:.-uir (.'Ur i('ON H). f id Mi •. I m med 
by adding Ur to mah .node m ;hii solu- 
* :i, u (I iciind, It. 17, • J).4 Folim-d a! o by tlie 
ie ; u»n of alcobolic NIJ, on the amid* «*f penta- 
l/ioui(Min.tu-:io tic acid Clir...CO.riu .ro.XJI 
(St>d;iaa. 1’, ilimann, Am. H, 3f-iq, N<. dies 
pri. ms, or huge oetain dm. SI. sol. hot water, 
alcohol, and acetic acid. Clir/ yW\f,\ 

"biti- amoiphom-' powder, insoluble in water and 
alcohol. 

Methylamide CJJr.(CO.MlMu)flfta**!; 

FT 
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Urge white needles or trimetric crystals (Freund, 
V. 17, 782). 

BHOMO-MALOPHTHALIC ACID CU^CrO*. 
From tetra-hydro-phthalic acid and bromine* 
water (Baoyer, A. ICO, SUM). Prisms or tabled 
(containing Jaq). Baryta-water converts it into 

BROM0-MELIL0TIC ACID v. Bromo-oxy- 
riiiiv. i.-eimi-TONie a« in. 

BROMO -MESITENE LACTONE 

C B II,lir<^QQ^>. [105’J. From mesil* no lactone, 

(\S. and Br (t>. Ac:i;to acetic ether). SI. sol. cold 
alcohol n ml water (Jluntzsch, A. 22*2,1*). 

BROMO - WESITOL C.JlJJrO i.e. 
C (i UMi*,iir(011). Needles (from alcohol) 

(Biedermann a. Iudoux, ll. H, 59). 

Di-broino - mesitol C ii Me c Dr..(OH). [150’J. 
From mesitol, Ur, liOAc, and 1 (Jacobsen, A. 
195.205). 

BROMO MESITYL ALCOHOL v. Bromo-w. 

OXY-MKK1TYI.ENK. 

jj-BBOMO - MESITYL BROMIDE v. j>-»-Di- 

HUOMO-MKSI I'VI.KNK. 

BR0M0-MESIrYLENE C a U,Me ;i Ur 
J’lomo-s-tri-vu'tJu/l-hi n. nic. [- 1 ,J J. (2*27° i. V.). 
S.tl. *" 1*32. Formed by the action of 1 mol. Ur 
upon cold mesitylfiio in the dark (Filtig a. 
Stou r, A. 1 17, 0; Schramm, JI. 19, 212). 

(5:3:1) u* Bromo-mesitylcne 
<1,(011.1 i(’11 Ur) [ 1:3:5]. Mrsif'il bromule. 
[38'j. (231 ). Prisms. Formed by bromination 
of nmsitylene at 130° (Wispek, IS. 10, 1577; 
(‘o!son, .1. Ch. [OJ 0, 89 ; ('. />*. 90, 713). 

rs■> Di-bromo-mcsityleno OjilMe.Ur.. [Ot n J. 
(278 ')• l.ong needles. Formed by the action 
of 2 mold, of bromir.e upon mcsityleim in the 
daik (F. a. H.; Siissenguth, A. 215, 2 IS; 
Schramm, li. 10, 21*2). Fuming UNO, gives; 
hromo-di-nitro mesitylcno [194°]. 
p-w-Di-bromo-inesitylone 
11.(011,) .1 •r(C , lIwltrj (5:3:1:1], ;> - I'.romo - 

iiti sitt,l bifwi ii'. Oil, fluid at ' lit '. Decom¬ 
poses on died illation. Farmed hy tin-ad inn of 
bromine (1 mol.) in smi^liine upon »-l»r« mo- 
niesit\!e»e (Schramm, 1'. ID, 215E 

a*u-Di-hromo mesitylcno (’,,11 Me(Cll lb*).. 
(GG’J. Fonneti hy passing CO. charged with 
bromine Mipnur into boiling mesitvlenc (Onh.on, 
.1. Ch. [<»j 0, 92; C. It. ltd, 715 ; Ib.him t, C. 11. 
ltd. 500). Fomi/d also hy treating uw-di-oxy- 
mejtrty}***^ wit ifilUr (llehimt a. Colson, HI. [2] 
40, 111). lY-eg prisms; ik’Oompe.-i/ hy alcohol. 

Tri-rvo-bromo-mesityUmo 0„MeJir.,. (221'*]. 
Formed by the action of 3 mob;, of bromine 
upon mrsityhne in the dark (Schramm, 11. ID, 
L’l3t. Triclinic crystals, v. id. sol. alcohol. 

: a' 1 a*..-Tri.bromo.mcsitjlcnc 
l'J i ..(Off J1 lr(0 11,1 W). (5:1:;!: 1 ]. [122°]. Obtained 
hy the adieu of bromine (l mol.) ill sunshine 
upon hot j>-&'-di-br<»mo mesitylcuc (p-hromo- 
mesityl-bromide) 0,^1,(C1I ,1 dh^CIl_.l»r). Yeiy 
blender needles (from alcohol) Schramm, B. Ill, 
215). 

c a',w.,.Tri-bromo mesityltno 
C h H,MeBr(CHJlr), [5:2:1:3]. [SI ]. From 
hrome u',u,.-di-oxy-mcsitylonc and cone. 11 Br. 
Can he formed hy brom inn ting mesitylcno (Col- 
son, A. Ch. [0| d, 101 ; HI. ;2j -11.302). 

, Tii-bromo-iucsitylene (',.11 ,(CTI Ur).,. 
[04°]! (21.' ) at 10 mm. From boiling lucsityl- 


eno and Br (3 mol a.). Needles, v. sol. boiling 
alcohol (Colson, G. R. 90,713; A. Ch. [Gj 0,90), 

BROMO-MESITYLENIL GLYCOL v. Bbomo- 

DI-OX V-MKSITYLKNK. 

BROMO-MESITYLENE SULPHONIC ACID 

C,H n BrSO, i.e. C„HMe,Br.SO,H. Formed by 
the action of bromine-water on a very dilute 
solution of -mesitylenc-suI phonic acid or its Ba 
salt; formed also from biuino-mositylene and 
fuming lf.SO, (Rose, A. 104, 50). Deliquescent 
trimetric needle.; (from etlu r). - Ba.V, aq.-- 
PbA'.. l'.nq. KA'aq. CuA' jaq. NaA'. 

(a)-BR0M0 -MESITYLENIC ACID C„Il ;) BrO, 
i.r. C, lf,Me.l5r(CO.H) [l:3:t:5;. It? 1 ]. Formed, 
together with .some of it-; isomeriili.s, hy the slow 
action of Br on ine.-ilyIonic acid in the cold 
Formed also from the corresponding amido- 
me.itylenic acid (Schmitz, A. 193, 172), Tri* 
metric pri ons (from alcohol), a;h:c - *927:1: *470 
• I’.a.V, l;iq : inonoclinic, u:5:c = 3*()(>8:l: 801 ; 
A =* G3'21'. - Ca.V, 2aq. 

(B)-Bromo mcsitylenic acid 
C,H.Mo,Br(C0.1l) |1:3:2:5;. [215 s ] (Sell.); 

[212 ,J j (S.). Formed by oxidising bromo-mesity b 
enc (Fittig a. Store**, A. 117, 1), or from the 
corresponding amido- acid (Soli.). Monocdinic 
crystals, u:b:c l*193:I:*7dtl; 8-70’ > 35'.—BaA',. 
— Ca ACa A . 5 a. j. K A'. 

Li bromo-nicsitylenic acid C JI Br,Mc,(CO,II). 
[195-*]. Formed by oxidising di-bromo-mesityl¬ 
ene (Siissenguth, A. 215, 250). Net'files (by 
su bl i i n at i on). - Ca A7 a< |. — I *a A'.. 3 laq. 

BROMO-METHACRYLIC ACID C.li .BrO, i.e. 
ClIBr:CMe.CO.Il. Bnnno-crotouic. acid. [03°). 
(229 ’). From citru - or nie.-ut- tli-bromo-pyro- 
tart.arie n«:i<l hy treatnu nt w ill* water, Na..C6 s Aq, 
or KOIIAq (Kekule, .1. Siit'id. 2, 97; (labours, 
A. iSu/'/'/.2, 517; Fittiga. Krusemark, A. 20<>, 7 ; 
Friialrieli, A .203,354). Also from a/l-di-bromo- 
isohutyric acid and NaOHAq (C. Kolhc, J. j r. 
[2: 25, 3R*2). Flat neetlles, :d. sol. cold water. 
Iteduced hy Sfidium-amalgani to isohutyric acid. 
Decomposed hy heating with alkalis into 
m> timin', nllvleno, and u-i-ii,! acid (F.).— 
(kiA / .,:iaij. S* (of CaA'.) 5*75 at. 11’.- AgA'.— 
JIO.Cu.V. Nil ,H A'.. (Morawski, Si(~\ li. 74, 39). 

!•'. 11: i/1 ether l it A'. (193 ) (C.). 

Bromo-niotliacrylic acid 
ClJ :C(CH.Br).CO.H. [GO ]. Formed, together 
with the preceding, by boiling m.-su-di-broino- 
pyrotartaric acid with water or Nu ; C().,A’i 
(Krusemurk, A. ‘J0i», 12). 1.ami me (from water), 

V. sol. water; volatile with steam. Deduced 
with dilliculty hy sodium amalf.-am to isobutyric 
acid. — CaAb 2a<p S. (of CaA'J SO at 5’. 

Di-bromo-nicthaerylic acid CJI.Br.O,. 
Needles. From tri-bromo-butyrio acid (dibromide 
cf broino-methacrylio a« : d). At 120 ‘ it takes up 
Br forming tetra-hromo-butvric acid, whence 
boiling alkalis form 

Tri-bromo methacrylic' acid CJl^BrjO,. 

; Needles ((’.). 

ROMO-METHANE v. MrrnvL uromide. 
i-bromo-metbane v . Mkthyi.i xk bromide. 

* Tri-bvomo-methane v. Brumovorm. 

Tetra-bromo-mcthane CBr,. Carbon tetra - 
bromide. [!)2 :i ]. (189 ). Occurs in commercial 
bromine (Hamilton, C. J. 39. Is). 

Ft>nnation. -1. By heating Br with CS- in 
presence of I or ShBr* (Bolus a. Groves, C. J. 
23, 101; 21, 773; .1. 150, 00; 100, ICO).- 2. 



HEXA-BROMOMETHYLKNE-DIPHENYLENE OXIDE. m 


From CHjCLj and IBr, (HMand, .4. 240, 236).— 
8. From alcohol and Br (Schaffer, /?. 4, 360).— 
1. By exposing a mixture of dilute KOH, bromo- 
forin, and Br to sunlight (Habermann, A. 
107, 174).—5. By heating bronmform or broino- 
picrin with RbBr, or BrI at 150-. t’>. From OT, 
and Br (Gustavs'»n, A. 172, 170). —7. From 
CC1|and A l Br ti at loo (Gu.-davson.t/. It. 13,*js0). 
8. Frotr CII ;i Br and Br in piv.-enro of animal 
charcoal (Dam* >i-. a a, C. P. ».rj, pjt. 

Preparation. -CS. (*2 ti! ,.1 is heat« d with 
iodine (3 pts.) and Br (ltj.ts.)for '.»t> hours at 
150 > (lloland, A. 2l'b 23**n. 

Praprrti- i, Tabbswith faint e unphor 1 ilco 
Fined 1; rxti'i'imdy prone to sublimation. At 220 
it splits up into F Br, and bromine. Boiling 
alcohol gives hromal, 11 l»r, and ald.-hyde. Alco¬ 
holic KOll gives l\_CO.,nnd KBr. Sodium-amal¬ 
gam forms OH Id*, and OH Br . 

BR0M0 METHANE DuSULPHONIC ACID 
C-HBi’tSO Ilf. I'd a si uni salt K A". From 
hi‘onio.tli--.ulp!n»-:ildeiiv !<• OUrlSO.lli .0110 by 
boiling with ;i'|u. ..us K CO, (Kathlo-, .1. ill], li’.l j. 

Di bromo methane sulphonic acid 
CHBr,.KO,H.Bari unis a. I BaA' .liun unctuous 
platen, form. I by tin* action of Br m> n b mum 
»ul}*h.i t;; 11 • ;,f ]::•» ( All'll.::-'dl, M. 7. l‘*7b 

BK0M0 PEN 1*A METHYL-TRI AMUR) THI- 
PHENYLCARBINOL ft.,11 BrN n. Hydro- 
bromide C ,H .. Nj.'.H Br. Formed l.y In-aSiiig 
di-iiietlivl-amlino w if)i Br at 120 ’ (Hr.::•■]. id* - :* - / 
a Brunner, li. 10. 1 J 1 .0.07 1 . 

DI - B R0 Id 0- MET H YL AM IN E M.NBr, r. 
Mutjiyi.amim-. 

• * BROMO-METHYL ANILINE 

C.li g Br;NHMe. (11 J. (j'-o ). Pnpai. 1 from 
tin- iiitr*iiiune. 

Archil derivative '.Y.\ 

Nitr.>,,n- ■ ne 0,11 .i linN.M, |N(». {71". 

Long ne. di. r.trin.-d by tin- action of 1 i N< Hon 
p -bromo-di-mrthyl-aniiinc (Wurster a. Sch. *!»■', 
J!. 12. IK is). 

m -Bromo di methyl-aniline 0 IF,/IhjNMe, 
fl:-»;. |li’ J J. (2i‘f ' err.). Bivpai'd by tin* 
metliylatio;. .-f in br nianiunc. By tip- action 
"t I i NO.it giv.-s a fnti.e-o comj-.'Und which t' -j ms 
li^ht given in-. d!e> and units at ‘about J1 . 

’ M, thiil,>h»di ./.’ 0.1 1 Br.NMe.I. 2(»1 J. 
Beallets (Wur.-t* r a Seb* .!» . It. 12. I-Ho. 

p.Bromo-di-motavl aniiine C U il'.ijNM.- 

LI : > t-il'VI. 1 I • 

Prepar'd, fit. 1. By bnu.diia!".n of di- 
nn ihybatiilinc di-a-<1 in no tic aenl f\V« 1 -. r, 
P. is, 711; 10,703;. 2. Bv nn tb>l.oion «>f /.*■ 
broin iniiinc. By the action «.f JIN'O. u gi\.-; 
a mixluie of j> nitru-di-meihy! aniline and ;>■ 
bromo-jdn .ivl.m' tliyl-nitp'.-sviMun- 

Metit:jit)-i’ ‘!iiie 0, II.B« NMe^I. f 1-5 ], 
(Wurstcr a. Scbe.be, Ji. 12, 1Mb;. 

Ferr ic]/a vide J;' 11.1-. { oNi. \ m .v \: !• •' •. 

Ferriryav i te B',H,1 e ifN:, 5a.;: \«iy 
soluble yellow crvstubi (Wur.-tei*n. lb :•< r, /■ 12, 
1825). ’ « 

BROMO - DI - M KTH YL- ANILINE - PHI HA - 
LElN C.,H ..Br ,N (E i.c. 

C.H< C '» C - f, ^ M ^>. The liylrncUn, M,., 

Conned by beating ;> bromo di-mf -r. !-anilino 
with phthalyl chloride, ci vstallises in .•*<* i blue 
needles. Cone. JICiA-j pps. dingv gir. n ]; ’2liCl 
(0. Fischer, li. 10, l'*2.Jj. B 'JJ^l'iCl.. 


DI-BROMOMETHYL-ANTHRACENE 

C,jH l0 Br s . [lSd^-liO 0 ]. From mothyl-anthra- 
eerte by Br in CS.j (Biebormann, A. 212, 85). 
Yellow needles (from glacial HOAo). 

Tetra-bromo - methyl - anthracene 0,,n,Br,? 
Needles (from toluene). Oxidises to di brouio- 
liiethvl-anthra.juinono (I,.). 

DI BROMO - DI - METHYL - ANTHRACENE- 
DIIIYDRIDEO,.H,,Br . Fi.undi methyl anthr.v 
e. in* diiivdride and Br ilk Jhb\c (An. elnit/., A. 
0\iiii<i*s to anthi.<>| in.-ue. 

DI-BROMO METHYL-ATROLACTIC ACID v. 
Ih ni.->M0-0XY-‘l |'I,U-l*la.| , I.iNl. A. in. 

TETRA BROMO METHYL-AUirNE 
C .11, Br t O„ FiM'ii.ed by lii<mii..ating methyl- 
anion* It'll Hr 2.i.| (/ulb.»v,‘I,y, M.A, 171). 
BROMO-METHYL-BENZENE v . Bmuio- 

Tol.PKSK. 

Biomo-di methyl benzeuo v. Bis.*m xyuv.nh. 
Tri-bromo tri-methyl-benione <h(FllA,Br, 
[1:2:3:l:5;tii. Tri broma Ucmimcliithcne. j2-BV’j. 
Needles. SI. sol. alcohol. Formed by bromina- 
tion of (1.2:3)-tri-melhyl-benzene (.hie<dMen, U. 

' 15, |s.*»s). Other hromo-tri-methyl !»• ir/eno* 
are described as BitoMo-tf-ci'MKNKs and Buonio 

Ml STTYLI'.S'Kfl. 

Bromo - tetra - methyl - bonrono t*. Bi-.omo 
M’iu sr. 

Bromo penta methyl-benzene OBrMe.d 1 b»l 
( 2 -c.i ), J’rom 0 n M< .11, Br, and I (b'lietlel a. 
fra!: , A. Ch. [•»} 1, -173). 

llex.i i. bromo hex a nietbyl-benzeno 
B.ifil Br),.. 1256'{ (F. a. CL); i.227'’) (IB). 

Iron liesi m» thyllien/.em*, water, and Br at. 
lo> (I b.fma'm, />’. 13,1732; I'riedel a. Crafts, 
.1. Ch. :G • 1, lbs). 

BROMO METHYL-BENZOIC ACII) r. Biu».mo 
■I'-i.’. ie a* in. 

Biomo-di-methyl-benzoic acid 
C 11 BrMe.CO IB [173 ‘J. Hrimv>-jwewlo rume*ic 
•i id. Jir inn j’ifli/lir arid. From 0,.ll.,HrMr 4 
ii:2:B5 ! by (! O, in llOAe. (Sii > en**nth, A. 215, 
2J li. *... o fr..ni C H,Mi*.((. , O.H) [1:3.1] and Br 
{Gunter, li. 17, JbnH). Needles (fi.-tn water). 
\’. e. ».<>!. ale bub - CaA' ; .2:i«j. 1 V <-a.;. 

Bromo-di-methyl-benzoic acid 
O..H BrMe CO^.Hv fist) J. F.r,»no p-.ri,lt/!icuci4. 

I i.m i f HjMe ((’(> llj 11:2:41 ami Br f inn ter, li. 
17, Jii(W). Ne. iJb .; (from dilute nleuttol). 

Other isonierides arc de.-.erin. d v Bjc»mo- 
:?^i i ym m«; Acm;; (-/. r.). 

c.ro ■ BR) M0 DI M ETHYL COU ^ A jvl N 
X(Cii a ;lir 

C II 4 (TH,)<^ j . Formed by brornina 

\0- CO 

tlon «-f di-im fbvlu‘numriri i di*-olved in OS . 

< *i \ Mai line j-uiid. ‘I. : o|. : 'eubnl. (’onverted 
by hut aleidiulii* KOil iidudi nu-thyl e.oiimal'ilio 
a< : 1 idi - im tlivi -f.*u ..uarone earb'-xylic acid) 
(Hant/r-r'h a. Bang, .ti .3, 12'.I'3). 

* I)I-BROMO-MET.:VLEiFE-Dl.PHENYLENE 
f .11 Br . 1»'.2 . J‘rui , methylene, di pheny’eno 
(',*. r.j. N« * db or o<*tahedra (fiom ether) (Car¬ 
le my, C. J. 87, 710). 

HEXA-BROMO-METHYLENE-DI-PHENYL- 
ENE OXIDE C,,II,Br,p. Formed, together 
with Ho- }|j nt.i-br 'ininated compound C n )l,Br } 0 
[13'» j, l.y adding Br too-im thylerio-di-phenylene 
1 onde }. i-j.tnded in water. Blaclo na at o. 225° 

] (Saizina!;!'. a. Widiclhaub, H. 10, 1401). 

f v 2 
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BROMO-MfiTHTLENE-PHTHALinB. 


Long 


BROMO-HlfTHYLENE-PHTHALIDE 

vO=CHBr 

0,H,Br0, U. C U H,< >0 . [133°1. 

\c=o 

eolourlesa needles. Formed by heating phthalyl- 
bromo-acetio acid in vacuo ; or by bromination 
o t acetophenone-carboxylic acid. It combines 

with Br, forming C„U ) <^|j r ( CUr - 1 '^O. [118°] 
(Gabriel, 11. 17, 2525). 

p-BROMO-METHYL-ETHYL-ANILINE 
C, l H,..BrN i.c. C„H,Br.NMeEt. (235°). From 
methyl-ethyl-anilino and Br. Solidifies below 
0° (Clans a.'Ilowitz, Tl. 17, 1327). 

TH1 - BROftO - DI METHYL-ETHYL - BENZ - 
ENE C,„lI„Br, i.c. C u Br s Me„Et. [21S°J. (Jacob¬ 
sen, B. 7, 1131). 

DI-BEOMO - METHYL - ETHYL - GLYOXA - 
LINE C J Br. 1 (CII :) )(C..lI,)N. r Di-bromo-oxal- 
ethylinc. [38']■ Colourless crystals. Sol. aciils. 
Formed by bromination of mcthyl-cthyl-glyoxa- 
line (oxal-cthylinc) (Wallach, Tl. 10, 537). 

HEXA-BROMO-METHYL-ETHYL-KETONE 
C,IL.Br„0 i.e. CBr 3 .CO.CH ; .CBr a . [90°]. From 
K-di-bromo-ethyleno and HBrO (Demole, 11. 11, 
1710). Beduced by sodium-amalgam to methyl 
ethyl ketone. Fuming UNO, gives malonie 
acid. 

DI-BR0M0-(B.2-P)/.2)-DI-METHYL-(B!/.3)- 
ETHYL-QUINOLINEC,JI l:l Br a N. (141°]. White 
needles (liars, B. 18, 3380). 

TRI-BROMO-METHYL-GLYOXALINE 

C.Br.fClI.JN.. Tri-bromo-oxalmclhi/lin. [89°]. 
White crystals. Insoluble in cold water. 

Formation. —1. By the action of Mel on tri- 
bromo-glyoxaline-silvcr.—2. By bromination of 
niethyl-glyoxaline (oxal-metbyline) dissolved in 
dilute H.SO, (Wallach, 11. 10, 537). 

BROMO-M ETHYL-INDON APHTHENE-CAR- 
B0XYL1C ACID CJI ( <^^ rM,! ^ ; C.CO.dT. [215*']. 


Formed by bromination of methyl-i ml on apli- 
theno in chloroform. Needles. SI. sol. alcohol 
(Roscr, B. 20,1575). 

HEXA - BROMO-DI-METHYL-METHYLENE 
DIKETONE CJI,.Br tt O,.t.c. CBr 3 .CO.CU,..CO.CBr ;{ . 
Ilexa-bromo-acctijl-acetonc. [108°J. From the 
diketone and Br (Combes, A. Ch. [OJ 12,210). 
Needles ; decomposed by alkalis into tri-bromo- 
and trBoromo-acetic acid. 
niC .~£\ , ^p- a .METHY.L-NAP t HTiIALENE 
e.so-BKox. (208° corr.). Colourless fluid. 
C, 0 H (i Br(CH a )V ^ction of bromine ou a cold 
Formed by the ^-naphthalene in CS 2 . 
solution of (a)-meth) ^ound 

Picric acid oonip. 05°1. Yellow needles 
C M H,,Br,C tt H.:(N0 2 ) 9 0H. 

(Schulze, B. 17,1528). , ue 

rt.s-o-Bromo-B-methyl-naphthale.;,^ p ormr , ( ] 
C 10 II„BiqClI 3 ). (200"). Colourless fhni ution » of 
by the action of bftimine on a cold so 
(j 3 )-metliyl-naphthaleno in CS... 

Picric acid compound 
C ll H ! ,Br,C a H,(N0 2 ) 3 0H [113°], yellow needi 
(Schulze, B. 17, 1528). 

a>-Bromo-(£)-methyl -naphthalene 
C, 0 H,.CH..Br. [56°]. (213 J at 100 nun.). White 
glistoning plates. Formed by passing gaseous 
bromine into (3)-methyl-naphthalene heated 
to 210° (Schulze. B. 17. 1520). 


Tri-bromo-di-methyl-naphthalene G^ByBr,, 
[228°] (Cannizzaro a. Carnelutti, O, 12, 410; 
cf. Giovanozzi, O. 12, 147). 

TRI-BROMO-METHYL-DI-PHENYL-AMINE 

C I 3 H 10 Br 3 N i.e. NMe(C ( 1 H :) Br.,)(C d H,Br). [98°J. 
From methyl-di-phenyl-arnine and Br (Gnehm, 
B. 8 , 020). HN0 3 forms {CJIJlrfNO.J^NH. 

Totra-bromo-methyl-di-phenyl-amine 
(CfiH.jBrJ.NMe. [120°J. Formed at the same 
time as the preceding (G.). 

DI-BR0M0-DI-METHYL-QUIN0L v. Di¬ 
methyl- Bhomo-iiydkoquinonk. 

BROMO-METHYL-PIPERIDINE 

CH.<^^| jr ^j^-^>N Me. Tho methylo-bromida 

(B'MeBr) is formed very readily by isomeric 
change cf di-mcthyl-e5-di-bromo-?t-amyl-amino 
(so-called ‘ di-melhyl-piperidinc-di-bromine ’), 
CI[,Br.CHBr.CH 2 .CH 2 .CIL.NMe.., by warming 
its alcoholic solution for a short time (Mcrling, 
B. 10, 2030). 

DI-BROMO-MET.HYL-PYRIDINE 03 !!^^ 

i.e. C,NII 2 MeBro. [100°]. Formed, together with 
ethylene bromide, from tropidine (q. v.) hydro- 
bromide and bromine at 105° (Ladonburg, A . 
217, 145). 

s-Di-bromo-di-methyl-pyridine C 3 NHMe 2 Br 2 
[1:5:2:!]. Di-bromn-lutidinc. [05 ]. Formed 
by the action of bromine, upon an aqueous solu¬ 
tion of tho potassium salt of s-di-methyl-pyri- 
dinc - di - carboxylic acid. — B' 2 H 2 Cl 2 PtCI., 2aq : 
needles (Pf oilier, B. 20, 1350). 

Di-bromo-.s-tri-methyl-pyridine C-.NMe.Jir* 
[l:3:5:2:4j. Di-bromo-collidine. [81°j. (202 f ) at 
720 mm. Obtained by the action of bromine 
upon an aqueous solution of tho potassium salt 
ot .s-tri-mothyl-pyridine-di-carboxylic acid; the 
yield is 50 p.c. of the theoretical. White pearly 
plates. Very volatile with steam. Weak base. 

Salts.—B'HCl: easily soluble small glis¬ 
tening crystals. B'.dIXLPtOl, 2 aq: orange- 
yellow needles. B'JFOr.O.: [llirj; needles.— 
* P»'C lj IL(N0 2 ) ;j OTI : [100 'j (lark-yellow lint 

prisms, v. sol. hot alcohol, insol. water (Pfeiiler, 
B. 20, 1315). 

DI - BR0M0 - TRI-METHYL-PYRIDINE DI- 
CARBOXYLIC ETHER. Dibromide 
NC H H ; Br..(C0 2 Kt) .Br... [102-]. From the follow¬ 
ing body and fuming iiN0 3 (l lanlzsoli, H.215,17). 

Di-bromo-tri-methyl - pyridine di-carboxylio 
ether. Di-broinhydride 
NC H H 7 Br 2 (CO..Et) 2 ILBr 2 . [ 88 °]. From the di¬ 
hydride of (1,3,5,2,4) - tri - methyl - pyridine - di - 
carboxylic other by Br in C 8 2 (Hantzsch, A . 
215,14). Yellow twin crystals. 

DI-BROMO - DI - METHYL - P YR0CATECIIIN 
v. Di-methyl ether of Di-ni:oMo-i»vi:ocATEcniN. 

HEXA-BR0M0-D1-METHYL TRISULPHIDE 
C 2 13r, ; S a i.c. (C1 ir 3 ) 2 S :{ . Carbotrith iohexabromide. 
[125°J. 8 /(alcohol) 5*5 at 78°; 8 . (ether) 2*35 
at 0\ From C 8 2 and Br (Hell a. (Jrecli, B. 15, 
275, 087; id, 1147). Prisms or tables, insol. 
Witfer. Hot cone. NaOH gives NaBr, Na 2 C0 3l 
and Na 2 8 ;i . Decomposed by heat into CBr 4 , 
C 8 ..Br„ 8 Hr.„ and a blue substance C,,Br.S.2aq. 

DI-BR0M0-METHYL-THI0PHENE 
IIBr,(CH 3 )S. (228°). Oil (Meyer a. Kreia, B. 

\m). 

•*i-bromo-(a)-methyl-thiophene C 4 Br 8 (CH 3 )S. 
'■?no-{$)-thiotolenc. [ 86 °]. Formed by bro- 
miuatio? f (EgU, B. 18, 



645). Long colourless silky needles. V. sol. ether 
fend hot aloohol. 

Tri-bromo -methyl, thiophene C 4 Br 3 (OH J S. 
[39°]. Formed by bromination of the methyl- 
thiophene from pyrotartarie acid. Large colour¬ 
less needlos (Volhard a. Erdmann, B. 18, 455). 
Forms a molecular compound [74°] with the 
preceding (Gattermann, B. 18, 3005). 

Bromo-di-methyl-thiophene G,H(OH : ,)._,13rS. 
Bromo-thioxe.ne. (191° uncor.). Formed by bro- 
mination of thioxene dissolved in CS ; . Volatile 
with steam. Colourless fluid. Heavier than 
water (Massinger, B. 18, 1037). 

Di-bromo-di-methyl-thiophene C 4 (CIf : ,)._.13r_.S. | 
Di-bromo-thioxenc. [40°]. (217° uncor.). Long 
colourless needles. Formed by adding 2 mols. 
of bromine to cooled thioxene (from coal-tar) 
(Messingcr, B. 18, 503). 

Di-bromo-di-methyl-thiophcne C,(CII 3 )J>rB. 
Di-bromo-thioxcnc. [47° 50 J J. Needles. Vola¬ 
tile with steam. Formed by bromination (with 
211r.>) of thioxene (from acetonyl-aeetone) (Baal, 

B. 18, 2253). 

Tri-bromo-di-methyl-thiopheno C^HBr^B i.c. 
C 4 Br i .(CII ; ,)(CH.J3r)S. Tri-oromo-thioxene. [141°]. 
Crystallises and sublimes in needles. Formed 
by the action of an excess of bromine upon the 
di-bromo- derivative of the thioxene obtained 
from acetonyl-aeetone (raal, B. 18, 2253). 

Octo-bromo-di-methyl-thiophene 
C 4 Br. i (CBr.,)oS. Octo-hromo-thioxenr. [114°J. Small 
needles. Formed by the action of an excess of 
bromine upon thioxene (from coal-tar) (Mes¬ 
singcr, B. LB, 505). 

BROMO-DI-METHYL-o-TOLUIDINE 

C, H„BrN i.c. C,jll ;1 (CII 3 )(Br)NMe a . (245*). Pre¬ 
pared by bromination of di-mothyl-o-toluidine, 
or by methylation of bromo-o-toluidine (Micliler 
a. Sampaio, B. 14, 2172). Liquid; sol. alcohol 
and ether, volatile with steam. 

Bromo-di-methyl-m-toluidine 

C ; II 3 (Hr)(CH.,)XMe, [1:2:41. [98°]. (270°). Pre¬ 
pared by bromination of di-metbyl-?w-toluidine. 
White leaflets. Insol. water, sol. alcohol, Iigro'in 
and C,JI a (Wurster a. Iiiedel, B. 12, 1800). 

Ferrocyanidc U'„II 4 Fe(ON) 8 4aq: crystals. 
Ferricyanide 3FjlI a Fe 2 (CN), 2 9aq. Very 
soluble yellow crystals (Wurster a. it user, B. 
12 , 1820). 

TETRA-BROMO-MYRISTIC ACID 

C M H 21 B r< 0, From myristolic acid and Br , 
(Masino, A. 202, 170). 

DI-BR0M0-MYRIST0LIC ACID C n H : ,lh\0.*- j 
Obtained by gently wanning the preceding (M.). j 
ct-BROMO NAPHTHALENE C, 0 li.l>r [1;. [5°J. 
(277°); (280° cor.) (Ramsay a. Young, C . J . 
47, 650). S.G. 11750; ^ 1*503. R x 8i*9 
(Nasini, G. 15, 93). 

Formation. —1. From naphthalene in CR 2 
and Br (Laurent, A. Ch . [2J 59, P.)0; Glaser, A. 
135, 40; Wuhlforss, Z. 1805, 3; Gnehm, B. 
15, 2721).- 2. From diazo-bromo-naplthalono 1 
salts by boiling with alcohol (Bother, B. 4 851; 
Stallard, G. J. 49, 188).—3. From UgfC.olI,), 
and Br (Otto, A. 117,175). 

Properties. —Liquid, insol. water, miscible 
with alcohol, ether, and benzene. 

Reactions. —1. Cr0 3 gives phthalic acid 
(Beilstein a. Kurbatow, C. C. 1881, 359).—2. A 
. solution in CR, gently heated with Al.Cl* gives 
k*>/\mrv.n,'it,lithn.lAnA an the chief nroduct. to¬ 


gether with di-bromd-naphthalenes, and naph¬ 
thalene (Roux, Bl . [2] 45, 510).—3. Toluene in 
presence of Al s Cl tt forms bromo-toluene and 
naphthalene (Roux).—4.* Reduced by sodium- 
amalgam to naphthalene.—5. Cl.C0 2 Et and Na 
give naphthoic acid. 

Picric acid compound 
C 10 II ; BrCJL(NO.,) : ,OTI. [135 ]. Yellow needles 
(Wiciielhaus, B. 2, 305 ; R.). 

bichloride C, 0 H ; BrCl 2 : [105°]; tables. 

(tf)-Bromo-naphthaieuo G,„1I Br [2]. [59°]. 
(282 cor.). S. (92 p. c. alcohol) 0 at 20 \ 

Formation. ~ 1. By heating (fl)-diazo-nnph- 
thalonc with a large excess of IIBr (Gasiorowski 
a. Wayss, B. 18, 1911; jf. Liebenuann, A. 183, 
268). 2. By running a volution of (fl)-diazo- 

; naphthalene bromide into a hot solution of 
I cuprous bromide; the yield is 30 p.c. of thco- 
! retieal (Lellmann a. Jteniy, B. 19, 811).— 3. 
i From (0)-imphthol and 1 ’Hr-, (Brunei, B. 17, 

: 1179).—1. From (a)-broino-napiitlialeiic and 
Al 2 Cl, ; (Roux, Bl. [2] 45, 513). 
i Properties. — Trimetric scales, v. sol. CS„ 
CIIC1 3 , benzene, and ether, 
j Picr ic acid compound 
C l0 H,«rC„]L(NO : ) J OH. (It.); [8G°] (B.); 

S. (alcohol of 92 p.c.) 6 at 20° (It.). 

Di-bromo-naphthaleno C, 0 ll„Br,. [61°]. 
Formed in small quantity by brominating naph- 
: thaleno (Jolin, Bl. [2j 28, 511; not observed by 
others). 

o Di-bromo-naphthaleneC l(I H„Br 2 [l:2]. [03°]. 
i From (1,2)-bromo-(/8)-napbtliylamiue by the 
diazo-perbromide reaction (Meldola, (J. J. 43, 5). 

' Oblique rhombic prisms (from alcohol, acetone 
or petroleum). 

m-Di-bromo-naphtlialene C 10 II (i Br., [1:3], 
[C4°J. From di-bromo-(tt)-i\aphthylan)iiie, [119°] 
by removal of Kilo (Meldola, C. J. 43, 2). 
Needles. 

Di-bromo-naphtkalene C, 0 ll„Br 2 [2:3]? 
[c. 08°]. Formed, together with two isomcrides, 
[8 L°J ar 1 [IbJ'J by the action of Br (2 mols.) 
on naphthalene (1 mol.) (Guarescbi, G. 7, 24). 
Also from bromo-(/3)-iniplithol and L’Br.,(Canzo- 
mri, G. 12, 425). Prisms (from alcohol). 

(a^')-Di-bromo-naphthaleneC, 0 J IJJri :2'or3']. 
[74°J. From (1, 2'or 3', 2)-di-bromo-naphthyl- 
amino by diazo- reaction (Meldola, C. J. 47, 
513). Silvery scales (from dilute alcohol). 

7)-Di-bromo-naphthalene C lt) ll.Br 2 [l:.rj. [77°]. 
Formed, together witli the momeride i ], by 
brominating naph'haleno (tt)-‘MiJphoiiic ucid 
(l.)armsL;idter a. Wiciielhaus, A. 152, 301). 

(/3)-Di-bronio-naphthaione C J0 ll (i Br 2 [1:4], 
I [82 J J. (310'). R. (93*5 per cent, alcohol) 1*33 
; at 11*4° ; 0 at 56° (Guarc.xhi, A. 222, 209). 

Formation.— J. The chid product of the 
! action of bromine (2 mols.) on naphthalene 
(Glaser, A. 135, 10).—2. By distilling (a)-bromo- 
naphtlmlone sulnli -nic acid or nilio («)-L>romo- 
naphthalonc [85 • with tf'Br, (John, Bl. [2] 28, 
511). - 3. From act iyl-(a)-naphl.hylaii»iiie by bro¬ 
minating, saponifying, and treating the resulting 
G„,1I Br(Nll.J by the diazo-reaction (Meldola, 
C .«/. 43, 4). 

Properties. —Long needles. Oxidised bj 
UNO., to di-bromo-phthalic and bromo-nitro 
phthalic acids and bromo-nitro-naphthaleue 
CrO a in acetic acid gives di-bronio-naphtho 
i quinone and di-bromo-phthaiide. Reacts witl 
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Br forming C„H 4 Br f [173°] (Guaresohi, O. 1C, 
141). 

Constitution. —This follows from the oxida¬ 
tion to di-bromophthalic acid, coupled with the 
observation that the bromo-(a)-naphthylamine 
from which it may be formed (v. supra) gives 
(a)-bromo-naphthalene by the diazo- reaction. 

( 7 ) Di-bromo-naphthalene 
C io ll„Ur : [1:1'or4']. [131° cor.]. (320°). S. 

(93’5 p.c. alcohol) 2 at 50°. 

Formation. —1. By brommating naphthalene 
(G.; Magatti, O. 11, 357). —2. From diazo- 
bromo-naphthaleno (from bromo-naphthylamine 
[04°]) by adding bromine-water and warming the 
pp. with lIQAv.— 3. The chief product of the 
action of Br on naphthalene (a)-sulphonic acid 
(Darmstadter a. Wichclhaus, A. 152,303).—4. By 
the action of PBr, on (n)-di-nitro-naphthalene 
or bromo-naphihalone (a)-sulphonio acid (J.). 

Properties - Tables. UNO,, gives brmno- 
nitro-phthalic acid. CrO, in llOAc gives brerno- 
phthalic acid 1170 ’]. Does not form a tetra- 
bromide with Br. 

5-Di-bromo-naphthalene 0„,H,Br ; . [11 t°j. 

From naphlhalono (tt)-sulphonic acid and T13r s 
(J.). Thin plates. 

r-Di-bromo-naplithalene C,„H s Br,. [100°]. 
From (a)-bromo-naphthalene sulphonic acid and 
1’Br, (J.). 

Di-bromo-naphthalene tetra-chloride 

IJSrXI,. [150°]. From di - brominated 
naphthalene (? [82°]) and Cl (Daurent). 

Di -bromo-naphthalene tetra-bromide 
C,.,11,, 15r,. A mixture of three bodies of this 
composition, [c. 100°] [120°] and [173°] is formed 
from naphthalene and Br (G.). 

Tri-bromo-naphthalene C„,H.Br,. [75°]. 
Formed by brominating naphthalene, or by heat¬ 
ing di-bromo-naphthaleno tetra-bromide with 
alcoholic KOII (Laurent, A. Ch. [2] 53, 130; 
Glaser, A. 135, 43). Needles (from alcohol). 

Tri-bromo-naphthalene C„,{l,Br[ [1:4:1']. 
[85°]. From di-bromo-nitro-naphthalcno [117°] 
and l’Br, (Jolin). Needles. 

Tri-bromo-naphthalene C l 0 IIBr, [87°]. 
From di-bromo-naplrthalene (jS)-sulphonic acid 
and l’Br, (J.). Needles. 

Tri-bronro-naphthalone C„I{,Br 3 [l:3:l'or4']. 
[105°]. From (3,1' or 4', l)-di-bromo-naphthyl- 
um-iui. nn 2 °] by di.’zo- reaction (Meldola, C. J. 
47,5137. 

Tri-bromo-nVphtbaleno CqJFBr, [l:3:2'or3']. 
[110°]. From (1, 2' or 3', 3)-di-bromo-naphthyl- 
amine by tile diazo- reaction. Needles (from 
alcohol) (Meldola, C. J. 47, 513). 

Tri-bromo-naphthalene - C,„IL,Br, [1:2:4], 
[114 ]. From C 10 H i (NH’Br 2 [1:2:4J by diazo¬ 
reaction (Meldola, C. J. 43, 4). Formed also by 
heating C lo H i (NH 2 )(NO. ; )Br [1:2:4] with cone. 
HBrAq and glacial lflOAc at 130° (Brager, B. 
18, 2103). White noodles (from dilute 0,11,0,). 
Dilute IINO, at 180° gives phthalic acid. 

Tetra-bromo-naphthalene C, 0 H,Br, [1:4:2’:3']. 
[175°]. S. (35 p.c. alcohol) ’5 at 78°. From 
di-bromo-naphthalene tetrahromide [173°] and 
NaOF.t (Guaresohi, G. 1G, 141). Needles (from 
alcohol) or plates (by sublimation). CrO, in 
HOAc gives di-bromo-phthalide [188°] and 
tetra-bromo-(a)-naphthoquinone [224°]. 


[ Tetra-bromo-naphthalene C, t H,Br ( . [120°) 
From di-bromo-naphthalene tetrabromide [100°J 
and NaOEt (Gu.). Needles (from alcohol). 

Tetra-bromo-naphthalene tetra-bromide 
C 10 n,Br h . [173°]. From(l,4)-di-bromo-naphthal- 
ene and Br (Gu.). 

Ponta-bromo-naphthalene C 10 H,Br,. From 
pi»H,Br, and Br at 100° (Glaser). Granules, 
insol. alcohol. 

Hexa-bromo-naphthalone C, 0 ILBr,. [252°]. 
From naphthalene, Br, and I at 400° (Gessner, 

B. 3, 1505). Also from naphthalene (20 g.), 
A1,C1„ (15 g.) and Br (300 g.) (lloux, Bl. [ 2 ] 45, 
515). Needles; easily sublimed. Docs not 
combine with picric acid. 

BROMO-NAPHTHALENE DICARBOXYLIC 
ACID C„H,BrO J i.r. C 10 H,Br(CO 1 ,II),,. [210°]. 
From bromo-ncenaphthcne and CrO, (Blumen- 
thal, B. 7, 1095). Needles (from benzene). Con¬ 
verted by Nil, into the imide C 1 „H a Br(CO),,NH 
[above 205°]. 

BROMO - NAFHTHALEN E - ( 0 ) - SULPHINIC 
ACID C| 0 H,BrSO,IT. From naphthalene (0). 
sulphinic acid ami Br (Gessner, is. 9, 1503). 

(«)-BROMO-NAPHTHALENE SULPHONIC 
ACID C l 0 H o Br(S0,IT) [1:4]. [139°]. Formed by 
sulpbonating (a)-bromo-naidithalenc (Laurent, 
Compt. cllim. 1849, 392 ; Darmstiidtcr a. 
Wichclhaus, A. 152, 303; Otto, A. 147, .184). 
Flat needles. Oxidised by KM 11 O, to phthalic 
acid (Meldola, B. 12, 1904). Potash-fusion 
gives no bromo-naphthol (M.). Br gives chiefly 
0,„I t„Hr., [82°]. — CaA', 3aq. — BaA', 2aq. — 
Ph.V, l>q. 

Chloride C 10 lI„Br(SO.,Cl). [87°]. (Jolin, Til.. 
28,510). In its preparation there is also formed 

C, „l[„CI(SO..Br) [110 1 (Gessner, B. 9, 1504). 

Bromide C 1 „H, 1 Br(SO.Br) [115°] (J.). 

A mide C I „H t Br(SO,Nir,) [190°] (J.); [195 ’] 

Bromo-naphthalene (a)-snlphonic acid 
Di„ lf ,Br(SO.<Jf). [104°]. Formed by bromina- 
ting naplitlialeno (o)-sulplmnio acid (D. a. W.). 
l’Br, gives di-bromo uaphthalonc [131°].—KA'. 

Chloride C 1 „H,,Br(SO.Cl) [90] (J.). 

Amide C,,,H,,Br(SO,NIF) [205] (. 1 .). 

Brouio-uaphthalene ( 0 )-sulphonic acid 
C 1(l 14„Br(,SO : |II). [02°]. Formed by brominating 
naphtlialcne (0)-sulphonic acid (D. a. W.). 
Crystalline mass, sol. ether (difference from the 
two preceding acids).— KA'. 

Bromo-naphthalene sulphonic acid 
C,,,II„Br(SO : ,H). Formed in small quantity in 
preparing its isomerido [139°] by sulpbonating 
(a)-bromo-naplitbaloue with ILSO, or ClSO,H 
(Armstrong a. Williamson, C. J. Proc. 1, 234). 

Chloride C l „II,.BrSG.Cl [151 -]. 

Li-bromo-naplithalene ( 0 )-sulphonic acid 
C|„H,Br,(SO,n). Formed by brominating naph¬ 
thalene (fl)-sulphonic acid (J.). Crystalline. 
l’Br., gives tri-bromo-naphtlmleno [87°]. 

Chloride C,„H,Br.,(SO..C]) [109°]. 

Amide C, 0 H.Br,(S 6 ,NiL) [238°]. 

Di-bromo-naphthalene sulphonic acid 
CmB^Ur.^SOjII). Got by sulpbonating di- 
bromo-naphthalene (Laurent, A. 72,299).—KA’. 
-BaA'... 

BdOMO-NAPHTHALIC ACID v. Bhoho-om. 

(a)-NAl'HTHOQUINONE. 

BROMO-(a)-NAPHTHOIC ACID 
C n H,BrO, i.e. C, 0 H,lir.CO,H [l:4'j. [246°] (Ek- 
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•trand, B. 19, 1135). Produced from its nitrile 
or by brominating (a)-naphthoic acid (Hausa- 
mann, B. 9, 1516). White needles (by subli¬ 
mation).—KA'!,aq.—CaA'., lliaq. S. 1*5 at 20°.— 
BaA'.,3aq. S. 1*7 at 21°. -Ag A'. 

Amide C 10 lI (l Br.CONH,: [211°]; Hat needles. 
Nitrile C 1(J H (; Br.CN. [147°]. Prom (a). 
naphtlionitrile in CS 8 and Br. 

Bromo-(0)-naphthoic acid C, 0 H Ii Bv.C() II. 
[256°]. From (0)-naphthoic acid and Br (II.). 
Needles (by sublimation). KA' 2 ‘,aq. CaA'., 3aq. 
S. -02 at 20°. BaA', 3aq. S. -023 at 21°.-AgA'. 
Nitrile C 1(l lI„Br.CN : [149'[; flat needles. 
Tri-bromo-(0)-naphthoic acid C, tl II,Br ; ,.C0.1I. 
[270°]. Prom (j8)-naphthoic acid (L mol.), Br 
(3 mols.), and I at 350°. Needles (by sublima¬ 
tion). BaA'., (II.). 

Tetra-bromo-(a)-naphthoic a-id 
C, 0 H a Br,.COil. [239°]. Prom (a)-naphthoic 
acid (1 mol.) and Br (4£ mols.) at 350’ (II.). 
Granules (from alcohol) or needles (by sublima¬ 
tion).—BaA'.,. 

Tetra-broino-(0)-naphthoic acid 
C, 0 H :t Br,.CO.dI. [260°]. Preparation and proper¬ 
ties similar to those of the preceding acid (11.). 

BROMvj-(a)-NAPHTH0L. Ethyl ether 
C, 0 H 1 .Br(()Kt). [I8°J. Prom ethyl bromo-(a)- 
naphthol and Br (Marchetti, C. N. 40, 87). 
Prisms, v. sol. ether. 

Bromo - (0) -naphthol C 10 H,Br(OIT) [3:21 ?. 
[84°]. Prepared by adding Br in glacial aoefic 
acid slowly to naphthol in glacial acetic acid 
(A. J. Smith, C. J. 35, 789). Needles. Sol. 
alcohol, ether, light petroleum and benzene. At 
130° it begins to decompose, giving off JIBr. 
Oxidised by alkaline KMn0 4 to phthalic acid. 
PBr 5 gives di-bromo-naphtlialene [68 J and (0)- 
bromo-naplitbaleno (Canzoneri, G. 12, 421). 

Acetyl derivative C lu H ti Br(OAc). (215 3 ) 
at 20 min. (C.). 

Nitroso - derivative C 10 lI,(NO)Br(OIl). 
[65°]: green needles. 

Di-bromo-(a)-naphthol C 1(1 H-Br..(OII) [1:3:4]. 
[106°] (Pittig, A. 227, 244). Formed by bromi- 
nating (a)-naphthol in IK)Ac (Biedermaun, B. 6, 
1119) and in small quantity from ui-broino-(a)- 
naphtliylamine by the diazo- reaction (Meldola, 
G. J. 45, 161). Long needles (from alcohol). 
Powerful oxidising agent. 

Reactions . 1. KMnO, gives phthalic acid. — 

2. Alcoholic KOH gives tri-oxy-naphthalene. - 

3. Combines with aniline forming a white crys¬ 
talline salt. If this is heated for 10 minutes 
at 200 ’, and then allowed to cool, crystals of 

C J0 H,(NPhII)<^ k or (0)-naphthoquinone di- 

anilido (q. v.) are got (Meldola, C. J. 45, 156).— 

4. p-Toluidine forms the corresponding (0)-imph- 
thoquinono di-toluide (q.v.).—5. ($)-naphthyl- 
amine forms the corresponding (/^-naphtho¬ 
quinone di-naphthalide {q>v.). 

Tetra-bromo-(0)-Ilnphthol(7 U) H 3 Br 4 OI£.[15C , ]. , 
Prepared by adding oxeess of bromine 4o (0)- 
naphthol dissolved in glacial acetic acid (A. j. 
Smith, C. /. 35, 791). White needles (from 
glacial acetic acid). Sol. CS., ; benzene and 
alkalis. Oxidised by KMnO, and.KOH to bromo- 
plithalie acid (anhydride [125°]). Honco it is 
C b IIBr 3 (C,H,BrOH). 

Penta-b r o mo - (a) -naphthol C, n H.Br 5 .0 II 
P:4:l':3':4':l]. [239°]. Formed by bromination 


of (a)-naphthol in presence of ALBr„. Slender 
felted needles. SI. sol. benzene, xylene, and cu¬ 
mene, nearly insol. alcohol and ether. Dissolves 
in alkalis. By dilute IINO : , at 100 3 it is oxidised 
to tetrtt-bromo-(o)-naphthoquino»n [265°J; at 
150 • ) it is oxidised to di-bromo-phthalic acid 
[206 J ].— C„,lLBr ,.ONa : long easily solublo 
needles. - C ll ,lI,Br 1 .Olv: small colour!**-s needloa 
(Blmulein, B. 17, 2185). 

Pcnta - bromo - (0)- naphthol C„,lM>r,(OII). 
[237°]. Formed by'bromimitioo of (tf)-naphthol 
in presence of ALBr,.. White needles. Insol. 
alcohol, si. sol. hen/.eito. It is oxidised by UNO, 
to te{ra-bromo-(6)-miphthoquinone; on further 
oxidation it yields tri-bromo phthalic acid 
C,„U.,Br (ONa): long whim silkv needles (Flessa, 
1J. 17', 1179). 

Bromo-ffl)-naphthol (a)-sulphonic acid 
C lB H > Br(ofl)SO. l H. [3:2:1J? 

Salts.—Formed by adding the calculated 
quantity of bromine to saturated solutions of 
the salts of (0)-naphtlu>l (a)-sulphonio acid 
(Armstrong a. Graham, G. J. 39, 137).- KA'. 

S. *4 at 15 \ Boiling 11N0 3 forms phthalic acid. 
—CaA'., ;ruq. 

BR0M0-(u) -NAPHTHOQUIN ON E 

Anilide C l( ,II,Br(NIIC (i H.)0,.. [160°]. 
Formed by the action of aniline on bromo-oxy - 
(tt)-naphthoquinonc [197 '] in acetic acid solution, 
lied prisms. Sol. hot alcohol and hut acetic 
acid. By cold aqueous NaOIi it is split up into 
its constituents (Bultzer, B. 14, 1902). 

An isomeric anilide C 10 T[,Bi(NPhH)O* 
[2:3:1:1J [191°] is formed by boiling dibromo- 
(a)-naphthoquinono [218 '] with an alcoholic solu¬ 
tion of aniline. It is converted by KOII into 
l)romo-oxy-(a)-naphthoquinone[202 ’[(Miller, Bt. 
L2] 43, 125). 

])- B r o mo-anilid e C, JI, Br( NIK I, II ,Br) 0„. 
[210 ]. Prepared by bromination of (u)-naphtho- 
quinone-anilidc, or by boiling a mixture of p- 
bromo-anilin and bromo-oxy (a)-naphthoquin- 
otie with acetic acid. Bed needles. Sol. benzene, 
si. sol. alcohol. By alcoholic II u S0 4 it is decom¬ 
posed into bromo-oxy-(«)-naphthoquinone and p- 
bromo-aniline (Baltzer, B. 14, 1901). 

Bromo-(0)-naphthoquinone C„I -OBr^' 

[178"]. Obtained by bromination of (0)-naphtho¬ 
quinone in acetic acid. Bed needles or prismatic 
crystals. M. sol. warm alcohol, bonze*'"., and 
acetic a«d. Sublimable. Dissolves in diluto 
caustic alkalis with a brownish red colour, form¬ 
ing bromo • oxy - (a) - naphthoquinone [196°J 
(/dneke, B. 19, 2495). 

Di-bromo - (a)- naphthoquinone CmlLBr^O,. 

[151°]. S. (alcohol) *98 at 13’. Formed by the 
action of Br (7 pts.) and I (2 pts.) on (aj- 
nnphthol (1 pi.) in prescnco of water (Diehl a. 
Merz, B. 11, 1065). Yellow needles; may l>:> 
sublimed. Alkalis froi* IIBr and bromo-oxy- 
naphtlioquinone. 

Di - bromo - naphthoquinone C, 0 H 4 Br 4 0 2 . 
[171°-173°] [1:4:1':4'J? S. (95 p.c. alcohol) *31 
at 16°. From di-bromo-naphthalene [82°j, 
CrO, and glacial acetic acid (Ouavoschi, A. 222, 
279). Yellow needles (from alcohol). Intol. 
water. Cannot be sublimed. Volatile with 
steam. Cr0 3 does not oxidise it to di-broino- 
phthalide. 
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Di-bromo-(0)-naphtli<>qiiin<rae C, 0 H 4 Br 2 O 2 
£1:2:3:4]. [174°]. Obtained by the action of 

bromine upon bromo-(/3)-naphthoquinone in hot 
acetic acid, or better upon (a)-amido-(/3)-naphthol 
or its sulphate. Thick red plates or tables. SI. 
sol. alcohol and ether (Zineke, B. It), 219(5). 

Di-bromo-naphthoquinoneC u ,H 1 Br..().,. [218°]. 
From (a) naphthoquinone, Br, and I (Miller, Bl. 
[2] 38, 138). Prisms. Converted by KOII into 
brorno-oxy-naphthoquinone ,[200°]. 

Anilide, [191°J. 

Tetra-bromo-(a)-naphthoquinone C^HBr.O.. 
[265°]. Yellowplates. SI. sol. alcohol. Formed 
by oxidatioTi of penta-bromo-(a)-naphthol with 
diluto HNO ; , Tit 100% By further oxidation at 
150° it yields di-bromo-phthalic acid [200°J 
(Bliimlein, />’. 17, 2188). 

Tetra-bromo-faJ-naphthoquinone C, 0 IIBr,0.. 
[l':4':2:3:l:4]. [22i°]. Formed by oxidising tetra- 
bromo - naphthalene [173°]. Orange-yellow 
prisms, v. sol. hot water (Guareschi, (i. 10, 110). 

Tetra-bromo-(/3)-naphthoquinone C lu II.Br 
[164°]. Bed granular crystals. SI. sol. alcohol. 

Formed by oxi»i;itionofpenta-bromo-(/3)-naj)hthol 

with dilute 1IN0 3 . By further oxidation it is 
converted into tri-bromo-phthalic acid (Flessa, 
B. 17, 1481). 

BR0M0-NAPHTH0STYRIL v. Tuner anhy¬ 
dride of Bhomo-amido naphthoic acid. 

DI-BROMO-(aa)-DINAPHTHYL C 2fl H I .J5r 2 . 
[215°]. From di-naphthyl and bromine-vapour 
(Lessen, .4. 144, 77). Monoclinic prisms; v. si. 
sol. alcohol. 

Hexa-br«'«io-(ai)-dinaphthylC 20 H s Br fl . Jlesin. 

Hepta-brouio-(j88)-dinaphthyl C,„H 7 Br 7 . 
Amoriihous (Smith a. Poynting, C.J. 27, 851). 

BRoMO-NAPHTHYL AMINE C, 0 II (i Br(NH.). 
By reduction of bromo-nitro-naphthalene [85 J J 
of John, itself got from (a)-bromo-naphthaleno 
by nitration. An oil. May be distilled with 
steam. Fe 2 CI,. gives a violet colour in its aqueous 
solution. Reduces AgN0 3 (Guareschi, A. 222. 
209). IVssibly identical with Bothers (1, 4)- 
bromo-naphthylamine [04°]. 

M-Bromo-(a)-naphthylamine C 10 H <i Br(Nff_,) 
[3:1]. [02°]. From the nitro- compound, zinc- 
dust, and 110Ac (Meldola, G. J . 47, 509). Needles 
(from dilute alcohol). 

Acetyl derivative C, 0 U„Br(NHAc) [187°]: 
needles. 

o-B romo-fflyng^hthylamine C 10 H 8 (Br)NH 2 
[7I5JT*"[63°]. Got by saponification of tlic acetyl 
derivative obtained by bi'ominaKon of acetyl 
(/3 )-naphthylam no [131°). Small white needles. 
Volatile with steam. It is a neutral body. Dilute 
HN0 3 gives phthalicacid (Meldola, G. J. 43, 0). 
When NIL is displaced by 11 (a)-bromo-naph- 
thalene results (M.). 

Acetyl derivative C, 0 H d Br.NII(Ac) 
[I35°j. Needles (Cosiner, B. 14, 59). 

Bromo-(a)-naphthylamine C 10 II (! Br(NIT. J ) 
[1:1'or 4']. [64°|. Vrom bromo-nitro-najdi- 
thalene[122'5°] (Guareschi, A,22% 297). Volatile 
with steam. Plates (from boiling water). May 
be sublimed. KMnO, forms c-bromo-phtlialic 
acid [165° 172°].—B'HCl. 

»u-Bromo-03)-naphthylamine C^TI.Bi^NII,) 
[1:3]. [72°]. From Liebermann’s bromo-nitro- 
naphtbalene by reduction (Meldola, C. J. 47, 
509). Converted into (1, 3)-ai-bromo-naplithal- 
eue by the diazo- reaction. 


Acetyl derivative GjJI^BrfNHAc). 
[187°]: needles. 

;?-Bromo-(o>naphth7iamine C 10 H u Br(NH 8 ) 
[1:4]. [94°]. From its acetyl derivative and 
KOH (Bother, B. 4, 850; Meldola, B. 12,1961). 
Needles. On oxidation it gives plithalio acid. 
By diazo- reaction it gives (a)-bromo-naphtha* 
lene. Br gives di-bromo-naphthylamino [119°]. 

Acetyl derivative C, n HBr.NHAo. [192°]. 
Prepared by slowly adding IlCl to a solution of 
bromino in NaOH in which is suspended acetyl- 
(a)-naphthylamine. White needles (Pragcr, B. 
18, 2159). 

Di-brorao-(a)-naphthylamine C„JT.Br.,(NII 2 ) 
[3:2'or3':l] ? [102'J. From its acetyl deriva¬ 

tive. Needles ; sol. boiling dilute acids. Re¬ 
moval of NIIjj gives di-bromo-naphthalene 
[7-n (? ll:l'J). 

Acetyl derivative C„,TT ,Br 2 (NITAc) 

221 °]. From aeetyl-(3, l)-bromo-napiithylamine 
and Br (Meldola, C. J. 47, 514). 

Di-bromo-(tt)-naphthylamine 
C 10 II 5 Br,.(NII,.) [1':3:1J. [105°]. From its acetyl 
derivative. Needles. Oxidised by dilute UNO, 
to c-bromo-phthalic acid [174°]. Converted into 
di-bromo-naphtluilene [74°] by diazo- reaction. 

Acetyl derivative C^ll.BrJNllAc). 

[222°J. From bromo-naphthylamino [02 J ] by 
acetylation and bromination (Meldola, G. J. 47, 
512 ; O. J. Broc.. 1, 173). 

Di bromo-(a)-naphthylainine 
C ln TI Br,(NII,) [1:3:1]. [119°]. From the acetyl 
derivative by hot aqueous KOII. Needles; 
does not combine with acids. Oxidation gives 
phthalic acid ; the diazo- reaction gives (1, 3)- 
di-bromo-naphthalene. 

A c e t;/1 d e r i native C, „1I > 13r. i ,( Nil Ac), 
[225 ’]. Formed by bromination of acetyl-(a)- 
miphthylamino (Meldola, B. 12, 1%1). 

Li-bromo-(#)-naphthylamine C„,lf,I»r 2 (NH„) 
[121°]. Long colourless needles. Formed by 
thr i action of bromine in acetic acid solution 
upon (0)-miphthaleuc-azo-(/3) naphthylaminc. 

Acetyl derivative : [208°] (Lawson, B. 
18,2121). 

Tetra-bromo-naphthylamine 

Acetyl derivative C 1() H,Br,NlJ.Ac. [138°]. 
Formed by brominating acetyl-(l,2)-bromo-(j8)- 
naphthylamine in acetic acid solution (Meldola, 
C. J. 43, 8). Minute needles (from alcohol). 
Could not bo saponified. 

BR0M0-NAPHTHALENE-DIAMINE. 

Acetyl derivative C„,ll s Br(NlI.)(NlTAc) 
,[2:4:1] [c. 222°]. From bromo-nitro-acetnaph- 
thalide. Is not basic (Meldola, C. J . 47, 499). 

Li-bromo-(l: l'orl^-naphthylene-diamine 
C, 0 H l Br(NIL,) 2 . Fron; naphthyleno- diamine 
hydrochloride (from (a)-di - nitro - naph thalene) 
and bromine-water (Hollemami, Z. 18(15, 550). 

DI-BR0M0-(a)-DIN APHTHYLEN E-OXIDE 
C, 0 H lo Br,O. [287°]. Light-yellow crystals. SI. 
sol. benzene anu acetic acid. Prepared by the 
action of Bron a CS a solution of (a)-dinaphthyl* 
ene-oxide (Knecht a. Unzeitig, B. 13, 1725). 

Di-bromo-(/l)-dinaphthylcne-oxide 
C„ 0 H, o Br 2 O. [247°J. Yellow needles. Prepared 
by the action of bromine on a CS 2 solution cf 
(8)-dinaphthylene-oxide (K. a. U.). 

DI-BROMO-DI-NAPHTHYL-M ETHANE 
C^H, ,Br 2 . [193°]. From di-naphthyl-methanc 
anu Br (Grabcwski, B. 7, 1005). Needles (from 



BtlOMO-N ITRO-AN ILIN E. 


586 


alcohol-benzene) *, not affected by boiling alco¬ 
holic KOH. 

BROMO-NICOTINE v. Nicotine. 

BROMO-o-NITRO-ACETOPHENONE 

<0 i H g BrNO,t4. [2:1] C ri H,(NO,).CO.CH,Br. [5CP]. 
By bromination of CbII^NO.J.CO.Mo (Govekoht, 
A. 221,5327). Needles (from benzoline). 

Bromo-m-nitro-acetophenone 
[3:1]C„H J (NO.,).C().CH.,Br. Nitro-phenyl bromo- 
rnethyl ketone. [%°J. Formed by nitrating 
foromo - acetophenone. Needles (from dilute 
alcohol); v. sJ. sol. ether. Oxidation gives m- 
nitro-benzoio acid (Hunnius, B. 10, 2008). 

Di-bromo-o-nitro-acetophenone 
‘C,.n,(N0 2 ).C0.CIIBr... [80 J ]. Prepared like tho 
above (G*.). Attacks the eyes. Prisms (from 
benzoline). 

tt-Di-bromo-m-nitro-acetophonone 

{J.H,(NO,).CO.C11 Hr,.. m-Nitro-phcnyl di-bromo- 
methyl ketone. [5 ( J°]. Formed by careful nitra- j 
tion of w-di-bromo-ucetophonone ; or by further 
bromination of « bromo-7u-nitro-acetophonone. 
Yellowish tables. V. sol. most solvents (Engler 
a. Ilassenkamp, B. 18, 2210). 

BROMO-NITRO-o-AMIDO-BENZOIC ACID 
CTLBr(NO,,)(N I f,)CO,l I [1:2?:4:5]. [272% 

Formed by treating nitro-isatoic acid at 100° 
with bromine dissolved in glacial acetic acid 
(Borsch, J.jrr. [2] 5353, 40). Long yellow needles. 
Sol. hot water, acetone, aleoliol, glacial acetic 
acid and ether. Insol. chloroform and benzene. 

Di-bromo-nitro-o-amido-benzoic acid 
C (i HBr 2 (NO.)(N1 f.OCO.JT. [c. 203"j. From nitro- 
isatoic acid and bromine in glacial acetic acid 
at 100° (!>.). Plates. Sol. acetone, alcohol and 
glacial acetic acid, less sol. benzene, chloroform, 
and ether, insol. water. 

Tri-bromo-nitro-o-anndo-benzoic acid 
€ fl Br 3 (NO,)(Nll.)[CO.,lI). [1%°]. From nitro- 
isatoic acid and* bromine (D.). Needles (ppd. by 
lidding water to its solution in acetone). V. sol. 
acetone, alcohol,ether, glacial acetic ackl.cV’oro- 
form and benzene. 

(3:6:4:1) - BK0M0-NITR0-AMID0-PHENYL- 
ACETIC ACID C ri H.,(Br)(NO.)(NH,).CIL.COJI 
[53:5:4:1]. [192°]. Prepared by saponification of 
the acetyl derivative of (3:5:4:l)-bromo-nitro- 
nmklo-benzyl cyanide (Gabriel, B. 15, 1994). 
Long yellow needles. Sol. hot alcohol, ether and 
acetic acid, si. sol. cold water, benzene, and 
chloroform. 

Nitrile 

C u H,(Br)(NO,) (NII.,).Cn,CN [3:5:4:11. Bromo- 
nitro-amido-benzyl cyanide. Acetyl derivative,: 
[191°]. Formed by nitration of t'.io v*cetyl deri¬ 
vative of (53:4:1) bromo-amido-phenyl-aeeto- 


Formation .—1. From nitro-p-di-bromo-benz* 
ene and alcoholic NH 3 at 165® (K.; Meyer a. 
Wurster, A. 171, 59).—2. By nitrating p-bromo 
aniline in glacial HOAc (Iltibner, A. 209, 357). 
3. By the action of alcoholic NIT., on the methyl 
derivative of (l,53,4)-bromo-nitro-phenol. 

Properties. —Orange needles; may be sub¬ 
limed ; scarcely basic. Converted by diazo- re¬ 
action into w-broiuo-nitro-benzene [50 ’]. 

• Acetyl derivative C,H,Br(N0 2 )(NnAc). 
[1 053°]. Farmed hy nitrating aeetvl-p-bromo- 
aniline in.). Ammonia and zinc-dust reduce 
it to C 1( H:,Br(NTIAc).N...C 11 II : ,r»r(NlIAc) [2S2 C J 
(Matthiessen a. Mixter, Am. 8, 5317). 

Benzoyl derivative C (; TT,1 >r(X()..)(NIIBz). 
[138°]. Formed by nitrating bmi/nyl-p-bromo- 
anilino or brominating ben/o}l-o-nitro-amlino 
(Meineekc, B. 8, 501; Johnson, B. 10, 1710). 
Bromo-nitro-aniline 

C, TT ; ,Br(NO,.)(NII.,) [1:2:4]. [1532 '). Formed by 
nitration of p-bromaniline dissolved in 10 pts. 
of 11,80,. Flat plates. V. sol. alcohol, ether, 
acetic acid, and chloroform, v. sol. water. By 
further bromiualion it yields tri-bromo-nitrani- 
line [1053 ’] (Ndlting a. Collin, B. 17, 200). 

Bromo-nitro-aniline 

C i; H,Br(N0 2 )(NIL) [1:1:5]. [151°]. Formed by 
the action of alcoholic Nil, upon (1,5,1)-di- 
bromo-nitro-beiizeiie [02°] or on (l,4,5)-bromo- 
di-nitro-benzene [50 ’j (K.; Wurster, /?. 0, 1542). 
Orange needles. Gives by diazo- reaction p-bromo- 
nitro-benzene. Is not basic. Dilute 11NO, (S.G. 
1-38) slowly forms bromo-di-nitro-phenol [81°]. 
Bromo-di-nitro-aniline 

C,II,Br(N()_.).,(N1I,) [1:53:5:0]. [151] (L.); [144°] 
(K.). Formed by brominating di-nitm-anilinc* 
(K.), or by heating di-nitro-moLliyl-aniline with 
llOAo and Br (Leymann, B. 15, 12531). Yellow 
needles. Converted hy boiling KOI I into bromo- 
di-nitro-phenol [118 ]. 

Bromo-di-nitro-aniline C, ; ILBr(NO,),(NII.,). 
[160°]. From di-bromo-di-nitrn-benzene [100°] 
and alcoholic NIL, at 100' (Austen, Ji. 9, 919). 
Orange scales. 

Bromo-di-nitro-aniline C, IIBr (N 0,),,( N r TI,). 
[178 s ]. From di-bromo-di-nitro-benzeno [117 ,J J 
and alcoholic NH :< (K.). 

Bromo-di-nitro-aniline. Benzoyl deri¬ 
vative CJLBr(NO.,).,(NHBz) [1:53:5:1]. [221°]. 
Small needles; formed by nitrating benzoyl 
bromo-nitro-aniline C ti H,L. (NO,)(NJlBz) [1:53 4], 
or benzoyl di-broino-anilinc (.Johnson, B. 10, 
1710). * < , . 

Brorao-di-nitro-aniline. Benzoyl deri¬ 
vative C i; II,Br(NL).,).,(NJrBz). [190°J. Formed 
by nitrating benzoyl-p-bromo-aniline (M< inecke, 


nitrile (Gabriel, B. 15, 1992). Slender yellow | B. 8, 501), is probably 1 lentical with tho pre 


needles, sol. alcohol and acetic acid, si. sol. cold 
water, v. si. sol. ether and CS 2 . t 

BROMO-NITRO ANILINE 
C»H„Br(NO,)(NH,) [1:3:6]. [101°]. Formed by 
heating C a II,Br.(NO_) [59~ with alcoholic 
NH, at 1110° (Kdrncr, G. 4, 371). tfollow 
needles ; gives jre-brorao-nitro-benzene hy dinzo- 
reaction. Br forms di-bromo-p-nitro-unilino 
(203°]. 

Benzoyl derivative C,;H,IS'(NO,,)(NHBz). 
[160°]. From benzoyl-p-intro-aniline and Br 
(Johnson, B. 10,1709). 

Bromo-nitro-aniline CJl.Brf NO.) (Nil,) [1:3:4]. 
[111 3 ]. B. -014 at 20 1 i S. (alcohol) 10'4. 


coding. 

Di-bromo nitro-aniline CJI..Br.(NO.)(NH 2 ). 
[75°]. From dibromo-di-nitro-benzcne [159°] amt 
alcoholic Nil., at lnO ’ (Austen, B. 9, 622). Bed 
needles. * 

Di-bromo-o nitro-aniline C H..Br.,(N0. 2 )(NII.) 
[1:3:!>:«]. [127°] (llentscliel, ]>r. [2] 34, 426). 

Formation.—1. By brominating o-nitro-ani- 
line or (l,3,4!-bromo-nitro-aniline.— 2. By the 
action of alcoholic NH., on (l,3,4,r>)-tri-bromo- 
nitro-benzene or the methyl ether of (l,3,5,6)-di- 
bromo-nitro-phcnol (K.). 

Properties. —Orange needles. 

Acetyl derivative C.li.lb 2 (NO_)(NIIAo). 
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[209°]. From acetyl-di-bromo-aniline by nitra- 1 sublimable. On reduction it gives (a)-diamido* 
tion. Needles, v. sol. alkalis (Reramers, B. anthraquinone (Claus a. Hortel, B. 14, 981). 

7,348). I p BROMD-o-NITRO-BENZALDOXIM 

Benzoyl derivative C <I H*Br JS (NO a )(NHBz) ! C 7 H,N,.0 ; ,Br i.e. [2:4:1] C li H,(NO,)(Br)(CH:NOII) 
[1:3:5:6] ? [195°]. Formed by broininating ; [153°]. Prepared by heating o-nitro-p-diazo- 
benzoyl-o-nitro-aniline (Johnson, B. 10, 1710). benzaldoxiin with IIBr (Gabriel a. Meyer, B. 
Yellow noodles. j 14, 827). Fine needles. Sol. alcohol, ether, 

Di-bromo-p-nitro-aniline C, i II,Br.,(NOJ(NH.) acetic acid, and Hot benzene. 

[1:3:5:21. [207 J ] (L.); [203°] (K.). ' ' | o-BROMO-NITRO-BENZENE C li TI l Br(NO,) 

Formation. —1. By brominating p-nitro-&ni- [1:2]. Mol. w. 202. [4L°J (F. a. M.); [43°] (K.). 
line or (l,3,fi)-hromo-nitro-aniline.—2. By the (201° i.V.). Formed, together with a much 
action of alcoholic NH :I on tri-bromo-nitro-bcnz- larger quantity of the p-isomcride, by nitrating 
one [112°] or the methyl ether of (l,3,5,2)-di- bromo-bonzonc (Tliibnor a. Alsberg, A. 156, 310; 
bromo-nitro*phenol (K.). — 3. From tri-bromo- Z. [2] 0, 309; Walker a. Zincke, B. 5, 114; 
aniline in HOfVc by warming with cone. IIN0 3 : Fittig a. Mager, B. 7, 1179). Yellow ilcedles, 
for a short time (LosanUsch, B. 15, 474). ' more sol. alcohol than thep-isomeridc. 

Properties. —Thin yellow needles. Displace-J Reactions. — 1. SnOL reduces it to o-bromo- 
ment of NlLbyllgivcstri-bromo-benzene [112 J ]. aniline.—2. Alcoholic NH, at 190 > gives o-nitro- 
Tri-bromo-nitro-uniline C (i H Br(Vi O,) (N1L) 1 aniline (W. a. Z.).—3. UNO, gives bromo-di- 

t l:3:5:4:G]. [103°]. From ?a-nitro-aniline and nitre-benzene [72 *]. -1. KONf and alcohol at 
iromine-vapour (K.), or from (l,2,4)-bromo- ' 190 3 gives C,.H l Br.CN.—5. Heating with KOHAq 
nitro-aniline and Br in llOAc (Nolting a. Collin, | gives o-bromo-phenol. 

B. 17, 200). Pale greenish-yellow needles in | ja-Brorao-nitro-benzene CJl,Br(NO ii ) [1:3]. 
Btellato groups; v. sol. alcohol. Converted by \ [50°]. (257° i.V.). 

diazo- reaction into (l,3,5,l)-tri-bromo-nitro- j Formation. — 1. From w-nitro-aniline by the 
benzene. j diazo- reaction (Gricss, T. 1804 [3] 712).— 

Tri-bromo-nitro-anilino C ti HBr 3 (N0 2 )(NH.) , 2. From (1, 3, 4)-bromo-nilro aniline (Wurster, 
fl:3:5:4:0]? [215°]. From its acetyl dcriva- ' B. 0, 1513; 7, 410). —3. From nitra-benzene 

tive (Uemmers, B. 7, 351). Flat yellow needles; ! (10 g.), Fo 2 Cl ti (1 g.), bromine (13 g.) in sealed 

si. sol. alcohol. This body miglit be expected to tubes for 12 hours at 70 J (Seheufelon, A. 231, 
be identical with the preceding. 105). The yield is 80 p.c. of the theoretical.— 

Acetyl derivative C (i HBr.,(N0 3 )(NIIAc). 4. By tho action of a hot solution of cuprous 

[232°]. From acotyl-(l,3,5,0)-tri-bromo-anilmo bromide upon m-nitro-diazo-benzeno sulphato 
(R.). Noodles. (from ?a-nitraniline) (Sandmeyer, B. 18, 1495). 

Di-acetyl derivative C, ) IIBr a (NO. i{ )(NAc. <: ). Properties. —Yellow trimetric plates. Not 
Formed by nitrating di-aeetyl-tri-bromo-aniline. attacked by KOIIAq or alcoholic NII,. 

Tri-bromo-nitro-aniline C t .HBr.,(NO..)(NEi.) p-Bromo-nitro benzene C H t Br(NO,) [1:4]. 
[1:2:3:5:6]. [101°]. From (l,2,4)-bromo-nitr6- [120°]. (250° i.V.). 

aniline [151°] and bromine vapour (K.), Lemon- B'ormation. —1. The chief product obtained 

yellow needles (from alcohol). Converted by by dissolving bromo-benzene in fuming HN0 U 
diazo- reaction into (l,*2,3,5)-tri-bromo-nitro- • (Coupcr, ^4. 104, 220). - 2. From p-nitro-aniline 
benzene [112°]. . by die diazo- reaction.—3. From bromo- nitro- 

BROMO-NITRO-ANTHRAQUInONIJ : aniline [151°]. -4. From bromo-benzene p-sul- 

C,,H (1 (NO..)(Br)0. i . [201° uncor.J. Prepared by ni- phonic acid and IINO a (Spiegclberg, A. 197,257). 
trationof letra-bromo-anthracenc. White needles. 5. Formed by the action of precipitated CmO (1 
Sublimable. Sol. acetic acid, si. sol. alcohol, I mol.) uponp-broiuo-diazo-benzcncnitrito(lmol.) 
ether, and chloroform. On reduction it gives j obtained by adding slowly a solution of 15 g. of 
amido-ftnthraquinone(Clausa.IIcrtel,B.14,980). : NaNO a in 50 c.c. of water to a mixtnroof 17 g. oE 
Bromo-di-nitro-anthraquinone | p-bromo-aniline, 20g. IIN0 3 (1*4), and 50 c.e. of 

C- u H ,Br(NO.) [213° uncor.]. Prepared by water. The yield is small (Sandmeyer, B. 20,1490). 

nitration of tri brouro-anthraccne with a mixture Properties.—Long white needles, si. sol. 
of fuming 1IN0 3 and fuming JLSOy Yellow IIOEt. 

needles. Sol. ^enzeno, chlbrofom., and acetic Reactions. —1. Resembles o-nitro-aniline in 

acid, m. sol. alcchol and ether (Claus a. Diern- reactions 1 and 2.—2. Alcoholic KCN at 190’ 
folhier, B. 14,1333). gives ?»-bromo-benzouitrile (Richter, B. 4, 402). 

Di-bromo-nitro-anthraquinone 3. Br at 250 3 gives p-di-, w-tri-, and s-tetra- 

C, 4 HBr.,(N0.,)0. : . [24o° uncor.]. Prepared by bromo-benzencs (Ador a. Billiet, J. 1870, 370). 
nitration of tetra-bromo-anthVaccne. Sublimable. Bromo-di-nitro benzene C fl II,Br(N0 2 ) 2 [1:3:4]. 
Fine yellow needles. V. sol. hot acetic acid, [59 D ]. From /a-bromo-nitro-benzene, 1INO., and 
less in alcohol ami ether. On reduction with ILS0 4 (Kornor, J. 1875,332) Monoclinic plates 
sodium-amalgam it gives amido-antliraquinono. (from ether-alcohol). Alcoholic NH 3 at 180° 
Di-bromo di-nitro-lnthraquinone forms C^I^B^NU.^iNlL) [1:4:3] [151°]. Boiling 

C l4 n,Br 2 (N(>...) 2 0... [239° uncor.]. Prepared by NaOMAq (S.G. 1*135) gives C ti H { Br(NO i .)(OIl) 
nitration of tctra-bromo-anthracene with a [1:4:3] and a little C,ll ( Br(NO i .)(OH) [1:3:1] (Lait- 
mixture of fuming II 2 SO, and fuming HN0 3 . benheimer, B. 11,1159). 

Needles. Sol. acetic acid, benzene and chloro- Bromo-di-nitro-b3nzeneC IJ H 3 Br(N0 3 ). ({ [1:2:4]. 
form, si. sol. alcohol and ether (C. a. D.). [72°]. From bromo-benzene, fuming HNO„ and 

Tetra-bromo-di-nitro-anthraquinone in the cold (Kekul6, A. 137, 107; Spiegel- 

C N H a (NO.J.Br l O. J . [105°]. Prepared by nitra- berg, A. 197, 257). Large yellow prisms. Aloo- 
tion of dibromo anthraeene-tetrabromide. Sol. holie NIL, forms di-nitro-anilinc. KOHAq forma 
alcohol, ether, benzene, and acetic acid. Not di-niiro-phcnol [114 , J. Sn and HC1 gives i/;- 
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phenylene-diamine (Zinoke a. Sintenis, B 5,791). 
Crystallises with benzene as (0 3 H s Br(N0 2 ) 2 ) 8 C,,H 4 

~Bromo-di-nitro-benzeneC tt H.,Br(N0 2 ) 2 . [87°]. 
Di-bromo-di-nitro-benzene [158°] is treated with 
alcoholic NH., at 100° and in the resulting 
C tt H 2 Br(N0 1 .),{(Nl:L) hydrogen is substituted for 
Nil, by the diazo- reaction (Austen, B. 8 1183). 
Not affected by alcoholic Nil.,. 

Di-bromo-nitro-benzene C u H,Br.(N(>,) [1:2:4]. 
Mol. w. 281. [59°]. From o-di-bromo-benzene 
and HN0 3 (Riese, A. 101, 179). Monoclinic 
tables (Groth a. Bodewig, B. 7, 1563). May bo 
reduced to di-bromo-auiliue [80°]. 

Di-1)roino-nitro-benzene 0 u H.,Br 2 (N0 2 ) [1:3:4]. 
[02°]. Formed by nitrating m-di-bromo-benz- 
ene (Meyer a. Btiiber, A. 105, 170). Triclinio 
prisms (by sublimation, G. a. J3.); volatile with 
steam. Converted by alcoholic NH :I at 190° 
into (l,4,3)-bromo-nitro-aniline. Reduction 
gives (l,3,4)-di-browo-ariiline. Alcoholic KCN 
ut 250° gives the nitrilo of di-bromo-bcnzoic 
acid [209°] (It.). 

Di-bromo-nitro-benzene C„H. ( Br,(NOu) [1:3:2]. 
[83°]. Separates from the alcoholic mother- 
liquors from which the preceding has crystal¬ 
lised. Prisms or lamina). Alcoholic Nil., at 
190° gives nitro-m-phenylono-diamino (Korner, 
G. 4, 300). 

Di-bromo-nitro-bcnzcne C n H 3 Br 2 (N0 2 ) [1:1:5]. 
[85°]. From p-di-nitro-beuzcnc by nitration 
(Riche a. B6raid, A. 133, 51). From wi-bromo- 
nitro-benzene (14 g.), Br., (11*2 g.), and Fe 2 Cl u 
(4 g.) at 80° for 12 hours (Scheufelcn, A. 231, 
169). Yellowish-green tablets (from ether- 
alcohol). Alcoholic NIL, at 210° gives (1,3,4)- 
bromo-nitro-aniline. Sn and 1IC1 gives p-di- 
bromo-aniline [51°]. Alcoholic KCN gives the 
nitrile of di-bromo-benzoic acid [152°]. 

Di-bromo-nitro-benzene C^IIaBr.^NO.J [1:3:5]. 
[105°]. From (1,5,3,0) or (1,5,3,2) di-bromo- 
nitro-aniliue by diazo- reaction (Korner). P p isms 
or tablets (from ether). May be reduced to di- 
bromo-aniline [57°]. 

Di-bromo-di-nitro-benzene CJI./Br^NCb).,. 
[117°]. Formed by nitrating m-di-bromo- 
ben/.eno (Korner). Greenish-yellow needles, 
volatile with steam. Heating with KOHAq 
gives bromo-di-nitro-phcnol [92°J. 

Di-bromo-di-nitro-benzene C,,HJlr ; .(N (),),, 

[58°J. Formed by nitrating o-di-bromo-benzene 
(Austen, B. 8,1182). Prisms (from 110 Ae). Bydis- 
placemcntof Br byNII 2 andII successively it may • 
be converted into bromo-di-nitro-benzeno [S7°l. 

Di-bromo-di-nitro-benzene C ll HJJr 2 (NO.J 2 . 
[120°]. Formed in small quantities in the pre¬ 
paration of the preceding body (A.). 

Di-bromo-di-nitro-benzene C I1 H 2 Br 2 (NO..) 2 . 
[159°]. Formed by nitrating^-di-hrnino benzene 
(Austen, B. 9, 021]. Small needles. Alcoholic 
NIL, forms di-bromo-nitro-aniline [75°]. 

Di-bromo-di-nitro-benzene* * 

CJJ.Br a (N0 2 ) 2 [1:4:2:6J. [10CP]. Forced in 

preparing the preceding (A.). Alcoholic NIL, 
converts it into bromo-di-nitro-anilino [160°]. 

Tri - bromo - nitro - benzene C 0 lI_.Br.,(NO..) 
[1:3:4:6J. Mol. w. 360. [94°]. Formed by ni- ; 
trating u- tri -bromo -benzene (Mayer, A. 137, ! 
220). Palo yellowish-green needles (from alco¬ 
hol). Alcoholic NH 3 gives bromo-nitro-p- 
phenylenc-diamiive. 


Tri-bromo-nitro-benaehe 
C 0 H,Br 3 (NO,) [1:2:3:63- [112°]. From (1,5,3,6)- 
di-bromo-nitro-aniline [203 a ] by displacing- 
NH. 3 by Br, or from (1,2,3,5,4) tri-bromo-nitro- 
anilino by displacing NH 2 by II (Korner). Tri¬ 
clinic crystals; a:6:c-1 005:1:*4823 (La Valle, 
G. 10, 1). lleduction gives tri-broino-anilinc. 
Alcoholic NIL, gives di-bromo-nitro-aniline[203°]. 

Tri-bromo-nitro-benzene 
C„H,Br ;i (NO,)[l:2:l:OJ. [120 ]. From (2,4,6,1) 
di-bromo-nitro-andine by diu.’.o reaction (K r- 
iict). Needles (from 110Ac). Alcoholic NII 3 
gives the parent di-br<>mo-niiro-anilinc. 

Tri-bromo-nitro benzene 
CJl.Br ;t (N0 2 ) [l:3:5:2j. [125°]. (177°) at 11 mm. 
Prepared by nitration of .s-tri-bromo-bonzene 
with UNO., (1*5) (Wurster a. Bcran, B. 12, 1821; 
cf. C. L. Jackson, B. 8, 1172). Formed also by 
diazo- rotation from (L,3,5,2,4)-tri-bromo-nitro- 
aniline (Korner, G. 4, 122). Monoclinic prisms ; 
a:b:c - *0518:1: *8695 ; 99 0 •1G , (Pancbianco, G. 

9, 354). Tin and IICl reduce it to ordinary tri- 
bromo-aniline. Alcoholic NIL, at 170° gives 
(l,l,3,5)-bromo-nitro-phenylene-diamine. 

Tri-bromo-nitro-benzene 
CJI..Br a (NO,) [1:3:1:2]. [above 187°]. Formed 
in small quantity in preparing the isomeride 
[94 J ]. Sublimes at 187°. 

Tri-broiuo-di-nitro-benzene 
C„lIBr.,(NO,)., [1:2:1:3:5? ]. [135°]. Formed by 
nitrating the preceding body (Mayer). Triclinic 
crystals; o:Ikc~ *455:1: '457 (Pancbianco, G. 1f r 
355). Alcoholic NII :j gives bromo-di-nitro- 
phonylcne-diamine. 

Tri-bromo-di-nitro-benzene 
C d IIBr ;l (NO_.) 2 [1:3:5:2:0]. [192'*]. Glistening, 

needles. Prepared by nitration of «s-tri-bromo - 
benzene with HNO, and H z SO, (Wurster a. 
Beran, B. 12,1821). 

Tetra-bromo-nitro-benzene 
C,TIBr,(NO..) [l:3:i:5:6]. [96° after several fu¬ 
sions). Slender needles, [60°] (from alcohol). From 
•M-tctra bromo-bonzone by nitration. Formed 
also by heating C r (NO.,)Br^SO ,lI with IICl (V. v. 
liichtcr, B. 8, 1427 ; Langfurth, A. 191, 202). 

Penta-bromo-nitro-benzene C 0 Br.,(N0 2 ). 
[228°]. From u - tetra - bromo - benzene and 
fuming HN0 3 (R.). Monoclinic prisms (from 
benzene). 

BROMO - NITRO - BENZENE SULPHONIC 
ACIU C 0 H 3 Br(NO..)(SO 3 H) L l:l:2]. [130 J -135°]. 
From bneqio-benzene o-sulpho.iic acid and cone. 
HN0 3 (i>an»mann, A. 186, 315* 'From p-bromo- 
nilro-benzeno and fuming I..SO, (Augustin a. 
Post, B. 8, 1559). Flat yellow columns, v. e. 
sol. water. Reduction gives amido-benzene m- 
sulphonic acid; exchange of N0 2 for Br gives 
p-di-bromo-benzene sulphonic acid. AgA'.— 
BaA' 2 5aq. S. (of BuA'.J 5 3 at 16 *.—CaA' 2 4aq. 
—CaA' 2 6. 3 aq (A. a. I\). — K.V. — Na.V.—NH 4 A'. 
PbA' 2 5aq.~ ZnA' 2 7uq. » 

Chloride CJI 3 1 >r(NO.,)(SO.Cl): [92°]; tables. 

Amide C. ( H 3 Br(N0 2 )(S0 2 Nil 2 ). [205°J. 

Bromo-nitro-benzene sulphonic acid 
C„H a Br(NO J (SO, ,H) [1:0:2]? Formed in small 
quantity in preparing the above by nitrating- 
bromo-benzene o-sulphonio acid (B.).—BaA'^. 
S. -156 at 8°. K.V. 

O A Zor idc C n hL ( Br(N0 2 )(S0 2 Cl): [97'"]; tables.. 

Amide C u II 3 Br(N0J(*S0 2 NHj. [216°]. 
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Bromo-nitro-benzene-sulphonfo aoid Di-bromo-nitro-benzene sulphonlo add 

C„H.,Br(NO..)(SO a H) [1:3:6]. Formed by heating O s H,Br 2 (N0 2 )SO a H[l:8:4:6] [above200°]. Formed 
nitro-diazo-benzene-sulphonic acid (1:3:0) with by nitrating C„HjBr 2 SO s H [1:3:4] (Biissmann, A. 
HBr (Limpricht, B. 18, 2180). 191, 233). Deliquescent needles or prisms (con- 

Chloride : [75°], large yellow tables. taining yaq).— KA'. S. 1-4 at 21-5°. — BaA,aq. 

Amide : [160°], small white tables. S. (of T!aA',) 1*06 at 24°.—CaA'. 2 6aq.—PbALiaq. 

Bromo-nitro-benzene sulphonic acid Chloride C JT,(NO,)Br.,SO„Cl. [115'5°]. 


€„HjBr(NO..)(KO ; ,H) [1:4:3], Formed by nitra- 
ting bromo-benzenem-sulplionicacid (Bcrndsen, 

A. 177, 93 ; Thomas, A. 180, 124). Deduced to 
ami 'In. benzene o-sulphonic deal. Kxchange of 
NO., for Hr gives p-di-bromo-benzcne sulphonic 
acid.—AgA'l,',nq.—BaA', 3aq. S. 2’4 at 7°.— 
CaA'..Oaq.—dvA'.— Nil A'. —PbA'.,3aq. 

Chloride .. C,n.,Br(NO a )(BO*.Cl). [83°]. 

Amide C 6 H a Br(NG,)(S<),NH,). [170°]. 

Biomo-nitro-benzeno sulphonic aci'. 
O a H a Br(NO,)(SO.,II) [1:2:4], Formed By nitra¬ 
ting bromo-bevzeno p-sulphonic aci?i (Ooslieh, 
A. 180, 93; Limpricht, B. 8, 43C). Formed 
.also by sulphonating o-bromo-nitro-bonzene 
(A. a. 1>.; Andrews, Jt. 13, 2127). Deduction 
by HI at 120“ gives amido-benzene m-sulphonic 
acid. - BaA'.. aq. S. (of liaA'.,) 1'71 ut 13° (A.). 

- BaA’ a 1 Imp H. (of llaA'..) 1-46 at 9° (G.).- 
CaA',2aq~(A. a. 1’.).—CaA', 2]aq. 8. (of CaA',) 
471 at 9 ’ (G.).—CuA'o9’aq.—KA'. S. 1-02 at 
9° (G.). NH,A'. S. 6-96 at 9“.—PbA', 2aq.- 
J!nA'»2aq. 

Chloride C a H a Br(NO,)(SO..Cl). [10°-50°] 
'(A.); [57“] (G.). 

Amide C 6 H a Br(N0.,) (SO.NII,): [177°]; plates. 

Bromo-nitro-benzene di-sulphonic acid 
C l H a Br(NO,)(SO a H),. From nitro benzene m- 
sulphonic acid rid di-nitn>-benzeno di-sulplionio 
acid and amido-nitro-benzone disulphonic acid 
(Limpricht, li. 8, 289). Trimetric tables (con¬ 
taining aq). 

Di-bromo-nitro-benzene sulpbonic acid 

C„H,Br,(NO,)(BO a H) [1:2:4:6J. From o-di- 
bromo-benzene sulpbonic acid and fuming 
HNO a (Goslich, A. 186, 132). ltaductmn gives 
•di-bromo-anilinc sulphonic acid.—J>aA', 3aq. 
«S. *9 at 7“.—CaA'..4aq*—CaA', 6aq.—KA'.— 
N11,A'.—PbA'., 3aq. B. •« at 11°. 

Chloride C, 1 H.Br..(NO.)SO..Cl. [99°]. 

Amide C„H..Br a (Nb..)B(LNH 2 . [211°]. 

Di-bromo-nitro-benzene sulphonic acid 
C a H,Br,(NO,)(SO a II) [1:4:3?:5], From (1,4,5). 

di-bromo-benzene sulphonic acid and IlNO a 
"(Borns, .4. 187, 358 ; lliibner a. Williams, A. 
1C7, 121). Hygroscopic prisms which blacken 
.at 100°.—BaA'\q.—BaA',, l.'.aq. La A . “ [aq.— 
BaA' 2 Gaq.—BaA, 9aq.- CaA 7 , 3aq. CuA'. aq.— 
KA'aq. - KA'2.',aq. —NH,A' .‘,aq.— Pl>A',2aq.— 
PbA',3nq. 8. UV3 at 10°. 

* Chloride C„H,.Br,(NO.,)(SO.,CI). Oil (?). 

Amide C„IT 2 Br 2 (N0 2 )(80,N11 2 ). [178°]. 

Di-bromo-nitro-benzene sulphonic acid 
'C„H 2 Br 2 (N0 2 )(S0.,H) [1:3:4:5J. From s-di- 

hromo-benzene sulphdtiic acid and HNO a (Lenz,< 
A. 181, 32). Tablets (containing zaq); not 
hygroscopic. By exchanging N0 2 for Br it is 
converted into (l,3,4,5).tri-bromo-bcnzenc sul- 
:phonic acid. BaA'- liaq. 8. '73 at 20°.— 
BaA’, 4nq.—CaA'., 3aq.—KA'aq. S. 109 at 20°. 

- NH,A'.—PbA', 5aq. 8. -120 at 20°. 

Chloride C„Il.Br.,(NO ,.)(S0,C1). [121°]. 

Amide C.UjBr^NOJlSO.NH,). Blackens 
at 300“. 


Amide C„H _.(XO a )Ur,SO a NH a . Minute 
tablets. Not molted at 210°. 

Tri-bromo-nitro-benzene sulphonic acid 
C s TIIir,(NOJSO.|II 2aq [1:3:5:2:6J. [c. 100°]. 

Formed by nitrating C a H,Br a SO a H (Langfurth, 
A. 191, 196; llcinkc, A. 18(5, 282; Biissmann, 

A. 191, 2111). Hygroscopic, monoclinic prisms. 
Cone. HCl at 180“ gives II. SO] and 
C,JLBr. ( (NO.,) [125°].— KA'. S. -70 at 5° (B.); 
1-33 at 11“ "(L.).—BaA'.. aq. S. (of BaA'.,) -207 
at 1-5° (I!.)-, -331 at 15“ (L.). BaA', l‘aq.— 
CaA'„2aq.—1‘bA'.9aq. S. (of PbA'.,) ‘63 at 7° 
(B.); *93 at 10“ (L.).—PbA',1 Jaq.—PbA' 2 PbO 7aq. 
—PbA'.PbO Oaq. NII,A'. 

Chloride C„TITfr a (NO,)SO,Cl. [145°]. 

A midc 0 u HBr ;l (N0-)S0 2 NII 2 . 
Tri-bromo-nitro-borzcne sulphonic acid 
CJIHr a (NO.)(SO ;1 TI) [1:2:3:4:5]. From (1,2,3,5). 
tri-bromo-benzene suljdionic acid by nitration 
(Limpricht a. Lenz, B. 8, 1072, 1132 ; A. 181, 
41). Lamina'.—BaA',laq, S. '074 at 18’.-- 

CaA'„3aq. S. 105 at 20°. — KA' aq. S. ’1C 
at 18“. NH,A'aq. PbA'-aq. 8.-14 at 20°. 
Chloride C,.HBr,(N6..)(SO,Cl). [11(1°]. 
Amide C B HBr a (N6..)(S*0-NII a ). [202°]. 
Tri-bromo-nitro-bcnzene sulphonic acid 
C„HBr a (NO.,)(SO a lI) [1:3:4:2:6]. [125“] or, anhy- 
drous, [111 ]. Front (1,2,4,5)-tri-bromo-benz- 
ene sulphonic acid and UNO., (Spiegelborg, A. 
197, 284) columns (eontainiug 3aq),—AgA'aq. 
S. (of AgA') '45 at 7°. BaA',3nq. S. (of BaA'.,). 
•669 at 9°.— CaA’., 4 ]aq. 8. (of CaA'..) 1'95 at 
8“. KA'. S. 1'19 at 8°.—NTl.A'. 8. H18 at (W>°. 
—PbA'-Oaq. 8. (of PbA'.,) '853 at 7°. 

Chloride C, Ulh',(X(Lj(SO.Cl). [143“]. 
Amide CJIBi ,(NO..)(BO..NiI,). Blackens 
at 250°. 

Tri-bromo-di-nitro-bonzcne sulphonic acid 
CBr. 1 (N0,),80 a II [1:3:5:2:4:01- [216°]. From 
C, i lLllr.,KO :) H and cone. UNO., at 100° (Biiss- 
liuinn, A. 191, 239). Colourless cclunins (con¬ 
taining 3a<i). Not hygroscopic, but v. sol. 
water, sol. alcohol. — With water at 230“ it giveB 
C,HBr.,(NO,)„ and II SO,, ltcduced by Bn and 
HCl to C B H..i!r(Nll..)*BO.,H.—Nll.A'aq.—KA'aq. 

B. (of KA') -48 at 24 . BaA'., 9aq. S. (of BaA' a ) 
'•83 at 21°.— CaA'., 7,',aq. -■ PbA',Oaq. B. (of PbA',) 
1-02 at 19-5°. 

Chloride C,Br.,(NO„).SO..C1. [203°]. 
Amide C„Br,(NO a )-SO..NH 2 . [200°]. 
Tctra-bromo-nitro-benzene sulphonic acid 

C. Br,(N0 2 )SG a H [1:2:3:5:4:6], Got by nitrating 
C„llBr 1 SO a H. Crusts of needles (containing4aq). 
V. sol. alcobol add water (Bcckurts, A. 181, 220; 
Langfurth, A. 191, 202). With cone. HCl at 
200“ it gives C s HBr 4 (NO„) and IP,SO,.—KA'IJaq. 
S. (of KA') -57 at 10-5°.~*BaA',9aq. S. (of BaA',) 
■36 at 11° (13.); -100 at 14-5“ (L.).—NH,A'aq. 
B. (of NII.A') 1-01 at 11°.—CaA', 8aq. S. (of 
CaA',) -16 at 6°.—PbA', 9aq. 8. (of PbA',) -06 
at 6°. 

Chloride CJ!r,(NO,)SO,Cl:[147-0°];tablet!. 
Amide', crystalline powder. 
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Tctra-bromo-nitro-beniene culphonio sold 

OjBr 4 (NO»)SO,H [1:2:3:4:5:6]. [173°]. From c- 
tetra-bromo-benzene sulphonio acid and HNO, 
(Spiegelberg, A. 197, 297). Slender needles (con- 
tainlngaq).—BaA' 3 4aq. S.{of BaA'.,)’22 at 12°.— 
BaA'» 9aq.—CaA' z aq. S. (of CaA'.,) 2'8 at 13°.— 
KA'aq. S. (of KA') -17 at 11°. -Nil,A'. S.-46 
at 11°.—PbA'.,2aq. S. 012 at 11°. 

ChlorideC lj Br 1 (NO ;I )(SO..Cl): [173°]; prisms. 
Amide C e Br,(N0,)(S0 2 NII„). Blackens at 
200 °. 

BROMO-NITRO-BENZOIC ACID 

0,II :l Br(N0,)C0,li [1:4:3], (111°]. Formed, 

together with tlio isomeride [250°] by nitrating 
m-bronvo-benzoie acid (Hiibner a. Oblv, . ,2] 1 
1, 547; 2, 241; A. 113, 230; 222, 102). 

Monoclinic prisms.—NaA'3aq.—NaA'2],aq. 

KA' 2aq. — BaA'., laq. — CaA',, 2aq.— MgA', 4aq.— 
PbA',.— CuA' 2 . AgA'. 

Ethyl ether KtA': [55°]; monoclinicprisms. 
Bromo-nitro-bonzoio acid C u ll 3 Br(N0 2 )fl0 2 II 
[1:3:5], [101°]. S. -057 at 11°. Formed from 
O.H,(NH..)(N0 2 )CO.,H, glacial acetic acid, IlBr 
(8.(4. 1-19), and nitrous acid gas (Hescmaim a. 
Kohler, A. 222, ICO). L«ng noodles (from water, 
benzene, ether, or CS*), whetstone - shaped 
crystals (from glacial acetic acid) or thin six- 
sided plates (from alcohol). — KA' laq. — 
BaA',S.'.aq.—CaA',ruj.— MgA', aq. - J5nA,4Jaq. 
— CdA' 2 "41aq. SrAV - AgA'. PbA',. 

Bromo-nitro-benzoic acid C ti II y Br(NOjCOJI 
[1:3:0]. [104°]. Formed by oxidation of 

C ]ljBr(NO,)Mo by dilute HNO., (Scbeufelon, A. 
231, 173). V. sol. ether and dilute alcohol. SI. 
sol. water. Reduced by Bn and HC1 to m-bromo- 
aniline, CO, going oil. -■AgA'. 

Bromo-nitro-benzoic acid C, i ll. 1 Br(NO-)((-0.1i) 
[1:4:0], [180°]. From C„H,Melir(NO.,) [1:2:5]and 
dilute UNO, (Seheutelen, A. 231, 181) or by 
nitrating o-bromo-bonzoic acid (linrghard, It. 8, 
500). Almost insol. cold water, si. sol. liot water, 
v. sol. other and dilute alcohol. Alcoholic Nil, 
at 130° gives p-nitro-aniline and (1, 4, (i)-amido- 
nitro-benzoic acid.—BaA',, 5[aq. 

Ethyl ether KtA': [66°.; needles. 
Bromo-nitro-benzoic acid 
C s II.,Br(NO..)CO,U [1:2:4], [199°]. Formed by 
nitration of p-bromo-beiizoic acid [248 ] (ITiib- 
ner, A. 143,218; ltaveill, A. 222, 177) ami by 
oxidation of tbo corresponding bromo-nitro- 
toluene (Schcufelcn, A. 231,183). Bong needles 
(from water) or plates (from dilute alcohol); v. 
sol. ether, si. sol. water. Reduction gives m- 
amido-benzoic aeirl. 

Salts.- -AgA'.—BaA', 4 aq.—Mg A , 6aq. 
Ethyl ether KtA': [74°]; prisms. 
Bromo-nitro-benzoic acid 
C.H,Br(N0.)CO.H [1:2:3]. [250°]. From m- 
bromo-benzoic acid by nitration. beparalod 
from its isomeride [141°] by being less soluble in 
water (Hiibner, zl. 743, 234; A. 222,101) Mono¬ 
clinic octahcdra (from oilier). NaA aq.--. 
BaA',4aq.—MgA'.Oaq. 

Ethyl ether KtA': [80°]; prisms. 
Di-bromo-nitro-bonzoic acid 
C„H,Br,( NO,) C O J1 [3:4: 2or0 :1]. [102°]. 

From di-bromo-benzoio acid [230 ] by nitration 
(E. F. Smith, A. 222, 188). Colourless needles; 
reduction gives anthranilic acid. 

Salt s.—PbA'.,.—NaA' 3aq.- K A.—I«»A , aq. 
- CaA'.3Aau.—MgA',. 


Di-hromo-nitro-benrou# acid 

C,H,Br,(NO,)(CO,H). [162°]. Formed by nitra- 
tiDg the di-bromo-benzoio acid [223°-227°] 
obtainod by brominating benzoio acid (Anger- 
stein, A. 158,13). Needles (from water). Re¬ 
duction gives di-bromo-auiido-benzoic acid 
[19(1] and then anthranilic acid. NuA'daq. - 
BaA',. 2aq. This acid is perhaps identical with 
the preceding. 

JH-bromo-nitro-benzoic acid 

C,JT-Br.,(NO.,)C<). II. [3:5:2:11. [233° |. Formed by 
nitration of C„H,hr.COJl (Ilcsemann a. Kohler, 
,4.222, 173). Long colourless needles; may bo 
sublimed.— BaA'., laq. - CaA',.—AgA'.—KA'. 

BItOMO-NITRO o-BENZYL-I IIENOE 
C,„ll, l ,lirX0 3 . 1105 ’-lltV'J. From potassium 
nitro-u-bonzyl-phenol sulplionie acid and Br 
(Rennie, C. ,1. 49, 410). Yellow scales (from 
i alcohol). 

Bromo-nitio/i-benzylplicuol 

l*li.OIL, C,-I l.Br(N 0.3011 [1:3:5:4.;. [65°]. 

J:\irniatinii. —1. From potassiebromo-benzyl- 
plu-nol siilphonate and dilute HNO., (1:1) 
(Rennie, C. J■ 41, 223).—2. From potassie mtro- 
benzyl-phenol sulphonatc, 0,11,0, and Br.— 

3. From nitro-bcnzyl-phenol, C,H,0,, and Hr.— 

4. From benzyl-phenol by first brominating 
and then nitrating. 

l'ropertics.— Crystalline scales (from alcohol). 
— KA'. Red scales.' UNO, oxidises it to bromo- 
di-mtro.pheiio!,C„II..Br(N6. 2 ).OIl[l:2:3:5][118°]. 

BHOMO-NITRO-BTJTANE C.ll.BrNO, i.e. 
C.,II,.CHBr(N0 2 ). (181° cor.). From intro- 

butane, potash, and Br (Ziiblin, It. 10, 20So). 
The three following compounds are prepared in 
a similar way (Z.). 

Di-bromo-nitro-butaneC,n,CBr,(XO,). (201 

Bromo-di-nitro-butane C a IIX’Br(N0 2 ) 2 . Not 
volatile. 

Broino-di-uitro-iso-butano 
(CU :l ),CH.CBr(NO,)... [38 J. Solid resembling 

camphor. \ tatile with steam. Readily decom¬ 
posed by alkalis forming dinitro isolmtane. 

BROMO-m NITRO-CINNAMIC ACID 
[3:1] C 1 H ,(NO .).C IIBr.CO.,H. [212"J. Formed by 
heating the d'ibromide of ni-nitro-benzylidone- 
malonio acid (Stuart, C. -/. 49, 361). 

Bro in o-i)-nitro-cinnamic acid 
[4:l]C, i TI,(NO,).C..llBr.CO,Tl. [1 16°]. V.sol.alco¬ 
hol, ether, chloroform. .81. sol. hot CS,. More 
sol. in cold water than its isomciide 2o5 J. , , 
Sal*»—ItaA'j. Boiled with water gives nitro- 
phcnyl-acetylene, CO, and Bal r_. 

Ethyl ether KtA'. [OS”;. Prisms. From 
C II (NO. )C1JBr.CIlBr.CO,Etand iileohoheKOU 
(C. L. Miiller, A. 212, 131). 

Bronio-n-nitro-rinnam.c acid 
[4:1] C„H,(NO„).ClJl!r.CO,II. [205°]. Slender 
silky needles (from water). SI. sol. cold water, 
insol. cold CS.. sol. alcohol, . ther, chloro¬ 
form, or benzoline. . 

Salt.-BaA',. Decomposed by boding into 
nitm-phcnyl-aectylcne, CO, and BaBr.. 

Ethyl ether VAk'. [93°J. Needles From 

di-exobromo-p-nitro-phenyl-propiome ether by 

alcoholic KOH (C. L. Muller, A. 212, 131). 

Di-bromo-ii-nitro-cinnamic acid 
[4:11 C dI,(NO,).CBr:CBr.CO,H. [c.l80°]. From 
p-ii i| ro"-pl i enyl-prup iolie acid and Br (Drewson, 
A. 212,157).’ 
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Ethyl etherEtk'. r86°]. V. sol.benzene, 
chloroform or glacial HOAo, si. sol. benzoline. 

BHOMO-NIIRO-C1NNAMIC ALDEHYDE 

C»I1 ,(>JO ; ).CH:OBr.CHO. [97°J. Long yellowish 
needles. Formed together with the isomeride 
[13C>°] by nitration of a-bromo-cin mimic alde¬ 
hyde. 

Plicnyl-hydrazidc. [131']. Large yellow 
plates (Zinckc a. Hagen, B. 17, I S HI). 

Bromo-nitro-cinnamic aldehyde . 

C^II^NO^.CII'.GBr.ClIO. [d3G°J. Yellowish 
needles. Formed as above. 

Phcnyl-hy dr azide, [lot 0 ]; red crystal¬ 
line solid, sh sol. alcohol (Z. a. JL). 

DI-BROMO-,NITRO-o-CRESOL 
C li ]T(CII ; ,)(NO,)(13r),(()ll) [l:l:.r:2] [02°]. 

Formed by bromination of nit.ro-o-crcsol 
C, i H <l (CH ; ,)(N0 2 )(0H) [1:1:2]. Yellowish needles. 
V. sol. alcohol and ether, nearly in ol. water 
(Molting a. Collin, JJ. 17, 270). 

Di-bromo-nitro-p-cresol 

CJlMe(N(),.)(OH)Br,, [ 1:2:4:?:?]. [83°]. From 
aqueous nitro-cresol, [78”], and bromine-water. 
Long yellow needles (from alcohol). Insol. cold 
water, v. si. sol. hot water, v. sol. alcohol or 
ether (K. Knecht, A. 215, 81); B. 15, 1071). 

Salts. — C (; JI Me( N 0.) (ONa) Br« 2 aq. Red 
needles (from alcohol). - 0, HMe(N0 2 )(0K)Br 2 aq. 

DI-B KOMO-NITRO-CUMENE 
CJI,.CHBr CBr(NO,.).CH,. Di - bromo-nitro - 

phenyl - propylene. [77°-78'5 0 ]. From 
l'h.Cil:C(NO,.).CII 3 and Br (Priehs, A. 225, 3G2). 
Colourless prisms (from light petroleum). Not 
decomposed even by hot aqueous NaOH, thus 
differing markedly from the corresponding di- 
bromo-nitro-ethyl-benzeue. 

Bromo-nitro-^-cumene 

C„llMo 3 Br(N0 2 ) [l:2:4:5:a:]. [102°]. Formed by 
nitration of bromo-pseudo-cumene [73°] by 
fuming UNO,. Needles. Sol. benzene, si. sol. 
alcohol (Kelbe a. Bathe, B. 11), 1548). 

Bromo-di-nitro-\J/-cumene 
C u Me 3 Br(N0 2 ) 2 [1:2:-1:3:5:(*>]. [181°*. Formed by 
nitration of bromo-pseudo-cumene *1:2:4:3]. 
Long yellowish needles. SI. sol. hot alcohol, 
nearly insol. cold (Kelbe a. Pathe, B. 19,1551). 

Bromo-di-nitro-^-eumene 
C,;Me 3 Br(N0 2 ) 2 [ 1:2:1:5;3:G]. [214°]. Formed by 
nitration of bromo-pseudo-euinenc (73°J with 
fuming UNO, and cone. IPSO,. Microscopic 
tables. Sol. benzene , si.sol. hot alcohol, nearly 
?;nol. cold alcohol (Fittig, A. 147, 14 ; Kelbo a. 
Pathe, B. 19, 1518). . A • 

BHOMO-NITM iso-CUMENOL ‘C.lI.JIrNO, 
i.e. C 6 IL,(O a II 7 )BANO,)(()ll) [1:5:3:2]. Bromo - 
nitro-isopropyl-phcnol. [33°]. From bromo-iso- 
propyl-phenol and JlX0 3 (Fileti, G. 10, 123). 
Palo yellow needles (from dilpte IIOAc). 

Bromo-nitro-iso-cumenol 
C,H..PrBr(NO a )(OH)[l:3:G:2]. [88°]. Fromnitro- 
isopropyl phenol and Br (F.). Nacreous tables 
(from dilute alcohol); volatile with steam. 

BROMO-NITRO-CUMYL-PROPIONIC ACID 
C,.,H, 4 BrN0 4 i.e. 

C tt n a (C a H 7 )(N0 2 ).CHBr.CII 2 .C0 2 n. [127°]. 
From o-nitro-o.so-propyl-cinnamic acid and HBr 
(Einhorn a. Hess, B. 17, 2020). 

Di-bromo-nitro-cumyl-propionio acid 
C a II a (0 3 Il 7 ) (N 0 2 ) .CIIBr.Cni lr.C0 2 H. [171°]. 

From o-nitro-eso-propy 1-cinnamic acid and Br 
(Widman, B. 19, 2G0). 


Dl-hromo-nitro-cnmyl-propionio aoid. [184°]. 
From wi-nitro-eso-propyl-cinnamic acid and Br 
(Widman, B. 19, 418). 

BROMO-NITRO-CYMENE C 10 H,..BrNO 2 i.e, 
C„H..Me(C a H 7 )Br(N0 2 ) [l:4:3:xr]. Formed by 
nitrating the bromo - eyineno derived from 
thymol (Mazzara, G. 10, 193). Oil, volatile 
with steam. 

Bromo-di-nitro-cymene 

C ti llMoPrBr(N0 2 ) 2 [1:4:2?:?:?]. [98°]. Formed 
by nitrating bromo-cymene (229°). Monoclinio 
prisms (Gcriehten, B. 11, 1092). May bo iden¬ 
tical with the following. 

Bromo-di-nitro-cymene 

C,.HMePrBr(NO.,) 2 [1:4:3:?:?]. [94°]. Formed 

by nitrating the bromo-cymene derived from 
thymol (M.). Slender yellow needles. 
Bromo-nitro-isocymene 

C,.1P.(C 3 II ; )(CH,)(Br)(N().,) [4:2:1:?]. [121°]. 

Long rod needles. Prepared by nitration of 
(l:2:i)-bromo-isocyineini (Kelbe, B. 15, 40). 

Bromo-nitro-?u-isocymene (?) C 10 lI 12 (NO ? )Br. 
[83°]. From di-bromo-w-isooymene by nitra¬ 
tion (Kelbe a. Czarnomski, A. 235, 281). 

Bromo-di-nitro-isocymene 
C (i ll(C.,II.) (Cll.,) (N0,.) .( I >r). [55°]. Short thick 
needles. Prepared by nitration of (0)-bromo* 
isocymene (Kelbe, B. 15, 42). 

bROMO-NITRO ETHANE G.li.BrNO., i.e. 
CH a .CIIBr(NO._>). (147°). Formed by dissolv¬ 
ing nitro-ethane (q.v.) in aqueous caustic potash 
and adding bromine : Gll r CH K(N0 2 ) + Br a -■ 
GH.,.CH13r(N0 2 ) + KBr (Meyer a. Wurster, B. G, 
91; Tsclierniak, B. 7, DIG; A 180, 120). - Pun¬ 
gent oil. Forms unstable sails. 

Bromo-di-nitro-ethane Cli,.GBr(N0 2 ) 2 . From 
Brand potassium dinitroetbane ('J’er Meer, J. 
181, 15).—Oil, volatile with steam; decomposed 
by K..CO 3 which forms GfI,.CK(NO..)... 

Di-bromo-tetra-uitro ethane 
CBr(N()..) 2 .CBr(N0 2 ) 2 . J’’rom ethylene bromide 
and fuming IINO s , or from G.(NO..),K 2 and Br. 
TJnslable liquid ; forms with potash a compound 
C.l»r 2 (N0 2 ) 4 2K0il, m. sol. hot water, which ex¬ 
plodes at about 180°. Ammonium sulphide con¬ 
verts it into C.,K.,(N0 2 ) 4 . SO., forms NII a , HBr, 
and HGN. Aqueous K..SO., forms yellow crys¬ 
tals G.(N0 2 ) 4 K 2 3K 2 S0 4 (Villicrs, G. li. 94, 1122; 
98, 431). 

Di - bromo - nitro-ethane CH.,.CBr 2 (N0 2 ). 
(1G5 C '). Formed by adding potash to a mixture 
of nitro-ethane (q. v.) and the calculated quan¬ 
tity of bromine (V. Meyer, B. 7, 1313). Indif¬ 
ferent oil, insol. KUO. 

• BROMO-NITRO -ETHENYL - NAPHTHYL- 
ENE-DIAMINE 

C, 0 H,Br(NO 2 )<^ H yc.Cn 3 [4:«:f]. [242“]. 

Formed by nitration of ethonyl-(4:2:l)-bromo- 
naphthyiene-diamino (Prager, 13. 18, 21G2). 
Yellow needles si. sol. alcohdl, v. sol. IINO s Aq. 

a.'a-DI-BROM(\o-NITRO - ETHYL - BENZENE 
C«H ; Br..NO., i.e. [2:1] C,H 4 (N0 2 ).CIlBr.CH,Br. 
o-nitrfj-styirnc dibromidc. [52°]. From o-nitro* 
styrene and Br (Einhorn, B. 1C, 2213). 

&a-Di-bromo-w-nitro-ethyl-benzene 
[3:1] C (1 H,(N0 2 ).CH13r.CH,Br. [79°J. From w- 
nitro-styrene and Br (Prausnitz, B. 17, 598). 

wa-Di-bromo-p-nitro-ethy 1-benzene 
[4:1] G U H.,(NOJ.CIIBr.CH 2 Br. [73°]. From p- 
nitro-styrene and Br (Easier, B. 1G, 300G). 
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i#a-Di-bromo-w-nitro-etliyl-benzene 
C fl H 3 .OHBr.CHBrN0 3 . [86°]. From «- nitro - 
phenyl-ethylene and Br (Erdmann, B. 17, 414). 
Also from w-nitro-ethyl-benzene and Br (Priebs, 
A. 225, 341). Monoclinic crystals, a:b:c =* 
1*257:1:1*89G; L = 83 3 5F. Gold aqueous NaOII 
gives bromo-nitro-styrono. 

wa-Di-bromo-aio-di-nitro-ethyl-benzene 
[2:1] C,.H,(N0 3 ).CTIBr.CHBrNO.,. [91 J ].. From 
£»)0-di-nitro-phenyl-ethylcne and Br (Priebs, A. 
225, 352). White needles, v. si. sol. ligro'in. 

wa-Di-bromo-wp-di-nitro-ethyl-beazene 
[4:l]C li H,(NO,).CHBr.CTIBrNO, L103 J J. From 
ajp-di-nitro-phenyl-othylene and Br (P.). Plates. 

DI-BR0M3-NITR0 ETHYLENE 
G.HBr^NO..). [112°]. From sodium tri-nitro- 
rosorcin C, j H(NO J ) 3 (OH)(ONa) in aqueous solu¬ 
tion. and bromine vapour (Morz a. Zctter, U. 12, 
20*6). Prisms (from CHOI.-,); does not combine 
with Br. Zn and HOI give ethylamine. 

DI-BROMO-DI-NITRO-FLUORESCEtN 
G 20 H 1 jBr ;4 (NO < i). J O 4 . From di-bromo-fluorcscem 
and HNOj, or from di-nitro-tiuoresce'in and Br. 
Yellow needles ; is not fluorescent. 

Acetyl derivative [256’J (Baeyer, A. 
183, 61). 

BROMO-NITROFORM v. Buom o-rni-xiruo- 
MKTHAN'E. 

BROMO-NITRO-HYDROCINNAMIC ACID v. 

BttOMO-NITin-PIIENYL-imOl'IOXIC AC 10. 

BROMO NITRO-MESITYLENE 0 : ,lI l( ,BiN0_. 
i.c. C.HBrMe.^NO.J. [5l J J. Formed by nitrating 
bromo-mes : tyleno (Fittig a. Storer, A. 117, 7). 

Bromo di-nitro-mesitylene C i Bi , Me J (NO.) r 
[104°]. From di-bronio-mesitylene by fuming 
UNO.,. Needles (Siissonguth, A. 215, 218). 

BROMO-NITRO-METHANE CH,Br(NO,). 
(114'). Formed by the action of bromine on 
sodium nitro-methane (Tscheruialc, 7>. 7, 916; 
.4. 180, 128 v. Nituo-meiiiane). Pungent oil. 
The bromine and nitroxyl render its hydrogen 
displaceable by sodium : it is a strong acid. 

Bromo-di-nitro-raethane CfTBr(NO._,),. From 
di-bromo-di-nitro-methano and alcoholic KOII 
(Villiers, Bl. [2] 37, 452; Losanitsch, Ji. 16, 
51); or from (a)-di-bromo-camphor and cone. 
11N0 3 (Kachlcr a. Spitzcr, M. 4, 558). Oil. 

Salt. -CKBrfNO.,),: S.G. 1-25; tricliuic 
crystals which explode at about 147 '. Induc¬ 
tion by sodium-amalgam gives I1CN, HBr, and 
NIL, (Villiers, Bl.\'2\ 11, 282). Ammonium 
sulphide gives di-nitro-mothano. 

Bromo-tri-nitro-mcthanc OBr(NO a ).,. Bromo- ' 
nitroform. [about 12 3 J. S.G. 2*8. From 
nitroform and Br in sunlight; or from mercuric 
nitroform and Br (Scliischkoff, A. 119, 217). 
Decomposes at H0\ but volatile with steam. 

Di-bromo-nitro-methane GHBr a (NO.). 
(155°-160°). Formed hy adding bromine to 
potassic bromo-nitio-methane: 

CHKBr(NO,) + Br, = CHBr^NO,) + KBr. 
Bromopierin, insoluble in potash, is formed at 
the same time (Tschorniak, A. 180, 130). ‘ Very 
pungent oil, volatile with steam, soluble in 
caustio soda. 

Di-bromo-di-nitro-methane CBr a (NO.).. 

[c. 0°j. Formed by the action o: cone. IIN0 3 
on tri-bromo-anilinn, ethylene bromide, bromo- 
phenol, or di-bromo-^-toluidine (Tjosanitsch, B. 
15, 472 ; Villiers, Bl. [2] 37, 452). Greenish- 


yellow, pungent oil, volatijk with steam. Alkalis 
form salts of bromo-di-nitro-methane. 

Tri-bromo-nitro-methane GBr 3 (N0 2 ). Bromo - 
picrin [10°]. S.G. &; 2-811. 

Formation.— From nitro-methane, bromine, 
and KOH (V. Meyer a. Tscherniak, A. 180,122). 

Preparation. — CaO (4 pts.), JHLO (50 pts.), 
Br._, (6 pts.) and picric acid (1 pt.) are mixed in 
the order named and the product is distilled 
(Stnnhouse, P.M. [4] 8, 36; Groves a. Bolas, .1. 
15o, 253; G. J. 23, f 153). 

Properties.— Pungent prisms, may be dis¬ 
tilled in vacuo. Converted by Br into GBr,. 

BROMO-DI-NITRO-METHYL-AI}.ILINE 
C,lLBr(NO.,),NHMe [1:3:5:6J. [147°]. From 

di-nitro-methyl-aniline # and Br. Yellow crys¬ 
tals ; boiling aqueous KOH gives bromo-di- 
nitro-phcnol (Norton a. Allen, B. 18, 1996). 

B romo«iitro-di-methy 1-aniline 
CJI : ,Br(N0 2 )NMe.. [4:3:1]. [72 ]. Bong crystals. 
Formed together with other products by tho 
action of nitrous acid upon ^-bromo di-methyl- 
aniline (Koch, B. 20, 2160). 

BROMO-DI-NITRO - METHYL - DI PHENYL- 
AMINE C^H^NBrfNO,.).,. flOPJ. Light yellow 
tables. Formed by brmuinalion of di nitro- 
methyl-di-plionyl-amine (Leymaim, />. 15,1236). 

BROMO-NITRO-NAPHTHALENE 
C^lliBriNO.) [1:4]. [85°]. From (a) bromo- 

naphthalene and HN0 3 . Yellow needles. PBr s 
gives CJIdir, [8l°] (John, Bl. [2j 28,515). 

Bromo-nitro-naphthalene 
C 10 H ii Br(NO.) [1:1' or 4']. [122-5 , J. S. (93 p.o. 

alcohol) *337 at 15-7°. From (a)-nitro-naphtha- 
leno and bromine (Guareschi, A. 222, 291). 
Yellow needles (from alc(dml). KMn0 4 ‘gives 
bromo-phtlialic acid [174°-176 '. 

Bromo-nitro-naphthalene C, l) ir [1 Br(NO ; .) [3:1]. 
[131°]. From (2,4,l)-bromo-nit,ro(a)-naphthyl- 
amine by the dia/.n- reaction (I m-hermann a. 
Bcheiding, A. 183, 262 ; Mcldola, G. J. 47, 508). 
Straw-coloured needles. Fixchango of NO._, for 
Br give:? (1,3) -di-bromo-naphthalnio [61 'J. 

Bromo-nitro-naphthaleno C,„l Mlr(N0 2 ) [1:3]. 
[132’]. From (u)-naphthylamme by bromina- 
tion, nitration, diazotisation Ac. (Liebermann, 
B. 8, 1108; A. JH3, 262). Yellow needles; Sn 
and IICI give (/3)-naphthylaniine. 

Bromo-di-nitro-naphthalene 
C„,II BriNO.).. [170"J. Long glistening needles. 
Formed together with theiLlbnving isomeride 
nitration # of («)-bromo-naphthulene with fuming 
1IN0. ( (1-5). Not' attacked hy boiling with 
aqueous NaOM. On oxidation with dilute UNO;, 
it gave a small quantity of (j)-nitro-phlhalio 
acid (Morz a. Weith, B. 15, 2710). 

Bromo-di-nitro-naphthulene 
C„,lf,Br(NO..) r tu5 1- Tables or prisms. Formed 
as above. Not attacked by boiling aqueous NaOH. 
On oxidation witli dilute HNO, it gave a little (u). 
nitm-phthalic acid (Mcrz a. Weith, B. 15,2710). 

Bromo-tetra-nitru-nafphthalcno 
G lo H ; ,Br(NO a ),. L190°]. Needles. S. (benzene 
at 18’) 3*7. Formed by further nitration of 
bromo-di-nitro-naphthalene |170'J by heating 
with a mixture of UNO., and it.SO,. It dissolves 
in caustic alkalis forming tetra-nitro-naphlhol. 
NFT, converts it into tet.ra-iiitro-naphtliyJaiuine, 
and aniline gives the phenyl derivative of the 
latter. On oxidation with dilute HNO, it givan 
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di-nilro-phthalic acict [337°] (Mere a. Weith, B. 
16,2712). 

Bromo-tetra-nitro-naphthalene 

C 10 H 3 Br(N0 2 ) r [245°]. White glistening needles. 
Nearly insol. ordinary solvents. Formed by 
nitration of bromo-di-nitro-naphthalene [143°] 
with a mixture of UNO, and H a SO,. It is at¬ 
tacked by alkalis with difliculty. NH., converts 
it into tetra-nitro-naphthylamine and anilino 
gives the phenyl derivative of the latter. On 
oxidation with dilute HNO fJ it gives di-mtro- 
phthalic acid [_200'J (Merz a. Weith, B. 15, 
2718). 

Di-bron\p-nitro-naphthalene C„,II v Br 2 (N0 2 ). 
f9G'5°-98 l, J. One of the products of action of 
Br on nitro-naJ)hthalenn. Small yellow needles 
(from alcohol) (Guarcselii, A. 222, 280). 

Di-bromo-nitro-naphthalene 
C l0 H 5 Br.,(NO 2 ) [1:4:1']. [110*5°]. tyrorn (1,4)- 
di-bromo-naphthalene and HN0 3 (S.G. 1*4) in 
the cold (Jolin, Bl. [2] 28, 515). FC1, gives tri- 
bromo-naphtlialene [85°]. 

Di-bromo-nitro-naphthalene C lt ,II,Br 2 (N0 2 ). 
[100°-105°]. From di-bromo-naphthaionc [68°] 
und I1N0 ;< (S.G. 1*4) (Canzoneri, G. 12, 427). 

Tri-bromo-di-nitro-naphthalene 
C, 0 H 3 Br :i (N()..)«. From (1, 2, 4)-tri-bromo-naph- 
thaleno and fuming HNO., (Brager, li. 18, 21G4). 

BROMO - NITRO - (a) - NAPHTHOIC ACID 
C 10 H s Br(NO..)CO 2 H [1:4:4']. [200°]. Formed by ; 
nitration of bromo-(a)-naphthoic acid [248°]. | 
Small yellowish prisms (from alcohol). Its am- i 
monium salt forms glistening plates, si. sol. j 
cold water (Ekstrand, B. 10, 1135). 

BROMO-NITRO-(a)-NAPHTHOL 
C, 0 H A Br(NO s )(OH) [2:4:1 j. [130°]. From (2,4,1)- ! 
bromo-nitro-acetyl-(a)-naphthylamine and cone. 
NaOII. Silky needles (from alcohol); oxidation 
gives phthalie acid. 

Salts.—C lo II 5 Br(N0 2 )(ONa)aq: red needles. 
—(C„,IL,Br (N O.,) O). J3a 3aq. 

Methyl ether C, 0 H 1 Br(NO a )(OMe). [115°]. 
Palo yellow silky needles (MeldolafG. J. f 47, 407). 

Bromo-nitro-(a)-naphthol C lo H,Br(&0 2 )OII. 
[142°]. From acetyl-broino-(a)-naphthylainine 
by nitration and saponilication (Biudonnann a. 
Renimcrs, B. 7, 538). 

BKOMO-NITHO-(a).NAPHTHYIAMINE 
C, 0 H s Br(NO.,)(Nn.) [2:1:1). [1P7' 1 ]. From the 
acetyl derivative by dissolving in cone. II.SO, 
Mid ppg. with wate., Orange noodles; gives 
phtbalic acid on oxidation (Meldola, C. J. 
47,41)7; 43,9). ' , 1 

Acetyl derivative C, 0 H.,Br{NO ! )(NnAc), 
[22,I 0 ). from acctyl-(a)-naplithylamiue by 
nitration and bromination. Bale ochrcous 
needles. 

Bromo-nitro-(a)-naphtbyfamine 
C la H,Br(NO_.)(NIl,) [4:2:1]. [200°]. Brora 
acetyl-(o)-bronio-(a)-naphthylamino by nitration 
and saponification (fiiebcrmann a. Schoidiug, 
A. 183, 258). OxidiSvd by dilute UNO, W 
plitbalic acid. Elimination of Nil, gives bromo- 
nitro-naphtbalene [132°]. Cone. II iirAq at 130° 
gives (1, 2, 4)-tri-broino-naplitliaU‘»o. 

Acetyl derivative C 1B II 3 BrfN0 z )(NHAc). 
[232°]. 

DI-BBOMO NITKO-ORCIN CJL.Br.N’O, i.e. 
C B Me 11 r,(NO,)(OH)[112°). From (fl)-nitro- 
orcin and Br. Yellow lamime (from alcohol).— 


Ba[C I H,Br J NOJ, 2aq: red needles (Weselsky,. 
B. 7, 444). 

BROMO-RITBO-o-OXY-BERZOIC ACID 

O.H,Br(N0 2 )(OH)CO,H [5:3:2:!]. BromO-nitm- 
salicylic acid. [175°). Yellow needles. Formed 
by nitration of bromo-salioylio acid in acetic: 
aoid solution.—A',Ca zaq: V. sol. water.—A'Jla: 

yellow needles.-C # H 2 Br(N0 2 )<^ C Q®^>Ba2aq: 

red crystals.-C e H 2 Br(NO.,)< C °-°>Pb: nearly 

insoluble pp. (Lellmann a. Grothmann, B. 17, 
2729). 

Bromo-nitro-o-oxy-benzoic acid 

C ti H 2 Br(N0,)(0H)C0,,H [3:5:2:1]. [222°]. Colour¬ 
less needles. V. sol. alcohol, ctlier, and hot. 
i water. Formed by bromination of nitro-sali- 
| eylic acid in acetio acid solution. 

Salts. —A' 2 Ba4aq : long yellow needles.— 
A' 2 Ca Gaq: yellow prisms (Lellmann a. Groth- 
mann, B. 17, 2724). 

Bromo-nitro-o-oxy-benzoic acid. Methyl 
derivative C l .H..Br(NOj(OMe)(C0 9 H). From, 
methyl bromo-isopropyl - phenyl oxide and 
UNO., (S.G. 1*3) (Porafoner, G. 1C, 420). A di- 
bromo-nitro-o-oxy-benzoic acid is also formed. 

Bromo-nitro-p-oxy-benzoic acid. Methyl 
derivative C ti H,Br(N0 2 )(0Me)(C0..H) [l:8:2:5j. 
[182°]. Bromo-nitro-anisic acid. Formed by 
nitrating bromo-anisic acid. 

Ethyl ether EtA\ [85°]: needles(Balbi- 
ano, G. 14, 241). 

DI-BR0M0-DI-NITR0-DI-0XY-DI-PHENYL 
SULPHONE 

C 1 ,II li Br.,N,SO H i.e. (C ti H,(NO,)(OH)Br),SO... 
[285°]. From di-nitro-di-oxy-di-phonyl sul- 
plione in CS 2 and Br (Annalieim, JJ. 9, GG0). 
Yellowish needles. — C, 2 lI 4 Na 2 Br 2 N 2 SOg 2aq : 
i orango needles. 

! BR0M0-NITR0-0XY- PIPERIDINE - v - CAP. - 
BOXYLIC ETHER O a H,(Br)(NO.J(OH)N.CO*Et 
[157°]. Colourless purisms ; sol. alcohol. Formed 
by fhe action of Br in HOAc on nitro-dehydro- 
piperidine-v-carboxylic ether (Scliottcn, B. 10, 
GIG). 

BR0M0-NITRO-PHENANTHRENE v. PiiEN- 

ANTHUUNE. 

BKOMO-o-NITRO-PHENOL 

C i; H :{ lir(N0 2 )(Oil) [1:4:3]. [44°]. Formed, to¬ 
gether with tho following body [88'] by boiling 
(1, 3, 4)-bromo-di-nitro-ben/.eno with aqueous 
KOI! (Laubenheimer, B. 11, 1100). Prisms; 
volatilo with steam.—NaA': scarlet needles.— 
BaA' 2 aq : red needles, si. sol. water.—CaA' 2 2aq. 

. AgA'. 

Bromo - o - nitro - phenol C ti II 3 Br(N0 2 )(0H) 

[1:3: IJ. [88°]. 

Formation.— 1. From jp-bronio-plionol and 
HNO ; , (Hulmer a. Brenken, B. G, 170; Korner, 
G. 4, 388).—2. From o-nitro-phonol (45g.) and 
Br (52g.) (Brunck, Z. 18A57 , 203).—3. From 
bromo-di-nitro-pjuenol (v. sup.). 

Properties. — i allow monoclinic laminm (from 
alcohol) a:6:c = 2-941:l:l-G25. j3G4° 2'(Arzruni, 
Z. Kryst. 1, 43G); may bo sublimed; v. sol. 
alcohol and ether, slightly volatile with steam. 
Reduced by Sn and HC1 to bromo-ainido-phonol 
(Schiitt, J.jrr. [2] 32,61). 

Salts.—Na(C ti ll 3 BrNO s ): red needles with 
golden-green lustre, v. sol. wator.—KA' 2aq.—• 
BaA'j.—AgA'. 
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Methyl ether C«H 3 Br(N0 2 )0Me. [88°]. 

From the silver salt and Mel by boiling; or from 
the potassium salt, MeOH and Mel at 110°. 
Needles. V. sol. hot alcohol or hot ether, v. si. 
sol. water (Stacdol, A. 217, 55; B. 11, 1750). 

Ethyl ether CuHjBi^NO.JOKt. f.13°} (S.); 
[47°] (II.). From the potassium salt, EtI and 
alcohol at 100°. Formed also by nitrating o- 
bromo-phenetol. 

Benzyl derivative 

C b H 3 Br(Nd 2 )(OC 7 H 7 ). [84°]. Yellow needles. 
Insol. water, v. sol. alcohol and glacial acetic 
acid, si. sol. benzene, ether or chloroform (Roll 
a. Holz, J. pr. [2] 32, 57). Reduced to bromo- 
amido-plaenoi, when treated with Sn and IIC1, 
benzyl chloride splitting off. 

Br omo-m-nitro-phenol C b fI.,(Br) (X O..) (Oil) 
[?:3:1], [147°] (L.); [110 J ] (P.). Prepared by bro- 
mination of wi-nitro-phonol (Pfal'f, B. 10,012; 
Lindner, B. 18, 012). Yellow needles. Sublim¬ 
able. SI. sol. hot water, CS 2 anil petroleum- 
ether, insol. cold water. On reduction with tin 
•and HC1 it gives w-ainido-plienol, the Br atom 
being eliminated.—KA' 2aq ; red crystals, sol. 
water and alcohol.--Naif'aq : yellowish - red 
crystals, sol. water and alcohol.—BaAL 4aq. 

Methyl ether A'Me: [101 u j; white 

needles, v. sol. alcohol and ether, on reduction 
with tin and llCl it gives /n-anisidino. 

Ethyl ether Ft A'. [57 lJ J: prisms. 

Bro&o-p-nitro-phenol C (i H a Br(N0.,)(01i) 
[1:3:0]. L102 U J. Formed by brominating p- 

nitro-phcnol (Brunck, Z. 1807, 201). Satiny 
needles (from ether or alcohol); in. sol. water.— 
Ba(C b H 3 BrN0 3 ) 2 Gaq: orange needles, m. sol. 
water. 

Methyl ether MeA'. [100°].. From the 
potassium salt, Mel and MeOH at 110°. White 
needles (from alcohol). V. sol. hot alcohol or 
ether, m. sol. hot water (Staedel, A. 217, 00). 

Ethyl ether EtA'. [U8 J ] (S.); [55°] (H.). 
Formed like the preceding (8.). Fromje-nitio- 
plienetol and Br (IJalloch, B. 14, 37). Yellow 
needles (from alcohol). Y. sol. alcohol or ether. 

Benzyl ether 0 b fI 3 Br(N0 2 )(00 7 H 7 ). [120°J. 
Nearly colourless plates (from alcohol). Insol. 
water, sol. alcohol and ether (It. a. H.). Reduced 
by Sn and IIC1 to bromo-p-amido phenol and 

c,n 7 ci. 

Bromo-di-nitro-phenol C b H.,Br(NO.,) 2 (()II) 
[1:3:5:4J. [8G J ] (K.); [71°] (Austen); (70'j 

(Armstrong). Formed by nitrating p-bromo- 
phenol in HOAc, or by brominating and nitrat¬ 
ing o-nitro-phonol (Korner, A. 137, 205 ; Arm¬ 
strong a. Provost, B. 7, 022). Formed also by 
brominating di-nitro-phenol |G4 U J (Korner, G. 
4, 305); and by boiling di-nitrated p-di-bromo- 
benzene with aqueous KN0 2 (Austen, Am. S. [3] 
10, 40). Yellow monoclinic nrisins, a:b:c — 
2'795:1:1*778; 0 = 07° 53' (Arzruni, loc. cit..). 

Water and Br at 100 J tdiango iteinto the iso- 
meride [118°J (Armstrong, C. J. 28,520). 11I^0 3 
forms picric acid. 

Salts.—NH,A': silky red needles ; sol.boil¬ 
ing water and alcohol. - Nil,A'aq. --BaA' 2 : yel¬ 
low needles, sol. hot water.-- CuA' 2 : rhort brown 
needles, insol. water.—KA': long red needles, si. 
sol. water. —AgA'.— CaA' 2 8aq. 

Ethyl ether EtA' [00°]: small needles, 
sol. alcohol and hot water; saponified by cold 
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NaOFIAq (Schoonmaker a# Van Mater, Am. 8, 
187). 

Bromo-di-nitro*phenol C fl HJh-(NOA,(OII). 
[91*5°]. Formed by nitrating ?n-bronio-"plienol, 
and also from di-bromo-di-nitro-plieiiot [117°] 
and boiling aqueous KOH (Korner, <i. 4, 305). 
Prisms (from alcohol or ether). The K salt 
forms yellow needles. 

Me thy l ethe r MeA' [109 ], 

ETomo - di - nitio - phenol O, lLI>r(NO.,)..OII 
[1:3:5 :CJ. [I18°J. 1 

Formal uni .—1. From (1,3,4)-di-nitro phenol 
and Br (Laurent, Rev. Sclent. 0, 05). -2. By 
nitrating o-bromo-phenol (Korner, (l‘ 4, 391).— 
3. From o-uitro-plienol , by brouiination and 
nitration.—4. l>y boiling bronio-di-nitro-anilino 
[144°J with aqueous KOII (Korner).—5. By 
nitratiug br^minatod phenol disulplionic acid or 
di-brominated phenol p-sulphonie acid (Arm¬ 
strong a. Brown, C. J. 25, 801, 805).—0. By 
warming the isomcrido [c. 70°J with Br and 
water (Armstrong, C . J. 28, 520). -7. From 
picric acid, water, and Br (Armstrong, FI. 0, 050). 
8. By nitrating tri-bromo-phenol (Armstrong a. 
Harrow, 6\ J. 29, 477).—9. From broirio-nit.ro- 
benzyl-phenol in HOAc by UNO.,: benzyl being 
displaced by N0 2 (Rennie, C. J. 41, 225). 

Properties .—Yellow prisms. Needles (from 
alcohol). 

Salts.—KA'aq : flat yellow needles, si. sol. 
cold water.—KA'Haq. BaA/3Jaq. BaAL laq. 
—BhA' 2 5aq : yellow needles, si. sol. water.-- 
— CaA' a 7aq. — CaA' 2 8aq. - - Ca.\' 2 12aq. — 
NH,A'2aq.—NaA' l laq.— PbAL 2.iq. 

Methyl ether MeA'. [48°J. From bromo- 
anisic acid and HNO ;t . Yellow prisms, sol. alco¬ 
hol and ether, insol. water (Balbiano, G. 11,285). 

Di-bromo-o-nitro-phenol CJI ,Br,(NO.,)(OH) 
[1:3:5:0J. [1I7*5 ;J J. 

Formation. —1. From o-nitro-phenol and Br 
(Brnnck, Z. 1807, 203 ; Korner).—2. From 
(l,3,4,)-tii-broni^-plienol by nitration (K.).—3. 
By nitrating di-bromo-pbenol sulphonic acid 
(Armstrong a. Brown, G. J. 25, 803). 

Properties .—Golden monoclinic prisms (from 
alcohol) ; a:b:c = •515:1: , 591; /3^-05-23' (Arz- 
[ runi, Z. Krysl. 1, 430). Volatile with steam; 
may be sublimed; v. si. sol. water. Heated 
with bromine at 100° it gives some of the iso- 
merido [141°] together with t. tra-bronio-quinoiie 
and (L,3,G)-bromo-nitro-phenol (Ling, C. J. 51, ‘ 
117). • , 

Salt.—KA': scarlet needles, v. si. sol. cold 
Vater. f 

Methyl ether Me A'. [77°]. From the 
silver salt and Mel; alcohol c Nil, converts it 
inlodi-bromo-nitio-ai tlino [127 C J wlience UNO. 
gives di-bromo-nitro-benzene [105° | (K.). 

Ethyl ether EtA'. [40°J. From the silver 
salt, Eli and alcohol a« 100' (Staedel, A. 217, 
58). V. sol. benzene, alcqiiol or ether, insol. 
water. 

Benzyl ether C u H 2 Br 2 (N0 2 )(0C 7 H : ). [65°]. 
Yellow crystals (from ether). Sol. benzene, 
chloroform, and glacial acetic acid, insol. water 
(li. a. H., J. pr. [2J 32, 57). Reduced by Sn and 
IIC1 to di-bromo-amido-phenol and benzyl 
chloride. 

Di-bromo-7u-nitro-phenol CJIRr^NO.^OH, 
[91°]. Formed by heating m-nitro-phenol (1 

QQ 
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mol.) with bromine (2 mola.). Yellowish plates. 
Y. col. alcohol, si. sol. water. 

Salts.—KA'aq: easily soluble orange-red 
needles.—Ag A': sparingly soluble red powder.— 
BaA\6aq : very soluble red noodles. 

Ethyl ether C u H.Br 2 (NO,.)OF,t: [110°]: 
yellowish needles, sol. hot alcohol (Lindner, B. 
18, Old). 

' Di-bromop-nitro-phenoi C tf ILBr. t (NO J j)(OII) 
[1 :5:3:0]. [112°] (Lcllmann a. Grothmartn, B. 
17, ‘2731). 

Formation. —1. By brominating p-nitro- 
phenol or its snlphonic acid (Brunck, Z. 1807, 
201; Post a. Braekcbusoh, A. 205, 01). 2. By 
nitrating trBbromo-phenol dissolved in 110Ac 
(Armstrong a. Harrow, loc. cit.).— 3. In small 
quantity by heating the isomeride [117°] with 
Hr (Ling, C. J. 51, 117). 

Properties. — Prisms, si. sol. water, v. sol. 
alcohol and ether. 

S a 11.—BoA' s 10 aq: yellow needles, efferves¬ 
cing to a red powder. BaA'JUaq.— AgA'. 

Methyl ether Me A': f 123° ] (Korner, CL 4, 
300). From di-hromo-anisie aeid and HNO.„ 
tho COJI being displaced by NO^ (Balbiano, CL 
14, Oh Pyramidal needles; converted by NH 3 
into di-bromo-p-nitro-aniline [203 ’]. 

Ethyl ether [108°]. Long quadratic 
columns (Stacdel, A. 217, 07). 

Benzyl ether CJLBr,(NO,)(OC 7 II 7 ). [01°]. 
Nearly colourless needles (from alcohol). Insol. 
water, si. sol. alcohol, ether, benzene, chloro¬ 
form, and glacial acetic acid (U. a. H.). Reduced 
by Sn and 11C1 to di-bromo-p-amido-phenol (»/. v.) 
and benzyl chloride. 

Tri-bromo-nitro-phenol C.JIBrafNO ).OTI 
[6:4:2:3:1J. [85°] (L.); [80°J (D.). Formed bv heat¬ 
ing ?»-nitro-phonol with Jsr (3 mols.) at 100° 
(Lindner, B. 18, Oi l). Colourless crystalline 
powder; v. sol. alcohol, other, and benzene, v. 
si. sol. hot water. 

Salts.—A'NH,: sparingly^, soluble micro¬ 
scopic needles.— A'Kaq: v. sol.water. -^A'.Be 8aq; 
sparingly soluble orange-yellow crystals.— 
A'.Bauq.—A'.ATgx : easily soluble red plates. 

o-Nitro-benzoyl derivative 
C u HI>r J (NO i .)O.CO.C u If,(NOJ: [12D 3 cor.]; very 
small colourless needles. 

m-Nitro-bcnzo y 1 derivative 
C < HBr a (NO,)O.CO.C tS H l (NO,); [151° cor.]; glis- 
.tening colourless needles; S. (',)0 p.c. alcohol) 
•253 at 14° (Daccomo, B. 18, 1107). 

Ethyl ether EtA': [70°]; prisms. 

BROMO-NI^RO-PHENOL SULPHONIC ACID 
C 4 H l BrNSO tf i.c.C n HBr(NO,)(OTT)S() a II [1:3:G:5]. 
Formed, together with di-bromo-nitro-phenol, 
by brominating (1,4, 3)-nitro-phenol sulplionic 
acid (Post a. Braekebuseh, A. 205,02).—CaA' 2 3aq. 
—BaA',, 3 aq.—C ( ,II. B r N S O ti ( P b OII)2’aq. 

Broiuo-phenol sulphonic acids have been 
obtained by Armstrong (C. J. 25, 857; B. 
7, 401,024) and 1’osV {11. 7,109) by tlio action of 
nitric acid on various brominated phenol sul¬ 
phonic acids, and by the action of bromine on 
(1, 2, 5)-nitro-phenol sulphonic aeid. 

BR0M0-NIT80-DIPHENYL C r II s BrNO.. i.c. 
[4:1] C.H.Br.C.H^NO.,) [1:4]. [173°j. (abovo 

300°). Formed by heating diphenyl (1 pt.) with 
cone. UNO, (l pt.), or from amido-nitro-diphenyl 
by the diazo- reaction (Schultz, A. 174, 218). 
Long white needles (from toluene). CrO # gives 


p-bromo-benzoic acid and a littlop-nitro-benzoic 
acid. 

Bromo-nitro-diphenyl C, 2 H 8 BrNO a i.e. 

[4:1] C li H 4 Br.C,H 1 (N0 2 ) [1:2]. [65°]. (c. 360°). 
Formed together with the preceding. Monoclinio 
columns. Cr0 3 gives p-broino-benzoio aoid 
(Schultz, A. 207, 848). 

Di-bromo-nitro-diphenyl 
C l .II l Br.C 0 II ; ,Br(NO 2 ). [127°]. Formed by nitra¬ 
tion of di-bromo-diphenyl in acetic acid solution 
(Lcllmann, B. 15, 2837). Yellowish crystals; 
v. boI. alcohol, benzene, and acetic acid. 

Di-bromo-di-nitro-diphenyl C,2H fi Br 2 (N0 2 )j. 
From pp-di-bromo-diphenyl and fuming HNO s 
(Fittig, A. 132, 200; S.). Ilair-like 0 'crystals 
(from benzene). Sn and KC1 give di-bromo-di- 
umido-diphcnyl [80°]. 

Di-bromo-tri-nitro-diphenyl 
C fi H 3 Br(NO J ).CJI,Br(NO,)., [177°]. Formed by 
nitration of di-bromo-diphenyl with cold fuming 
IlNO ;l (1-55) (Lcllmann, B. 15, 2838). Small 
colourless needles. Sol. benzene, si. sol. alcohol. 

BROMO-NITRO-PHENYL ACETIC ACID 
C„lLBr(NO.,)CII 2 COJI [1:2:4]. [114°]. Formed 
by nitration of a mixture of o- and p-bromo- 
phenyl-acetic acids (Bedson, G. J. 37, 97). Flat 
greenish-yellow needles. Sol. hot, insol. cold 
water. V. sol. alcohol and ether. K.,Cr a 0 7 and 
H 2 SO, give C ( IIBr(N0 2 )CO..H [199°]. ‘ 

Salts.—BaA'* aq. Its aqueous solution gives 
white pps. with AgNO,, rb(OAc).,, and a blue 
pp. with Cu(OAc).,. 

Methyl ether. McA'. [41°]. Needles. 

Ethyl ether. Oil. 

(a)-Bromo-nitro-phenyl-acetic acid 
C p H :t I»r(NO,)C1 L.C0 2 11. [109°]. Formed by 

nitration of. mixture of o- and p-bromo-phenyl- 
acetic acids (Bedson). Yellowish-white, branch¬ 
ing needles. V. sol. alcohol and ether, insol. 
cold, sol. hot water. 

S al t.—-BaA' 2 4aq. Its aqueous solution gives 
white pps. with AgN0 3 and Pb(OAc) 2 , but & 
green pp. with Cu(OAc) 2 . 

Methyl ether [08°]. Flat needles. 

Ethyl ether. Yellowish needles. 

(fl)-Bromo-nitro-phenyl-acetic acid 
C,,H a Br(NO.j)CIL.CO J1. [1G2°J. Formed toge¬ 
ther with the two preceding (Bedson). Small 
yellow prisms. 

BROMO-DI-NITRO-DI-PHENYL-AMINE 

C,..H H BrN.,0,i.ff.C ( .ILBr(N0 2 ) : ,.N II.CJI V Phenyl- 
bromo-nitro-phenyl-amine. [120°J. Formed by 
warming bromo-di-nitro-benzene [100°] with 
aniline (Austen, B. 9, 920). Orange hair-like 
needles (from alcohol). 

Bromo-di-nitro-di-phenyl-amine 
C K H 4 Br.NH.C ( ,H 3 (N0 2 ) 2 . Bromo-phcnyl-di-nitro- 
phenyl-amine. [153°]. From (1, 2, 4)-bromo- 
di nitro-benzene and di-p-bromo-di-phcnyl-urea 
at 170°. Yellow needled (from ether) (Willge- 
rodt, B. 11, 60.2). 

a Bromo-tri-nitro-di-phonyl-amine 
C,H 2 Br(N0 2 ) J .NH.C u H,N0 2 . [158°]. From bromo- 
di-nitro-di-plienyl-amine [120°] and HNO g (A.). 

Di-bromo-di-nitro-di-phenyl-araine 
C,,H 7 Bi\,(NO..),,N. [196°]. Formed by bromina- 
tion of di-nitro-di-phonyl-amine (Leymann, B. 
15,1236). 

Dibromo-tetra-nitro-di-phenyl-amine 
C ti II 2 Br(N O.Jj.N H.O„H a Br(N 0 3 ) r [235°-242°]. 
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Prom NMe(OJEE£r # )(C,,H 4 Br) and HN0 3 (Gnehm, 
B. 8, 929). Laminaa (from HOAc). 

Tri-bromo-di-nitro-di-phenyl-amine 
CJ, 2 H 6 Br,(N0 2 ) 2 N. [210°]. Formed by nitrating 
tetra - bromo - di - plienyl - amine (C^H^Br.J.NH 
(Gnehm a. Wyss, B. 10, 1323). 

BROMO-NITRO-PHENYL BENZYL OXIDE 
t). BaoMo-NiTKo-riiEXOL, Benzyl ether. 

DI - BROMO - NITRO- PHENYL-CARBAMIC 
ACID. Methyl ether 
[1:3:4] C 8 H,Br,(NO,).NII.CO,Mo. [152°]. From 
methyl-(l,3,l)-di-broino-phcnyl-carbamate and 
HN0 3 (Hentsclicl, J. pr. [2J 34, 425). Prisma 
(from alcohol). NIT 3 forma (1,3,1)-ili-bromo- 
anilinc. 

BROMO-NITRO-m-PHENYLENE -DIAMINE 

C tf H b BrN 3 0 2 i.e. C 1 .H.,Br(NO,)(NII,), [1:2:3:5J. 
From tri-bromo-nilro-benzono and alcoholic NIT, 
for some days at 175° (Komer, G. 1). Orange 
needles; decomposes at 103°. Converted into 
2?-bvomo-bcnzeno by the diazo- reaction. 

Bromo-nitro-p-phenylcne-diamine 
C (1 H.Br(NO,)(NIl.,)., [1:4:2:;')]. [150°]. From tri- 
bronio-nitro-l>enzenc [94 ,J j and alcoholic NIL, at 
110° (Korner, G. 4). Pyramidal needles. Con¬ 
verted by diazo- reaction into p-bromo-beuzene. 

BROMO - NITRO - PHENYL - ETHANE v. 
Bhomo-nitro ethyl- hknzrne. 

Di-bromo-di-nitro-s-di-phenyl-ethane 
O ri H 4 (N0 2 ).CllBr.CllBr.C^ll,.NO a . [above 300°]. 
Di-bromide of dipnitro-stilbenc. Split up by 
heat into 21IBr and di-nitro-tolano (Fibs a. 
Bauer, J. pr. [2] 31, 315). 

Di-broino-di-nitro-.s-di-phenyl-ethane 
G,.,H, (( Br. ; (N0 2 ) 2 . JJibmmo-di-v i t ro-d i-ben,?yl. 

[205°]. Formed by nitrating di-p-bromo-di- 
benzyl (Fittig a. Stelling, A. 137, 250). Sword- 
Bhapcd crystals (from benzene). 

BROMO-NITRO-PHENYL ETHYL OXIDE v. 
Ef/i7Z-Biu>Mo-Ninio-riiKNOL. 

aa-DI - BROMO - am - DI-NITRO - a> - PHENYL- 
METHYL-CAltBINOL. 

Ethyl ether CBr s (NO,.).CIT(Cjr i NO..).OFd. 
[99°].—1. From the compound of alcohol with 
am-di-nitro-cinnamic ctlior [q.v.) bysimultaneous 
treatment with aepicons NaOII and Br (Fried- 
liindcr a. Lazarus, A. 229, 237).—2. From w in- 
di-nitro-styrene, alcohol, aqueous NaOHandBr. 
White plates (from dilute alcohol). Insoluble 
in aqueous NaOII. 

Methyl ether CBr,(NO,).Cir(C,U,XOjO.Me. 
[146°]. Formed in a similar way from the com¬ 
pound of methyl alcohol with the same body, or 
from u>-m-di-nitro-styreiie, methyl alcohol, Br, 
and aqueous NaOII. White plates. 

BROMO - NITRO - PHENYL - METHYL- 
KETONE V. BnoMo-XITUO-ACKTOl'lIENoNF. 

p-BROMO o-NiT30-j8-PHENYL-PR0PI0NIC 
ACID CJI ;i (Br)(NO..)C,4l r CO,!l [1:2:1 J. Bromo- 
nitro-hydrocinmnnic acid. [Il2 1. Prepared by 
the action of IIBr on t!>e diazo-Compound from 
p-amido-o-nitro-hydrocinnamic acid. Formed 
together with the (4,3,1 )-isomcridc bv nitration 
of p-bromo-hy drooinnamic acid. Flat feathery 
crystals. By reduction with tin and 11 Cl it 
gives p - bromo - bydrocarbostyril (Gabriel a. 
Zimmermann, B. 13, 1082). 

p-Bromo-M-nitro-/3-phenyl-propionic acid 
C a H 3 (Br)(N0 2 ).0 2 H r C0.JI [4:3:1]. [90 ’-95°]. 

Long glistening needles. Prepared as above. 
On reduction with tin and HC1 it gives p-bromo- 


m-amido-hydroqjnnamic acid (Gabriel a. Zim¬ 
mermann, B. 13,1683). 

0-Bromo-o-nitro-/9-phenyl-propionic acid 
C (J H,(N0 2 ).CHBr.CH 2 .C0JI. [140°]. From o- 
nitro-cinnamic acid, HOAc, and IIBr at 100° 
(Einhorn, B. 1C, 2208). Monoclinio crystals; 
v. sol. ordinary solvents, si. sol. benzene. 

Reactions. —1. Boiling water forms indosyl. 
2. NaOHAq forms nitro-cinnamic acid.—3. Cold 
Na 2 C0 3 Aq forms tl*o lactone of u-nitro-0-oxy- 
phenyl-propionic acid.— 1. Hot Na,CO ( Aq gives 
nitro-cinnamic acid, nitro-oxy-phcnyl-propionic 
acid, and o-nitro-styrene. 

/3-Bromo-w-nitro-3-phenyl-prcruonic acid 
C,II,(NO,).CHBr.CH.,COJI. [06’j. Prepared by 
heating an acetic acid solution of w-nitro-cin- 
namic acid with IIBr at 100 J . V. sol. alcohol, 
si. sol. loltiHio, insol. petroleum-ether. 

Reactions. — 1. By boiling with water it 
chiefly gives ra-nitro-styrone.-- 2. An excess of 
alkali converts it back into ?«-ni1ro-cinnamic 
acid.—3. By adding the powdered acid to an 
aqueous solution of \ mol. of Na.CO,, it yields 
30 p.c. of m-nitro-slyrcne, 20 p.c. of w-nitro- 
cinnamic acid, and 10 i>.c. of w-nitro-/3-oxy-/3- 
phenyl-propionic acid. If tho powdered acid is 
added to a cold solution of Na..C0 3 the /3-lactono 
is formod (Prausuitz, B. 17, 595). 

/3-Bromo-p-nitro-phenyl-propionic acid 
C 0 Jl,(N().J.CllBr.CII,.COJI. [172 ]. Proparedby 
heating p-nitro cinnamic ether with IIBr at 
100'. Prisms; sol. hot alcohol, si. sol. water 
and benzene. 

Reactions .—1. Long boiling with dilute 
11,80, (25 p.c.) reconverts it into p-nitro* 
cinnamic acid. —2. Heated with water it yields 
p-nilro-fl-oxy-phenylpropionic acid (72 p.c.) and 
p-nitro-styrene (28 p. c.).— 3. Cold aqueous KOH 
gives p-nitro-oxy-phenyl-propionic acid and its 
lactone. Alcoholic KOll yields almost entirely 
p-iillro-cini’.amic acid.—1. Aqueous Nil., yields 
tho lactore which by excess of Nil., is converted 
into the corresponding nmido- acid. 

Ethyl ether A'Ft. [81°]; colourless plates 
(Baslcr, B. 16, 3001). 

Di-bromo-o-nitro-phenyl-propionic acid 
CJl,(N0 2 )CHBr.CHBr.C0 2 TT. Dibromide of o - 
nitro-cinnamic acid. [c. 180°]. From Br and 
o-nitro-cinnamic acid (Baeyer, B. 13, 2257). 
Needles or plates; sol. het water. NaOTIAq 
gives o-nitro-phenyl-propiolic acid. Zinc-dust 
and NaOlPgiv' indok;. 

Methyl ether Mo A'. [09*]. 

Ethyl ether Ft A'. [7x° uncor.] (M.) 

From o-nitro-cinnamic ether and Br (Muller, A. 
212, 130). Alcoholic KOH converts it into o- 
nitro-phcnyl-propiolic acid. Healed with water 
at 120 ’ it gives o-nitro-cinnamic acid. 

Di-bromo-p-nitro-;,iienyl-propionic acid 
C ti II,(NO.,)CIIBr.CII Br.COJT. [218' 1 ]. From p- 
ifitro-cinnamic acid and dr (l)rewson, A. 212, 
J51). Rhombic prisms (from glacial HOAc). 
M. sol. water or glacial nOAc, v. sol. alcohol or 
ether, si. sol. benzene, v. si. sol. benzoline. 
Aqueous NaOII forms p-nitro-cinnamic and p- 
nitro-phenyl-propiolic acids. — CaA' 2 . 

Ethyl ether KtA'. [111°]. From p-nitro- 
cinnamic ether and Br in CS 2 (C. L. Muller, A . 
212,129). Columns (from CS 2 ); v. sol. hot al¬ 
cohol, ether, or benzoline. Alcoholic KOH con¬ 
verts it into a mixture of two isomeric bromo-p* 

q q 2 
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nilro-oinnamio ethefs, and jp-nitro-phenyl-pro- 
piolio acid. Heated with water at 120° it gives 
p-nitro-cinnamio acid. 

BBOMO-HITRO-PHTHALIC ACID 

C,H.,Br(N0 2 )(C0.,H) 2 [1:4:2:3], From di-bromo- 
naphtlialcne [82 u ] and lINOj.—Na.A" (Guares- 
chi, A. 222, 277). 

< «-BROMO-'» BITRO-PKOFANE 
CH s .CH,.CHBr(NO..). (c. ICO')- Formal to¬ 
gether with di-bromo-nitro-nropano by tile action 
of potash and Br on niko-propane (V. Meyer a. 
Tsclierniak, A. 180,110). Oil, sol. potash. 

o-Broflio-a-nitro-propane CH r C13r(NO..).CII.,. 
(160°). Froi.i CHj.C1I(NO„).CHj. Insol. potasli. 

Di-bromo-iutro-prSpano Cn a .Cll,CUr,.(M().). 
(181°-18(1' J ). From bromo-nitro-propane, 13r,and 
potash. An oil, insol. potash. 

TRI-BROMO DI HITRO-PROPltlNIC ACID 
CjHBr : ,N..O„ i.e. Cllr 3 .C(N0.,)..C0,H. From tri- 
bromo-phloroglucin and cone. I1N0 3 (Boncdikt, 
A. 184, 265). Silky scales, insol. cold water, 
v. e. sol. alcohol and ether; decomposed by boil¬ 
ing water. 

BROMO - NITRO - PROPYL - BENZENE v. 

Bromo-nitbo-cumknb. 

BROMO-NITRO-PROPYL-PHENOLv. Bbomo- 

CDMENOL. 

DI-BROM 0 -DI-NITRO -PYRROL 

CBnC(NO,k 

G 4 HBr.,N 3 0 4 i.t. | >NH. [1G9 0 ]. 

CBr:C(NO,) / 

Formed by dissolving di-bromo-nitro-pyrryl 
methyl ketono [206°] in a mixture of fuming 
HNO s and cone. H a SO, at —18 \ and precipita¬ 
ting in water. Silky leaflets (containing aq). At 
the ordinary temperature it is converted into di- ; 
bromo-maleimide (Ciamician a. Silber, B. 20, i 
699; (h 17, 262). 

DI-BROMO-NITRO-PYRRYL METHYL KE- 

CBr;C(NO.,) 

TONE | >NH . [206°]r Long needles. 

CBr:C—CO.CII3 * 

Formed by the action of cold nitric acid 
upon di-broino-pyrrylenc-di-mothyl-di-kvtono 
CBr:C—CO.CII3 

| >NH , [171°], which is formed by 
CBr:C CO.CH 3 

passing bromine-vapour into pyrrylene di-methyl 
di-ketone (f!ian»icv*n a. Sillier, B. 20, 609). 

Di-bromo-nitro-pyrryl nitthyl ketone 
CBr : CBr f 

| >NTT . [175°]. Piom nitro-pyrryl 
C(N O.J :C— 00*011., 

inethyi ketone [l97°] and Br. Needles. 

BROMO-NITROk-QUINOLINE C,,H a N(Br)(N0 2 ) 
[133°]. Formed by nitration of bromo-quinolino. 
Long glistening needles. Volatile undecom¬ 
posed. Sol. alcohol and ether, si. sol. water. 
Weak base. -B' dlX^rtCl ,: short orange-yellow 
prisms (LaCoste, JJ. 15, 1918). 

DI-BROMO NITRO-QUINONE ' 

C,HBr 2 (N0J0 2 [6:2:3:4:1], [24C°J. Yellow plates; 
v. si. sol. hot water ami cold alcohol. Formed 
by the action of a mixture of IIN0 3 and ILS0 4 
upon the propionyl derivative of tri-bromo- 
phenol (Guareschi a. Daccomo, B. 18,1171). 

BR0M0-NITR0-RES0RCIN Ethyl ether 
C tt II,Br(NO,)(OH)(OEt). [114°J. From ethyl 
(1, 2, 4)-nitro-resorcin and Br (Weselsky, M, 
1, 898). 


Di-bromo-nitro-reBorcin C a II 3 Br 8 N0 4 i.e, 
C 0 HBr 2 (NO 2 )(OH) 8 . [147°]. From (1,2,4)-nitro- 
resorcin [115°] in ether and Br (Weselsky, A . 
164, 7). Golden lamina).—Ba(C e H.,Br 2 N0 4 ) 2 4aq. 

Ethyl ether C (1 HBr 2 (N0 2 )(0Et)(0II) 
[1:5:3:2:03. [69°J. Erom ethyl nitro-resorcin and 
Br (W.). 

Di-bromo-nitro-resorcin CJIBr 2 (N0 2 )(OH) a 
[1:3:5:1:03. [117°]. From (1, 2, 6)-nitro-rcsorcin 
and Br (W.). 

Bromo-di-nitro-resorcin C ti HBr(N0 2 ) 2 (OH) 2 . 
[193 u ]. Formed by nitrating di-bromo-nitroso- 
resorcin or by brominating di-nitro-rcsorcin 
(Fevre, Bl. [2] 39, 590; C. B. 96, 790: Typke, 
B. 16, 555). Orange needles; si. sol. boiling 
alcohol. - K.A" . 1 ,aq: red needles.—Na.,A"2aq.— 

| BaA" 3aq.—(N11 ,).,A" aq. 
i Acetql derivative : [135°]; prisms. 

I BROMO-N1TRO-SALICYLIC ACiD v. Bbomo- 
n into-ox y -nr: n z t »rc a<:u>. 

DI-BR0M0-NITR0S0-RES0RCIN 
; C,IJBr 2 (NO)(OH) 2 . From nitroso-resorcin and 
Br (Fevre, Bl. [2J 39, 591). Yellowish needles 
(containing 2aq) winch turn brown at 138 and 
decompose at 150°; insol. benzene, si. sol. cold 
water, v. e. sol. alcohol. 

BROMO-NITROSO-THYMOL 
C li ITMel > rBr(NO)(OH). |e. 135°]. Fromnitroso- 
thyrueno ami Br (Mazzara a. Oesealzo, 6'. 16,196). 

BROMO-NITRO-STYRENE l>li.OBr:CHN0 2 . 
[68']. From di-bromo-nitro-idionyl-ethane 
IdiCBrII.CIlBrNO., and aqueous NaOH (Priebs, 
A. 225, 313). Golden needles or plates (from 
light petroleum). Smells something like hay; 

| when freshly ppd. from alcoholic solution by 
1 water it is solublo in alkalis, hence its consti¬ 
tution is as above, rather than PJi.CH:CBr(N0 2 ). 

DI-BROMO-DI-NITKO-THIOPIIENE 
G l SBr 2 (N0 2 ) 2 . [134°]. Light-yellow crystals. 

V. sol. hot alcohol. Formed by nitration of di- 
or tri-bromo-thiophene (Kreis, B. 17, 2074; 
Loren berg, 11 18, 3029). 

TRI-BR0M0-NITR0-T1II0PHENE 
C t SBr.,(NO.J. [1.00°]. Formed by nitration 0! 
tri-bromo-thiophene. Felled yellow needles. V. 
sol. ether, si. sol. alcohol (Rosenberg, B.18, 3028). 

BROMONITRO-THYMOL 
| CVlL\IePrBr(NOo)tOIl). [101°]. From bromo* 
nitroso-thymol and K.,FeCy (; (Mazzara,#. 16,196). 

I BROMO-NITRO-TOLUENE 
I C.ILMe^O.JBr [1:2:3]. Oil. Frombromo-nitro- 
m-lohiidino by nitrous gas and alcohol (Nevila 
a. Wiuther, C. J. 37, 030). 

Bromo-nitro-toluene C u li :i jMe(N0 2 )Br [1:3:4]. 
i [32(250'). S.G. -- 1*031. From the corre- 
; spondingnitro-toluidinc by the diazo-perbromide 
I reaction (Nevilo a. IV hither, C. J. 37, 442). 
j Formed also by nitrating p - bromo - toluena 
! (Wroblewsky, A. 168, 176) and by treating w- 
nitro-tolueno with Br and FcBr., at 70° (Scheu- 
i'elen, A. 231 V4 180). 

Bromo-nitro-toluene CJI^IclNO^Br [1:2:4]. 
[45°]. (257°). From the corresponding nitro- 
toluidine [78°] by the diazo-perbromide reaction 
(Beilstein a. Kuhlberg, A. 158, 340; Nevile a. 
Winther, C. J. 37, 411). Formed also, together 
with the preceding, by nitrating p-bromo-toluene 
(W.). Large monoelinic tables. 

Bromo - nitro - toluene C 0 H a Me(N0 2 )Br 
[1:2 or 6:3]. [55°]. (207°). Formed by nitrating 
??i-bromo-toluene (W.; Grete, A. 177, 246), 
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Trimetric crystals; on reduction it gives bromo- 
o toluidine. 

Bromo-nitro-toluene C d H,Me(NOJBr [1:4:2], 
[77°]. From C tf H,(CH,)Br(NO,)(NH,) [1:2:4:5] 
(Xevile a. Winther, C. J. 89, 85). From j)-nitro- 
toluene, FeBr 3 , and bromine (Scheufelen, A. 281, 
171). Also from diazo-nitro-toluene piporidide 
C lt II 3 Me(N0 2 ).N 2 .NC.,H 10 and boiling HBrAq 
(Wallach, A. 235, 218). Needles. 

Bromo-nitro-tolueno C ri ll a Mo(XO a )Br [1:3:0]. 
[78'-']. From m-nilro-tolueno,FeBr 3 , and bromine 
(Scheufelen, A. 231, 170). From (3, 1, 0)-nitro- ! 
o-toluidine (N. a. W.). 

Bromo-nitro-toluene O tt H*Mc(NO..)Br [1:3:5]. i 
[81°]. (N. a. W.); [80°] (W.); (270"). Formed 
(a) from bromo-nilro-p-toluidine [05°J, (b) from 
nitro-(5,1,2)-bromo*o-toluidine [143°], or (c) 
from bromo-nitro-o-toluidine [181 u ] by the usual 
methods (Nevile a. Winther, C. J. 37, 431 ; , 
Wroblewsky, A. 102, 203). Hence it can be 
prepared from a mixture of acetyl o- and p- \ 
toluidines by successive bromination, nitration, 
saponification, and diazotisation. 

Bromo-di-nitro-toluenp C tj n 3 Me(N0 3 ).J>r. 
[104°]. From m-bromo-tolueno and fuming 
llNO a (Grete, A. 177, 258). j 

Di-bromo-nitro-toluene C u H 2 Mc(NO.,)Br 2 ! 
[1:4 or6:2:3]. [c. 57"]. From C 6 II a (CII,)Br 2 [28°] ; 
by nitration (Nevile a. Winther, C. J. 37, 434). j 

Di-bromo-nitro-toluene CJI..Mo(NO.>)Br 2 
[1:4:2:6]. [58°]. From C d H(CTr ;I )(NH,.)(N T ()..)Br 2 
[124°-130°J by ethyl nitrite (Nevile a. Winther, 
C. J. 37, 445). Also from (2,4,l)-bromo-nitro- 
tolueno, FeBr 3 , and Br (Scheufelen, A. 231, 178). 

Di-bromo-nitro-toluene C (i H 3 Me(NO.,)Br 2 
[1:5:3:4]. [63°]. From bromo-nitro-toluidine, 
C u H 2 (CH 3 )(N0 2 )(NH,,)Br [1:5:4:3] by diazo-per- 
bromide reaction (Nevile a. Winther, C. J. 37, 
417). Colourless plates (from alcohol). 

Di - bromo - nitro - toluene C fi H 2 Me(NO ,)Br 2 
[1:3:2:5]. [70- 1 ]. From bromo-nitro-o-tolnid«ue, 
[143°], by diazo-perbromido reaction (Nevile a. 
Winther, C. J. 37, 448). 

Di - bromo - nitro - toluene C h H 2 MeBr 2 (N0 2 ) 
[1:4:6:2?]. [80']. By nitrating di-bromo-toluene 
from di-bromo-m-toluidine, [75°] (Nevile a. 
Winther, C. J. 37, 441). 

Di - bromo - nitro - toluene C 6 II 3 Mo(N0 3 )Br, 
[1:6:8:4], [87°]. Formed by nitrating the cor¬ 
responding di-bromo-tolueno. Converted by 
reduction and diazo- reaction into (2, 4, 5,1)- tri- 
bromo-toluene [113°] (Nevile a. Winther, C. J. 
39, 83). 

Di - bromo - nitro - toluene C d H..Mo(NO .)P>r 2 
[1:4:2:5]. L88°l. From C ti TI.,(Cti a )(N0 2 )(NH,)Br, 
[181°] by the diazo-perbromide reaction. Formed 
also by nitrating C,.Tl :i (CH 3 )Br 3 [1:2:5]. Con¬ 
verted by reduction and diazolisation into (2, 4, 
5, 1)- tri-bromo-loluene [113°] (Nevile a. Win¬ 
ther, C. J. 37, 415; 39, 83). • 

Di - bromo - nitro - toluene G ( .TL.Me(NC^)Br 2 
[1:3:6:6]. [106°]. From bromo-nitro-o-tolui- 

dine, [181°], by exchange of NIL, for Br (Nevilo 
a. Winther, C. J. 37, 433). 

«-Di-bromo-nitro-toluene C d H-.CBr 3 (N0 3 ). 
Phenyl-di-brovio-nitro-mcthanc. Colourless oil. 
Formed by the action of bromine upon an 
aqueous solution of the di-sodium salt of nitro- 
benzylidene-phthalide 
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steam (Gabriel a. Koppe, B. 19,1145). 

Di-bromo-di-nitro-toluene C„TlMe(N0 2 ) 2 Br r 
[158’’]. Formed by nitrating C, ; Ii,(ClI a )Br 3 , [39°J 
(Nevile a. Winther, C. J. 37, 437). 

Di-bromo-di-nitro-toluene C ti IIMe(N0 2 ) 2 yr ? 
[105^]. Formed at the same time as the pre¬ 
ceding (X. a. W.). f 

Di-bromo di-nitro-toluone C„}IMo(NO a )^Br a 
[1:?:?:2:0]. [101°]. By nitration of (2,0,1)* 

di-bromo-toluene (N. a. W.). 

Tri - bromo - nitro - toluene C llMc(N0 2 )Br, 
[l:4:2:5:fi]. [100°|. Fnm di-brotno-nifro-wi- 

toluidine, [125 -130°], by tho diazo-perbromido 
reaction. White needles (Nevile a. Whither, 
C. J. 39, 85f 

Tri - bromo - nitro - toluene CJTMo(N0 2 )Br s . 
[107°]. [l:a;:2:3:4]. Formed by nitrating tri- 

bromo-tolucne, [il°] (N. a. W.). 

Tri - bromo - nitro - toluene CJIMofNOJBr, 
[1:3:2:1:0]. [215°]. Formed by nitrating tri- 
broino toluene [70°] (Wroblcwsky, A. 108, 195). 

Tri - bromo-di - nitro -toluene C, Me(N0 3 ) 3 Br 4 
[1:?:?:2:3:4]. [217°-22()°J. Formed by nitrating 
tri-bromo-toluene [44°] (Nevilo a. Winther, B. 
13, 975). 

Tetra-bromo-nitro-toluene C lj Me(N0 2 )Br 4 
[1:4:2:3:5:6J. [213°] (N. a. W.) ; [227"J (S.). 

Formed by nitration of C„II(CM,)Br„ ril7°] 
(Nevile a. Winther, G. J. 37, 450). From (2,4,1)- 
bromo-nitro-toluene,bromine,aud F«Br„ (Scheu- 
felen, A. 231, 179). 

Tetra-bromo-nitro-toluene C,,Mo(N0 3 )Br 4 
[1:2:3:4:5:0]. [212 U J. From totra-bromo-toluene, 
L1M°I. 

Tetra-bromo-nitro-toluene C (i Me(N0 3 )Br 4 
[1:5:2:3:4:0]. [2LG J ]. By nitration of tetra- 

brorno toluene, jl08°J. 

BROMO -1ITR0 - TOLUENE SULPHONIC 
ACIDS 0JI 2 McBr(N0 2 )S0 ; ,II. The six following 
acids of this constitution have been described. 

I. Formed by nitrating o-bromo-toiuone sul- 

phonic acid (Muller, A. 109, 42; Bagel, A. 170, 
299). Deliquescent. — BbA' 2 2aq. — NaA'aq.— 
K.V.—BaA'.,2aq. _ 

II. By the action of fuming IINO, on (2,1,4)- 
hroino-tolueno sulphonic acid or on (2,l,4)-o- 
toluidinc aulplionic acid: in the latter case tlie 
resulting diazo-nitro-toluene suiplmuie acid is 
boiled with HBrAq (Ilayduck, .4.172, 219 ; 174, 
347). Minute needles ; may be reduced to 
(l,3,4)-m-toluidine sulphonic a* d. -BaA'.3nq. 

Chloride C,TI,MeBr(N0 3 )S0 3 CI. [220°]. 

Amide C,lT 2 Mel3r(N0 2 )(B0 2 XlI 2 ). Does not 
melt below 200". __ 

III. Fromw-bromo-folucnosulphonicaeidaud 
(Wroblcwsky, A. 3J>8, 109). -CaA'^-aq* 

BaA' 2 3 * aq. —PbA', 3aq. 

IV. Formed by nitrating (3,1,2 or C)-m- 
bromo-toluene sulphonic acid (Weckwarth, A. 
172, 200).—NaA'.—Ca V'..3aq. —BaA' 2 3[uq. 

V. Formed by nitrating (4,1,2) -p- bromo- 
toluene sulphonic acid (Iliisselbarth, A. 109, 22). 
Deliqucsoont lamina). — AgA'. — BaA , J{ 2aq.— 
CaA' 3 Oaq. - PbA' 2 3aq.— SrA' 2 7aq. 
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VL Formed by |iitrating (4,l,3)-jp-bromo- 
toluene sulphonio acid (H.J. Deliquescent 
needles.— BaA' 2 aq.—PbA’ s 2 Jaq.— 8rA' 2 5aq. 

Di-bromo-nitro-toluene-di-sulphonic acid 

C^HBr,(NO.JMc.SO ;i H. From ju-bromo-toluene 
di-sulphonic acid and boiling fuming HNO a 
(Kornatzki, A. 221, 197).—KA'aq. -BaA'., 3',aq. 

BRO MO-NITRO-m-TOLTJIC ACID C,IIJirN0 3 
i.e. C„IT,McBr(NO,)(CO,H). [17(1°].‘ From 
bromo-m-toluic acid and IIN0 3 (Fitiig, A. *117, ; 
84). —CaA3aq. - BaA\, 3aq . y 

Bromo-nitro-p-toluic acid 
C fl H,MeBr(NO.,)(CO.,lI) [4:2:.r:l]. [200°]. S. 

•1 at 15°. Formed by boiling bromo-cymene 
(from thymol)'with UNO., (S.0.1*3). Lamina). 
—BaA'.Maq (Filcti a. Crosa, 0. 16, 297). 

Bromo-nitro-/>-toluie acid 
C H HoMeBr(N0 2 )(CO Ji) [4:3:a-:l]. r/70 0 -180 0 ]. 

From bromo-jo-toluio acid and fuming HN T 0 3 
(Landolph, B. 5, 2C8). Needles (from water).— 
BaA'.,aq. 

BROMO-NITRO-o-TOLUIDINE 

C 8 HJ\le(NH 2 )(N0 2 )Br [1:2:3:51. [139°] (W.); 
[143°J (N. a. W.). Formed by nitrating bromo- 
acetyl-o-toluidine, C, ; H.,Mo(NlIAc)Br [1:2:5 j, and 
removing acetyl (\V ruble wsky, A. 192, 206;' 
Nevilc a. Winther, G. J. 37, 431). (lives, by 
nitrous gas and alcohol, C (1 lI. ( Me(N0 2 )l>r, [81°] 
whence 0,JL,Me(Nli ? )Br, [35 J j. 
Bromo-nitro-o-toiuidine 

C,jlLMe(NIT 2 )(NO..)Br [ 1:2:5:3]. [181° cor.]. By; 
brominating C, ; TT 3 Me(NII.)(N0 2 ) [1:2:3], [128 1 '] 
(N. a. W.). Converted by nitrons gas and 
alcohol into C (j H,Me(NO..)Br, [81°] whence 
C,H 3 Me(NIl,)Br [36°]. 

Bromo-nitro-m-toluidine 
CJLMe(NH,)(NO.,)Br [1:3:6:5]. |88°]. Formed 
by nitrating bromo-ucctyl-w-toluidine, and then j 
removing acetyl by 1T..S0, (2 vols.) and water 
(1 vol.) (Nevile a. Winther, C. J. 37, 630). | 

Bromo-nitro-m-toluidine 

C d II,Me(Nn,)(NO ;i )Br| l:3:2:0]. [Ift3°]. formed ! 
in small quantity in the preparation of its i so- ! 
meridc [181°]. 

Bromo-nitro-m-toluidine 
C B ILMo(ML)(N<),)Br [l:5:i:2] [181°]. From 
the acetyl derivative by saponification. 

Acetyl derivative [J 10 -121°]. Formed 
by nitration of bromo-acolyl-m-toluidine (Nevile 
JL Winther, C. J. 37,341). 
Bromo-nitro-/j-toluidine 

C H H,Me(Nir ? l(NO..)Br [I:4:,V.5]. [0V5°]. Got by 
saponifying its acetyl derivative. Orange needles, j 
Converted by nitrous gas and alcohol intobrorno- > 
nitro-toluene [8G' J ] (c/,,1 land, A. 234,157). 

Acetyl derivative [2J1°]. From bromo- 
acetyl-p-toluidine and UNO.,. Or from acetyl-p- 
toluidine by successive nitration and bromina- 
tion (N. a. W.). White needles (from alcohol or 
dilute acetic acid) (Yv'rpblcwsky, A. 192, 202). 

Di-bromo-nitro-m-toluidine f 

C a HMe(NII,)(N0 2 )Br 2 [1:5:4:2:6]. [124°-130°]. 

From the acetyl derivative of bromo-nitro-m- 
toluidine [181 ] by heating with 1LSO, (2 vols.) ! 
and water (1 vol.) and subsequent treatment j 
with bromino (Nevile a. Winther, C. J. 37, 441). ! 

BR0M0-NITR0 m-XYLENE C B H..Me 2 (N0 2 )Br. 1 
(2G0°-2G5 U ). From bromo-m- xylene and cold 
fuming HNO*. Liquid (Fittig, A. 147, 81). ■ 


‘Di-bromo - nitro - o - xylene C^HMe/NOJBr. 
[1:2:8:4:5]. [141°]. Obtained by nitration ol 

di-bromo-o-xylene C 6 H./CH 3 ) 3 Br 2 [1:2:4:5] with 
cold fuming HN0 3 . Colourless needles (from 
alcohol) (Tohl, B. 18, 2561). 

Di-bromo-nitro-7?i-xylene C.HMe/NO^Br.,. 
[108°]. From di-bromo-m-xylene and UNO.. 
Needles (F.). 

Di - bromo - nitro -p - xylene C B HMe 2 (N0 2 )Br :; . 
[112 ’]. From di-bromo-p-xylene and fuming 
11NO., (F.). Needles. 

Di-bromo-di-nitro-o-xyleneC B (CII ; ,).,Br 2 (N0 2 ) 3 
[1:2:1:5:3:61. [c. 250°]. Small needles. Nearly 
insol. cold alcohol. Formed by nitration of di- 
bromo-o-xylene C ti H..(ClI 3 ) v Br 2 [1:2:1:5]*(Tohl, 

B. 18, 2561). 

BROMO-NITROXYLENE SULPHONIC ACID 

C tl TIMo ,Br(NO..)(SO :t II) [t:3:6:.r:4]. From nitro- 
m-xylidino sulphonio acid by diazo- reaction 
(Sartig, A .230,341; B. 18,2190). Rhombic plates, 
v. sol. water and alcohol.—BaA' 2 3.\aq.—KA'aq. 

BROMO-NONYLIC ACID v. Bkomo-ennoio 
acid. 

DI-BROMO-OCTADECANE C lH II 3u Br.,. Octa - 
dccylene. bromide. [24*]. Silvery plates. SI. 
sol. alcohol. Formed by the addition of Br (lmol.) 
to oetadeeylcne (IvralTt, B. 17, 1373). 
BROMO-OCTANE v. Octyl m; <mide. 
Di-bromo-octane C h II 1(i Br 2 . Octi/lme bromide. 
From Br and octylcne derived from castor oil 
(Ilubien, A. 112, 297) or that from paraffin 
(Thorpe a. Young, Br. 21,193). Non-volatile oil. 

Tctra-bromo-octane C s II,,Bri. Caprylidcne 
tetra -bromide. From bromo -oc ty 1 oneand Br. Oil. 

BR0M0-0CT0NENE C h lI,,Br. (2«)l ’). From 
Cf/TuBr, (v. sitnra) and alcoholic KOII (It.). 

BROMO -OCTYL -BENZENE C ti H,(C s H 1J )Br. 
(285 J - 287°). ^Formed by brominalion of octyl- 
benzene. Oil (Ahrens, B. 19, 2719). 

BROMO-OCTYLENE CJI,,Br. (185°). From 
di bronio-octane and alcoholic KOJL (liubien, A. 
112. 297). With Br it gives an oily tri-bromo- 
deeane. 

Di-bromo-octylcne C M JI M Br 2 . S.G. 1*568. 
Co)V)lenc bramble. From conylcne and Br 
(Wcrtbeim, .1. 123, 182). 

BRO MO-OCTYL-THIOPHENE 

C, SH 2 (C H H l7 )Br. (285°-290 ,J ). Colourless oil 
solidifying to plates at 5". V. sol. other, insol. 
water. Formed byshnkir j oelyl-thiophene with 
bromine-water (Seliwemitz, H. 19, 614). 

BR0M0-0LEIC ACID C ls H 3: ,BrO.,. From di- 
bromo-stearic acid and alcoholic KOH (Over¬ 
beck, A. MO, 47). 

Di-bromo-oleic acid CjJIa.Br.p^ From 
stearolic acid and Br (0.). 

BROMO-ORCiN C ti H, Me(OIT),Br. [135°]. 
From orcin and bromine-water (Lamparter, A. 
134, 258). Crystals; m. sol. hot water, v. o. sol. 
alcohol and ether. Solutio/is are ppd. by lead 
subacetate. 

Di-bromo-orofri 
Methyl derivative 

0„H(CH.,)(0Me)(0Il)Br 2 . [146°]. White needles. 
Prepared by bromination of the mono-methyl 
ether of orein (Tiemann a. Strong, B. 14, 2002). 

Di-methyl derivative 
C e II(CIi 3 )(OMo) 2 Br 2 . [160°]. Colourless plates. 
Sol. alcohol, ether, and benzene, insol. water 
and ligroin. Prepared by bromination of the 
di-methyl ether of orcin (B. 14, 2001). 
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TH bromo-orcin C a (OH 3 )Br 8 (OH) 2 . [103 8 ]. 
Prom orcin and Br (Stenhouse, Tr. 1818, 87; 
Laurent a. Gcrhardt, A. Gh. [3] 21, 317; Lam- 
parter, A. 134, 257; Hesse, A. 117, 311; Stnn- 
house a. Groves, A. 203, 208). Is formed by 
beating penta-bromo-orein with formic acid. 
Needles; insol. water, sol. alcohol and ether. 

Diacctyl derivative [143’]. White 
needles. Formed by the action of Ac^O on 
penta-bromo-orcin (Claassen, B. 11, 11-10). 

Penta - bronio - orcin i.c. 

C B MeBr 3 (OBr) a ? [12fi J J. From orcin and excess 
of bromine-water. Triclinic crystals (from CS.). 
At lOO^it gives olT Br,,leaving C II(Sten¬ 
house, A. 103, 180; Liebermaim a. Dittler, A. 
169, 252). 

Bromo-#-orcin v. BnoMo-nr.Tor.cix. 

DI-BROMO OXAL-ETHYLINE v. Di-uromo- 

METIIYL-ETIiyii-OriYOXAIjIXK. 

BR0M0-0XIND0LE v. Oxixi.onu. 
BROMO-OXY-ACRYLIC ACID. Phenyl 
derivative C„H ; Br() ;1 i.c. CTIBr:C(OPh).CO,il. 
[138°]. From phenyl -oxy- ruicobromie acid 
CHO.CBr:C(()Ph).CO a ll and KOI I (Mill a. 
Stevens, Am. 0, 190). Needles (from water); 
v. e. sol. alcohol and ether.—KA'. BaAT 5aq. - 
Ca A'., 5aqA g A'. 

BROMO - OXY - AMIDO - BENZOIC ACID. 

i !fethy l dcriva t ive 0, ,,11 „ BrN(>., i.c. 
C u H 2 Bi(OMe)(NIJ,,)C(),lI. [185 ']. Bromo-amido- 
anisic acid. From the corresponding nitro- acid. 
Needles, si. sol. water.— CaA'„5 l ,aq.—BaAViaq. 
—HA'HCl f 180"] (Balbiano, G. 14, 215). 

BROMO-DI-OXY-ANTHRAQUINONE 
C n II 7 Br0 4 i.c. C ll lT 1 D,(OH),Br. Bromo-ali:<nin. 
From alizarin (3 pis.) and Br (2? 5 pts.) in OS, at 
190° (Perkin, G. J. 27, 101). Tufts of orange 
needles; may bo sublimed. KOITAq forms a 
blue solution, exhibiting the same absorption 
bands as alizarin. "UNO., forms phthalio acid. 
The same bromo-alizarin, or an isomoride, is 
formed bytreatingtri-bromo-nnthraquinone w "th 
KOH. It melts at 280" (Diehl, B. 11,190). 

Bromo-tri-oxy-anthraquinone 
C,,H t 0,(01I).,Br. Bromo - pur pur in. [276°]. 

From 13r and purpurin, or its carboxylic acid, 
or by warming di bromo-pmjmiin (v. infra) 
with cone. IPSO,. Bed neeilles (PJath, B. 10, 
615, 1619; Sehu nek a. Boomer, B. 10, 551). 

IB. l,3,2)-Di-bromo-oxy-anthra(iKinone 
C l4 H u Br./) 3 i.e. C u II l :(C,9,):CJlBr,(OIl). [208’]. 
Formed, together with di-bromo-phcnol by heat¬ 
ing tetra-bromo-phenol-phthalein with excess of 
1I 2 S0 4 at 150 J (Bacycr, A. 202, 130). Slender 
yellow needles; its alcoholic solution shows 
reddish fluorescence. Its solution in alkalis is 
reddish-brown. NaOII at 200 ’gives alizarin. 
Acetyl derivative C lt H r ,AcBr,0 3 . (190"]. 
Di-bromo-di-oxy-antliraquinone 
C 14 H 4 0 2 (0H) ,Jlr,. Di-hrnno-alUarin. [170’]. 
Prepared by the*action of Br in^rcsence of 1 on 
alizarin. Small brownish-red needles. Com¬ 
bines with mordants (Diehl, B. 11, 190). • 

Di-bromo-di-oxy-anthraquinonc 
C n H,0,(0H),Br,. Di-bromo-purpuroranthin. 
[227°-230°] (P.); [231°J (S. a. It.). From pur- 
puroxanthiu and Br (Plath, B. 9, 1205). From 
munjistin and 13r (Schunck a. ltoemcr, G.J. 33, 
424). Orange needles (from IIOAc). Warm 
cone. H,S0 4 forms bromo-purpurin. 

Salt.—(NHJ^A". 


- Tri-bromo-tri oxy-antnimquinonu 

C, ,11,0,(011)^^. Tri- bromo -flavopurpur in. 

[284°]. From flavopurpurin in IIOAc and Br. 
Orange needles. Its alkaline solutions arc orange 
(Sclumck a. Boomer, B. 10, 1225). 

Telra-bromo di-oxy anthraquinone 
C,(H./yOH^.Br,. Tetra bromoalirarin. From 
alizarin and excess of iodine bromide at 18() l \ 
Does not combine with mordants (Diehl, B. ?1, 
191)* 

BROMO-n-OXY BfENZOIC ACID CH BiO,/.c. 
C,II :J Br(011)C0,lI [8:2:1). Broun su l hylic acid. 
[181 J J (1j. a. G.); |220"J (II. a. IT). £rom tho 
corresponding bromo amide hrn/oic acid by ex¬ 
change of NIP for Oil (IliibiuT Emmeiling, 
1871, 709) or from (3* 5, 2, I )-hromo-aniido- 
oxy-henzoic acid bv eliminating Nil. (Ficllinann 
a. Grothma^n, B. 17, 2725). Needles, v. si. sol. 
cold water, v. e. sol. alcohol. Fe,Cl ri gives a 
violet colouration.--CaA',. I2aq: v. sol. water. 
BaA',3>i: prisms.—PbA'., (Jf.). PbC ; II,BrO,. 

Bromo-o-oxy-benzoic acid C ( .l 1 ; Bi (011 }(CO 41) 
[5:2:1]. [165°]. From salicylic acid and Br or 
PBr. (Gcrhardt, A. Ch. [3] 7, 217; Cnhours, A. 
Gh. [3] 10,34 l ; 13,99 ; Henry, B. 2,275 ; II. a.IT). 
Also from the corresponding amido /// bromo- 
henzoic acid (If. a. IT). Needles (from water). 
Fo..Cl,. gives a violet colouration. Ba.V.,3:iq.— 
PbA'.,. 1’hC Jl.jBrO.,.— CiiAT.— AgA'. 

Methyl ether MeA'. 138"] (Henry) ; [Cl c ] 
(Peratoner, O. 16, 105). (265°). From methyl 
salicylate and Br or PBr v Trirnetric prisms or 
needles. Coloured violet by Fc.CI, ; . 

M ethyl dr rivative 0„li :( Br(()Me)C'),TT. 
[119°). — I»aAT3a<{. — CaAVlaij. AgA'aq. 
Methyl ether C ri lI,Br(OMc)CO.Mc. 'JO"}. 
(295 ) (P.). 

Ethyl derivative C t JT 1 Br(0Et)CO 2 TT. 
[130 BaA'.,4aj. -CaA , ..2aq. M ethy 1 et ii e r 
CJl,Br(()Kt)CO,:.Ie. [49 ,J J. (301 ). 

Propyl derivative C, i Il 3 Bi(OPi , jC0.Tl. 
[62°]. Methyl ether C B lI.,lii(UPr)COMe. 
(323"). 

la opr opyl derivative C.,I I s Br(OPr)CO ,11. 
[101°]. Methyl ether (30P). 

Bromo-jo-oxy-benzoic acid. Methyl deri¬ 
vative C s II a Br(OMc)C0.44 [3:4:1]. Bromo - 
an isle acid. [21 -1‘ J. [218* cor.J. 

Format ion. —1. From anisic acid and Br 
(Laurent; Cahours, A. 56 311; Salkowski, IS. 

7, 1013).—2. By oxidising tho methyl ether of • 
bromo-y>-c£, soi (Sohall a. Dralle, B. 17, 2531). 

I’roper ties?’ Needles; may be distilled or 
sublimed. Insol. water. 

Sal ts.—AgA'.— BaAT 3.jaq. —JJaA'., 4aq.— 
CaATGaq.— CuA'./iAuq. - MgAT 5aq.—N'uAT 2aq. 

—PbA'., 3aq.— 7. n AT 3aq. 

Ethyl ether C 1 Tf,Br(OMe)(CO i! Et). [74°] 
(Crespi, G. 11, 419). 

Amide C ti H 3 Br(0Me)(C0 3 NlI,). [I86 c j; 
insol. water. 

• Bromo-p-oxy-benzoic tAid. Methyl deri¬ 
vative C ll,Bi(OMe)COJI. [212°J. Ethyl bromo- 
nnisatc [74°J is converted into an isomoride 
[60"] by heating with NaOEt at 180 J for 20 
hours; on saponification it yields the acid which 
crystallises in needles, si. sol. water. Potash 
fusion forms protocatechuic acid. JIN0 3 gives 
the methyl ether of (2,4,6,1)-bromo-di-nitro- 
phenol. 

Salt.—ZnATlaq (Balbiano, G. 11, 409). 





COO BROMO-OXY-I 

Ethyl ether vk.'. [60°] (». supra). Thia 
acid is possibly identical with tho preceding. 

Bromo-di-oxy-benzoic acid. Methyl deri¬ 
vative CJl.,]ir(01I)(0Me)C0.H 
Bromo-yanillic acid. [I93"J. From its acetyl 
derivative. Needles (containing aq). Acetyi 
derivative C„H,Br(OAc)(OMe)CO..H. 

Frqm acetyl-vanillic acid and Ur (Matsrnoto, It. 
11, 1118). 

Bi-methyl derivative * 

0, i H. J Dr(0Me) a G0 2 H J':4:l>:lT. Bromo-vcralric 
acid. [181 J j. From veratric acid and Br (M.). 

Methylene derivative 
C„H 2 Br(0,CIT.jC0.,H or CJI.,(O..CHBr)CO.,IT. 
liwmo-pipcnniylic acid, [205"]. From Inon’io- 
pipcronal and KMuO. IFittig a. Mielck, A. 172, 
158). 

Bromo-di-oxy-benzoic acid t 

C 4 Il,Br(()H) 2 C() 2 H [:r:l:!l:5]. [253"]. From 
s-di-oxv-benzoic acid and bromine water (Barth 
a. Scnhofer, A. ltil, 115). Needles (containing 
ay). Potash-fusion forms gallic acid. Fe„01 u 
gives a yellowish-brown colour.—CaA' 2 8uq.— 
Ag.A". 

Bromo.di-oxy-benzoicacidC 6 HjBr(OH)„CO..I£ 
|x:2:6:X]. [181°, anhydrous]. From c-di-oxy- 

benzoie acid in ether and Br (Zehentcr, JIB 2, 
480). Prisms (containing aq). Fu 2 Cl s gives a 
violet colour lo its aqueous solution.— AgA'aq. 
BaA',7.hiq.— CuA',4Jaq.—Pl>A' 2 3aq.—IvA'lJaq. 

Bronio-tri-oxy-benzoic acid 
C„HBr(OH),COJT. Bromo-gallic add. [above 
200"]. From gallic acid and Br (Illasiwctz, A. 
142, 250; Grimaux, Z. 1807, 431). Monoclinic; 
si. sol. water. 

Di-bromo-o-oxy-benzoic acid 
C,IIjBr 2 (OH)COJi [5:3:2;1J. Di-bromo-salieylic 
acid. [219"J (B.); [223"J (B.a.G.). From salicylic 
acid and Br or from (3,5,2,l)-bromo-amido-sali- 
cylic acid by the diazo- reaction (Calicnrs, A. 
Oh. [3] 10, 339 ; 13, 102 ; Eolhvnge, B. 10,1707 ; 
Biellmann a. Grothmann, B. 17,« , 2727). Gives 
a violet colour with Fe»Cl,. Heated wall dilulo 
HjSO, it gives (3,5,2)-di-bromo-phenoi 130"].— 
BaA' 2 4aq. 

Methyl ether CJiJh-(OIT)COAfe: [149°]; 
from methyl salicylate and Br (l’eratoner, O. 
10, 405). Long needles, si. sol. alcohol. 

Methyl derivative. C„1I,Br.,(OMc)CO TI: 
[194°]. — Salt BaA'«,21aq. Methyl ether 
* C H H 2 Br 2 (OMe)C0 2 Mo : [53"J ; needles. 

Ethyl derivative (!„lhBr,(Okt).CO..n: 
[150 c ]; white needles. Methyl ether 
C, i H 2 ]h-„(0Kt).C0.,Afe: [43°]; needles. 

Di-bromo-o-oxy-beuzoic acid 
C„H 2 Itr 2 (OH)C(>..H [>:3:2or0:l]. [218"]. From 
(4,3,l)-di-brnmo-benzoic acid [229'] by nitra¬ 
tion, reduction, and diazolisatkm (Smith, B. 10, 
1706). Gives a violet colour with Fe 2 Cl s . 

Di-bromo-o-oxy-benzoic acid 
C ( iH-Br,(OII)C()Jl. [221' ]. Formed ns a by] 
product in convcrting(6',2,l)-bromo-mtro-benzoie‘ 
acid [250"] info di-bromo-henzoic acid by the : 
diazo- reaction (Hiibncr a. Lawrie, B. 10, 1700). 
Fo 2 C1 b gives a violet colour. ' 

Di-bromo-p-oxy benzoic acid 
C u H..lir 2 (OI 1 JCO.J 1. [208°]. From di-bromo- 

anisic acid and cone. HI (Alccci, G. 15, 212). 
One of the products of the dry distillation of 
sodium di-bromo anisatc (Balbiuno, U. 13, 09). 
Bong needles, insol. water, sol. alcohol and ether. 


ENZOIO ACID. 

Fe 2 Cl, turns its solutions yellowish-red. Sodium, 
amalgam forms p-oxy-benzoic acid.—CaA. 2 3aq. 

Methyl derivative C„H. J Br. 2 (OMe)CO,H 
[3:5:4:1], Di-bm,no-anisic acid [207°] (It.); [214°] 
(C.). From anisic acid, Br, and water at 120° 
(Koinecke, Z. 1800, 300; Crespi, G. 11, 425). 
Converted by prolonged action of Br and water 
into tri-bromo-anisol [87°].—NaA' 3aq.—AgA'.— 
BaA' 2 4.1aq. Ethyl ether CJI..(OMe)(CU.,Et): 
[88°J ; plates. n . I 

Di bromo-di-oxy-benzoic acid 
C # TIIir..(OH)..C().11. [214"]. From (3, 2, 1)- di- 
oxy-lienzoic acid and Br (Zehcnler, M. 2, 475). 
Needles (containing aq); in. sol. hot ..water. 
Fe 2 CI„ turns its solution Volet; cone. IF,SO, 
gives a gri en colour. Heating with water forms 
di-brnmo-resorcin. —KA'3'.aq. - CnA' 2 81aq.— 
PbCdf-Brd),. —CuA'.aq.—AgA'. 

Di-bromo-tri-oxy-benzoic acid 
C„Br 2 (0ii).|C0..1T. Di-bromo-gaUi add. [140°] 
(G.); [1.00') (10.). From gallic acid and Br 
(Grimaux, Z. J807, 431; Ftti, B. 11, 1,882). 
Fe.CI, gives a blue-black colour in its aqueous 
solution. • 

Tri-bromo-o-oxy-benzoic acid 
0,11 lir :l (011 i( ,'OJ!. Tri-b re no-salicylic acid. 
From Br and salicylic acid Small prisms, insol. 
water ((labours, A. Oh. [9,13, 104). 

Tri-bromo-»i-oxy-bcn*oic acid 
0„I 1 Br. ( (Oi 1 |U< )_H. [147" From 7«-oxv-benzoio 
acid (1 mol.) and Br (3 jrols.) (Werner, Bl. [2] 
46, 276). 

Tri-bromo-di-oxy-benzoic acid 
C, J Br : ,|OH)X!OJI. [183"]. From (5, 3, 1). di- 
oxy-benzoic acid and Br (Barth a. Kenhofcr, A. 
159, 225). Tables (from witer). Potash.fusion 
reproduces s-ffi-oxy-ln nzoic acid. 

BB0M0 - o - OXY - B JNZOIC ALDEHYDE 
C,n,BKB he. C„11.,llr(GH)ClIO. Bn,mo - sali¬ 
cylic. aldehyde. [99']. From salicylic aldehyde 
ami Br or PBr, (Biiwig, 1‘. 46, 57,383; Piria, 

A. Oh. [2] 09, 281 ; Henry, B. 2, 275). Bnmime; 
insol. water, sol. alcohol and ether. Combines 
with lvilS0 3 . 

Methyl derivative Mtr(OMe)CIIO. 
[114 j. From methyl-salicylic aldehvdo and Br 
(Perkin, A. 145, 304). Flat prisms (from alcohol). 

Ethyl derivative C u H,Br(Oiit)CHO: 
[C8“]; prisms. 

Broiuo . > oxy-benzoic aldehyde 
C,1 !,lb(()i 1)0110. [180"]. From p- oxy-benzoic 
aldehyde and Br. V. sol. alcohol and ether, v. 
,sl. sol. water: Combines with KIISO, (lleizfeld, 

B. 10,2198). 

Di-bromo-o-oxy-benzoic aldehyde 

C„H Jtr..(OH)CHO. Bi-bromo-salivy lie-aide ii/dc. 
Prisms. From salicylic ahlchydeaudBr (flee -loin, 
J.pr. 32, 65), 

Phenyl-hydrazide • 

C„H Ur_,(()H)Cl'l^\lII’h : [IIS' 1 ]; v. sol.alcohol, 
benzene, ether, and CHOI.,, insol. water. Tho 
monfc-acotyl-derivativo C„ll .lir,,(OAe)OII:N..HPh 
forms fine needles [188 'j, nearly insoluble in ether. 

Tlic di-acetyl derivatiwC„H 2 Br 2 (OAc)CH:N.AePh 

crystallises in white needles, [158 -), easily soluble 
in ether; it is formed by broniimating the di 
acetyl derivative of the phenyl-hydrazide ol 
salicylic aldehyde (Bossing, II. 17, 3008). 

Pi-bromo o oxy-benzoic aldehyde 
C„IBBr 2 (OH)CiIO. [181°J. From jp-oxy-benzoio 
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aldehyde (1 mol.) and Br (2 mols.) (Wernor. Bl. 

12] 48, 277). 

BBOMO-OXY-BUTYBIC ACID C 4 H.BrO :1 . 
[102°]. From di-bromo-bnlyric acid and baryta. 
Lamina (I’ctrieil a. Egliis, J. M. 7, 17!)).— 
BaA'j.—AgA'. 

Bromo-oxytratyric acid 

CH.,.CHBr.CII((m)CO.,II or 
CHj.CHfOIll.CJI iJr.CO Il. An uncryslallisablo 
syrap obtained as a residue when afl-di-bromo- 
Imtyric acid is distilled with water (C. Kolbo, J. 
pc. 133,38!); cf. Erlonmcyor a. Muller, II. 15,4!)). 
Bromo -oxy-butyric acid 

CTT,.Cllilr.CII (Oil).CO..II or 
CH a .CIi(OH).Cl Jllr.CO.il. |!)(>“j. From 0- 

methyl-glycidic acid 0<cJJ'cO H and IIBr 

(Mclikoff, Bl. [2] 43, 11G). Prisms. Probably 
identical with the preceding. 

Bromo-oxy-iso-butyric acid 
CILBr.C(0Il)Me.00 2 II. [101°J. Formed by boiling 
di-bromo-iso-butyric acid with water, and ex¬ 
tracting with ether (K.). Also from liBr and 

a-methyl-glycidic acid CO II Nool!ln3 ! 

sol. hot benzene, insol. CIIC1, anil CS.„ Not 
affected by boiling water. Reduced by the action 
of sodium amalgam on its aqueous solution, kept 
neutral by II..SO,, to oxy-iso-butyric acid, [79°J. 

BROMO-O'XY-CINNAMIC ACID v. Biiomo- 

COOMAKIC ACID. 

BR0M0-(ZF 4)-0XY-(Py. 4)-ETHYL-QUIN0- 
LINE TETRA-HYDRIDE C„H*Br(OH)EtN. 

Ethyl ether [35°]; long monoclinic prisms, 
a:b:c ^ 0*7002:1:0*5828. Formed by bvomination 
of ethyl-kairine (ethyl other of oxy-ethyl-quino- 
lino tetra-hydride), or by elhylal'$»i of the ethyl- : 
ether of bromo-oxy-quinoline-tetra-liydride. Tho 
picrato forms yellow needles [174°] (Fischer a. 
Rcnouf, B. 17, 702). 

DI-BROMO-OXY-INDONAPHTHENE 

C„H 4 Br 2 0 i.e. C,II 4 <Qy r >CBr. Vhenylcie.-di- 

bromo-acetyleyielcdone. [123°]. Obtained by heat¬ 
ing di-brorno-cinnamic neidC l JEI-.CBr:CBr.00 2 Il 
with cone. H..SO r Yellow needles. 

Oxim C„H 4 Br.,(NOII): [195°]; yellow needles. 
Anilide: [170‘ J ]; red needles. 

Di-bromide C u TI 4 OBr 4 : [124°]; prisms 

(Roser, B. 20, 1273). 

BROMO-OXY-MALElC ACID Phenyl deri¬ 
vative C0,H.CBr:0(()Ph).C0oH. [104 J J. From 
tho phenyl derivative of oxy-mucobromie acid 
and Ag 2 0 (Bill a. Stevens, Am. 6,187). Needle^. 
—Ag,.A". 

2;-BR0M0-aj-0XY - MESITYLENE C,JT M BrO 
i.e. C ti H,(CH,) 2 Br(Cir a .OH) [5:3:4:1]. p-Jiromo- 
viesityl alcohol. [GG°J. Obtained from p-a>-di- 
bromo-mesitylene (p-mcsityl bromide) by treat¬ 
ment with KOAc and saponification of the 
acetate. Pointed needles. V. e. sol. alcohol, 
other, and benzene, si. sol.cofd petroleum-otlier,i 
insol. cold water. Decomposes on distillation 
with separation of 1I 2 0 and formation, amongst 
other products, of p-bromo-mesitylenio aldehyde 
C rt IT 2 (Cn ;J ) 2 Br(CIIO). By oxidising agents it is 
readily converted into 7J-bromo-mcsitylenic acid 
[214°] (Schramm, B. ID, 213). 

eso-Bromo-oi^-di-oxy-mesitylene 

0 6 H 2 Br(CH 3 )(CH 2 0H) 2 . [121°]. S. 3£ at 100°. 
From the corresponding tri-bromo-mesitylene 


(200°-215°) by boiling vfth water and PbCO, 
(Colson, A. Ch. [0] 6, 98; C. JR. 97, 177). 
Pearly scales ; v. si. sol. cold water, m. sol. alco- 
hok Boiling IIC1 Aq forms C tl Ii.Br(CII 3 )(CII 2 Cl) l 

BROMO 0XY-/3-METHYL CUMARILIC ACID 

* (l) 


CJLBr(OH > )/ C c l‘ 0 VcO. 2 H. [221°]. Foimcd 
• x O / 

by boiling brom^-Zl-mellivI-umbelliferon-di- 
XMel’r.CUl Br 

bromide C o H.,Br(0Il)<; | with alco- 

\0-CO 

holio KOFI. Colourless needles. V. sol. alco¬ 
hol and ether, si. sol. benzene, insol. water. 
Cold H 2 S0 4 gives a colourless solution which 
becomes violet on healing. Fo ,01,. gives a 
yellow colouration with the alcoholic solution 
(Peclimann a. Cohen, B. 17, 2131). 

BROMO - 0XY-METHYL ETHYL PYRIMID - 

INE C 2 H i .C«^JJ;^j < ^jJ^^CBr. fl95°]. Formed 

by bromination of oxy-methyl-othyl-pyrimidino. 
Long colourless glistening needles. SI. sol. water. 
C r H h N 2 Br(0II) aq: very soluble long white needles 
(Pinner, B. 20, 2302). 

BROMO OXY-DI-METHYL-PYRIMIDINE 

CH 3 .C^^J^j^JJ^^>CBr. Formed by bromina- 

tion of oxy-di-methyl-pyrimidino. Tho hydro¬ 
bromide (li'IIBr) forms colourless needles, m. 
sol. water, v. sol. alcohol (Pinner, B. 20, 2361). 

(Pw. 2,3,1)-BR0M0-0XY-METHYL-QUIN0L- 
INE 


.CMo:CBr 

C 10 n 8 NOBr i.e. C,I1,< | ? Bromo* 

\N : C.OH 

oxyquinahline , or bromo-quinoxyl. [c. 258°]. 
Formed by the action of cold cone. I1,S0 4 
upon tho anilide of bromo-aeeto-acotic acid 
Cl r ; ,.C(OH):OBr.CONIIPh. Also from [Py. 3,1)- 
oxy-ne tbyl-quinolinc and bromine-water (Knorr, 

B. 17, 2875; A. 236, 91). Fine silky needles. 
SI. sol. alcohol, ether, and chloroform. Dis¬ 
solves in aqueous acids and alkalis. 

Tri-bromo-(P?/.l)-oxy-(P//.3)-methyl-quinol- 
ine C n H 2 MeBr 3 (OII)N. [275°]. Formed by 
bromination of (Py. 1, 3)-oxy-mothyl-quinoline. 
Insol. alcohol (Conrad a. Limpach, B. 20, 949). 

Bromo-(P?/.3)oxy-(Piy.l,l)-di-methyl-quinol- 
ineC n H, 0 LiNO. Bromo-mdhyl-lvpidone. [172°j* 
From tho oerrespouding oxy-dimetliyl-quinoline 
and bromine-water (Knorr, A. 230, 110). Spheri¬ 
cal aggregates of needles (fpm alcohol). Insol. 
water and NaOHAq, v. s< 1. dilute acids. 

BR0M0-0XY-(a)-NAI HTHOIC ANHYDRIDE 
« .CO 

C n ITJh*0.. i.e. C 10 II,Bi\ | [192°]. Formed by 

M) 

bromination of oxy- naphthoic anhydride 

/CO » 

C, „HX I dissolved in CS 2 . Small white 

m) 

needles (Ekstrand, B. 19, 1139). 

Bromo-oxy-(a)-naphthoquinone 
/CO.C(OII) 

C tt H 4 < |1 . [197°]. 

\CO.CBr 

Formation. —1. From di-bromo-(a)-naphtfio« 
quinone [151°] by boiling with aqueous NaOH 
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or Na 2 CO, j the yield Ifeing 60 p.c. of the theo¬ 
retical (Diehl a. Merz, B. 11, 10G4).—2. From 
oxy-(a)-naphthoquinone and Br.—3. Freparod 
by the action of alcoholic ILS0 4 on di-bromo-(a)- 
naphthoquinone-anilidc, p-bronio-aniline being 
simultaneously produced (Baltzer, B. 11, 1901). 

4. By the action of alkali upon bromo-/3-naph- 
thoquinone (Zineke a. Ocrland, B. 20, 151/5). - 

5. B^ boiling bromo-amido-(a}-naphthoquinono 

' vUl1 <lih,t0 “Ikalis (Z.).— 

6. From broino-oxy-(a)-naplitlioquinone-imide 
°« H Kc(Nlf) CBr^ boiling with cone. IIC1 or 
by treatment witii alcoholic NaOIl (Z.). 

Properties.- - Yellow noodles; v. si. sol. water, 
si. sol. ether, v. sol. alcohol. Oxidation gives 
phthalic acid. 

Balts. KA'aq: red needles.—BA* 2 . S. *07 
at 13°.—AgA'. 

Bromo-oxy-(a) naphthoquinone. [202°]. From 
the anilide [197"] of di-bromo-naphtlinqiiinono 
[218°1 by boiling with aqueous NaXO, (Miller, 
Bl. [2] 43, 125). Oxidises to phthalic acid ; it 
should therefore be identical with the preceding. 
BROMO - OXY - (a) - NAPHTHOQUINONE - 
AO — C(OTT) 

IMIDEC b H,< | . [c. 205°]. Formed 

V.(NII).CBr 

by boiling bromo - amido - (a) - naphthoquinone- 
imide OBr^" 

Formed also by the action of NII 3 upon bromo- : 
(0)-naphthoquinonc. Brownish - red glistening 
needles. By boiling with cone. HC1 or by treat¬ 
ment with alcoholic NaOIl it is converted into 
bromo-oxy-(a) - naphthoquinone. The sodium- 
salt forms red needles; the salts of the heavy 
metals are sparingly soluble pps. 

Acetyl derivative : [270 u l; red hair-like 
needles (Ztncke a. (lerland, JJ. 20, 1514). 

BROMO - OXY - NAPHTHOQUINONE SUL- 
PHONIC ACID C, n TT,BrSO tl i.e. < 

C.„H 3 O s Br(OH)(RO ;4 H). From (0)-naphthol sul- 
phonic acid and Br, di-bromo oxy-nnphtho- 
quinone being also formed in small quantity 
(Armstrong a. Graham, C. J. 39, 138; Arm¬ 
strong a. Btrcatfeild, C. J. Proc. 1, 232).— 
BaC ln H ( BrSO, ; . 

BR0M0-0XY-NIC0TINIC ACID v. Bnoaio- 
HXY-rvmmNE carhoxylic acid. 

BR0M0-0XY-0CT0IC ACID CJI.JlrO* i.e. 
CIl r CHI!r.CII 2 .Cn(C0.1I).0II..CH<0[f).CH.,. 
Bromo-oxy-di-propyl-acetic acid. 

h AHAI1.CH, 

Lactone CH s .CIIBr.CII ,.CH<; '| 

• x co.o 

S.G. 1*394. From di-ally}-acctic acid and 
IIBr, the compound (CIT :t .CHBv.GH,),CH.CO,II 
being probably first formed (ITjelt, A. 210, 73). 
Oil. Insol. cold water, v. si. sol. warm water. 
Tnsol. cold NaOH. Boilt d for a long time with 
water or aqueous Na.,C0 3 it apjv nrs to form tho 
XH..CliMe 

lactone CIL:CH.CH 2 .CII<: ‘| v. Oxy- 

\ CO.O 

OCTENOIC ACID. 

Tri-bromo-oxy-octoic acid. Lactone 
AllAH.CU.Bi 

CH 2 Br.CHBr.CH 2 .CH< ‘ I From 

> co.o 


di-allyl-acetio acid and bromine in chloroform 
(Hjelt, A. 210, 76). Oil. Y. sol. ether. Insol. 
cold NaOHAq. Boiled with aqueous Na.CO, it 
forms (CH 2 (0H).CH(0H).CH 2 ) 2 CH.C0 2 Na. * 

Tri-bromo-di -oxy- octoio acid. Lactone 
C s H n Br a 0 3 i.e. 

CiI 2 Br.CIIBr.CH 2 .C(OII).CIL.Cn(CIlBr).O.CO. 

From so-called 1 di-allyl-oxalic acid ’ and bromine 
I (t\ Oxy-octinoio acid) (BellaIzky, J. pr. [2] 
31, 485). 

Tetra-bromo-oxy-octoic acid C b II,.,Br 4 0, i.e. 
(Cl 1 ..Br.CIll3r.Cir.,)., 0(011 ).C0 2 II. From so- 
called ‘di-all.yl-oxaiic acid’ and Br (Bnytzeff, A. 
185, ISO). Oil: readily splits up intoHBf and 
the preceding lactone. * 

Kthyl ether EtA'. Oil (Schatzkv, J. II. 
17,73). 

DI - BROMO - HEXA - OXY - DIPHENYL. 

| Methyl ether C ll! H.Br ; ,(0Me), ; . f 1 TO 0 ]. From 
j the methyl ether of hexa-oxy-diphonyl and Br 
1 (Kwald, B. 11, 1023). Needles (from alcohol or 
| lIOAc); cone. IPSO, forms a blue solution. 

Tetra-bromo-di-oxy-diphenyl C,.,H tj ]»r ( 0 2 i.e. 
C ll II 2 Br,fOII).C u U,Br,.(Olf). [2C-l y ].“ Emm di- 
oxy-diphenyl and Br (Magatti, B. 11, 2207; 13, 
225). Also by reduction of bromo-rosoquinone 
(Baeyer, B. 11, 1301). Fuming IIN0 3 forms 
brownish-red scabs of (C 0 ir 2 Br 2 0) 2 . ‘Tetra- 
bromo-dijJtcnyl-qninone.' 

Acetyl derivative C,.,II,Ac 2 Br 4 0 2 . [245°]; 
needles. 

Tetra-bromo-tctra-oxy-dipbenyl 
Oj.Jb.Br^OIl),. Tetra-bromo-di resorcin. From 
tri-bromo-resoquinone C l} HBr,0 2 (?) and II,S or 
Bn and 1101. Needles (from ITOAc). Turns brown 
at 230" and deqpinposes at 280°. lnsol. water, 

| v. sol. alcohol and ether. Bodinm-amalgam 
gives diresorcin, llod-liot zinc-dust gives di¬ 
phenyl. 

I Acetyl derivative C,JL,Br,(OAc) 4 . 
j [195 -’J; needles (from alcohol) (Benedikt, M. 1, 

; 352 ; B. 11., 2170). 

Deca-broma-tetra-oxy-diphenyl C,._,Br, ; (OBr),. 

• Formed by adding Br and 1101 to a solution of 
diresorcin in aqueous potash (Benedikt a. Julius, 
M. 5, 179). Unstable crystals, gives off Br 
(2 mols.) at 185°. BO., reduces it to 0,..Br rt (OIl).. 

BROMO-/)-OXY-PHENYL-ACETVXENE. 
Methyl derivative C a lI.,Br(OM«i).C* : CH. 
[75°]. Formed by heating the methyl derivative 
of tri - bromo-;)-oxy - phenyl - propionic acid 
CJI.,Br(OMc).CllBr.CI lBr.C0 2 H with aqueous 
KpH (30 p.c.). Plates. Gives an unstable 
greenish-yellow compound with ammoniacal 
CuCl., (Kigel, B. 20, 2538). 

DI-BROMO-DI-OXY-DI-PHENYL-AMINE 
C 0 H. l (OII).Nii.C (i IIJ.?r 2 .OII [4:0:2:1]. Lcuco-di - 
bromo-qninonc-phcnol-imidc. [170 !3 ]. Colour¬ 
less prisms. V. sol. all ordinary solvents, except 
water. Formed by reduction of di-bromo-quin- 
rme phcnol-imide (V.Iohlau, B. 10, 2818). 

a-k-cso- eso - TETR A - BROMO - o - OXY * &- 
PHENYL-BUTYRIC ACID. Methyl derivative 
CJI 2 Br 2 (OMe).CHBr.CMeBr.CO.,H. [c. 200°]. 
From (a) or (j8) methoxy-phenyl-crotonic acid 
and bromine vapour (Perkin, C. J. 39, 434). 
Crystalline powder (from chloroform). 

Tetra-bromo-di-oxy-di-phenyl-methane 
C l3 H s Br,0 2 i.e. CH 2 (C (1 H.,Br 2 .OH) 2 . [225°]. From 
di-oxy-di-phenyl-methanc and bromine-wator 
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BROMO-OXY-PHENYL-PROPIONIC ACID. 


In ethereal eolation it forms an nnstable crystal¬ 
line compound with hydric bromide C,,H,Br„0, 
(Beck, B. 10,1837). 

BEOMO-OXY-PHENYL-METHYL-PYEAZOLE 

^>. Broino-plicnyl-mctliyl - 

pyrazolone, [c. 130°]. Fromoxy.phenyl-methyl- 
pyrazole and Hr in glacial acetic acid (Knorr, A. 
238, 176). Sol. alkalis, and dilute acids; inpol. 
water. SI. sol. ether, v. sol. glacial HOAc and 
chloroform. In alcoholic solution it slowly 
forms pyrazole-blue. Fe.,Cl a forms pyrazolo- 
blue. 

D^bromo-oxy-phenyl-methyl-pyrazole 

C 10 H 8 N 2 OBr 2 i.e. Di-bromo- 

phenyl-methyl-pyrazolone . [80°]. From oxy- 

phenyl-methyl-pyrazolc (lpt.) and Br (2 pis.) in 
acetic acid solution (Knorr, A. 238, 177). Sol. 
alcohol, lXOAc, other, and CHOI.,; in sol. water, 
alkalis, and acids. Not attacked by Fe.,01,.. 
Reduced by Sri and IIC1 or fuming HI to oxy- 
phcnyl-methyl-pyrazole. 

BROMO-OXY-PHENYL-METHYL-PYRIMID- 
1NE C„H„N 2 BrO i.e. CA.^^Jfj^CBr. 

[260°]. Formed by bromination of oxy-phunyl- 
methyl-pyrimidine. Glistening needles (Pinner, 
B. 20, 2361). 

BBOMO-o-OXY-PHENYL-PHOPIOLIC ACID. 

Metln/l derivative 

C«H : ,(OMe)llr.CiC.CO.11. [16s°] (with decom¬ 
position). From the methyl derivative of tri- 
bromo-oxy-plionyl-propionie, acid ( q.v.). Short 
white needles (from benzene). 

BROMO - o - OXY - H - PHENYL - PROPIONIC 
ACID C.H.BrOj i.e. C,Il : ,lir(OH).CiI..CIT,,CO,H. 
Bromo-meiilotie acid. [i l2"j. From its anhy¬ 
dride by boiling with water. Iteolaiignlar tables ' 
(from ehloroform). Sol. alcohol, si. sol. water. 
Changes on melting into its anhydride. 

0 


BA-Bromo-n-oxy-a-phenyl-proplonfo add 

0HBr.j.CPh(OH).CO 2 H. Di-bromo-atrolactit, 
acid. _ [167°]. Prepared by dissolving di-bromo- 
pyruvio acid and benzeno in cold H.SO,. Long 
needles or four-sided tables. Sol. benzene and 
CS., si. sol. cold water. By boiling with water 
it decomposes into C0 2 , lIBr, and u-brum- 
acetophenone (C li H.,.CO.CIl.Ur). On reduction, 
it gives atrolaetie acid (Bill linger, 11. 11, 1385). 
•Bromo-di-oxy-phenyl-propionic acid 
Methylene Qthcr C„lI„BrO t or 

CII, < Q>C„II.,Br.C 1C..CI L.CO.II. Bromo - 

pipero-propionic acid. [1-JO 0 ]. Fnnn sodium 
bromo-(£)-hydro-pipcrato and KMuO, (Wein¬ 
stein, A. 227, 41). Monocliuic crystals (from 
ether) sol. alcohol, si. sol. water.— (Ja.V.,. 

Di-bromo-o-oxy-plienyl-propionic acid 
C tt H s Br 2 0* Di-bromo-melilotic a-:il. [115°]. 
From melilotic acid and Br (Zwongor, .4. Suppl. 
f>, 110). Needles; may be distilled. — BaA'..5aq 
a-0-Di-bromo-o-oxy-phenyl-propiouic acid. 
Di-bromide of coumaric acid. 

Methyl derivative 
C, i H l (()Mo).CII13r.OHBr.COJI. [102'']. 

S. (ClIClj) 2*7 at 17°. From the methyl deriva¬ 
tive of coumaric acid C„li 1 (OMo)Cll.CII.COJr 
and Br. V. sol. ether. Decomposed by aqueous 
alkalis. With bromine vapour it gives rise to 
C.,.1 LBr a (OMe)CHBr.CJIBr.COdI [c. 202 ]. Crys¬ 
tals (from benzene) (Perkin’ C. J. 00, 420; 
Fillig a. Ebert, A. 210, 157). Strong potash 
(l:J) forms OJidOMoJC.JlBr.COJI [171 ]. 

Di inetlull ether 
C li H,(OMe)GliBr.CHBr.CO..Me. 

(a)- compound [12.VJ. S. (CS.) 3*4. 
(^-compound [0M°J. S. (OS.)**4. 

These two compounds are formed together by 
acting on tin*, isomeric molhoxy ple nyl-jicij, lal- s- 
of methyl with bromine in CS_. Hut the (u). 
i.'.omeride gives chielly that nulling at 125 J 
while the (fi) ; someridc forms chielly the other 


Anhydride C.JI,Br<V, rT 'l ll ’SCO.riOC'n. i C - . J - a!, < 42l >- Alcoholic potash eon- 

_ XCrJXH.X J | verts butli into metlioxy-phenyl-brumu-aen'lia' 

From melilotic anhydride and Jir in CS., in the '' 


cold (Fittig a. Ifochstetlor, A. 226, 361). Thick 
prisms (from chloroform). Bromine is not taken 
out by boiling alkalis. Sol. alcohol and chloro¬ 
form, si. sol. CS 2 . Slowly converted by boiling 
water into bromo-mchlolic acid. 

a-Bromo/3-oxy-/3-phenyl-propionic acid 
C 6 H 5 .CII(OTI).OHi3r.CO J H. [122“]; [125 ', an¬ 
hydrous]. From ujS-di-bromo-B-phcnyl-propinnio 
acid by boiling with water (Glaser, A. 117, 81V 
Thin laminre (containing nq). Boiled with very 
dilute NaXO, it gives phenyl-acetic aldehyde: 
l , Ji.CIi(01I).Cni!r.C0.JH» 

Pli.CH . CH.CO.jH i Ililr j 

\q/ 

Ph.CIf.CH(Oll) + HBr — 

6. CO * 

Ph.CH;CH.OH + CO a + HBr- * 

Ph.OHj.CHO + CO. i IIBr. 

The yield is 75 p.c. of tlie theorelioal, but some 
phenyl-glyceric acid is also formed ; 

rh.CH . CH.COjH + HjO =• 

\o/ 

Ph.OH(OH).CH(OII).CO.jII 
(Erlenmeyer, B. 13,308). S al t.—AgA\ 


acid. 

Ethyl derivative 

CJl 4 (0Et).0llBr.CIIBr.C()jr. [155-1. ft. (CS.) 
103 at 18°. From tho ethyl derivative* of 
coumaric and of coumarinic acids by Br (F. a. E.). 
Small crystals (from CS./ 

Di-ethyl ether 

C h lI,(OKl)c' : IBr.Cl IBr.CO.Et. [78°]. From 
CJI 4 (0 Et) CM:CII.COuEt and Br in CS. (P.). 

c.so-Di-bromo-p-oxy-,3 phenyl-propionic acid 
IIO.C u H 2 Br 2 .CiI : .CIL.CO i; 11 Di-bnmio-hydro- 
p-coumaric acid. [108 J ]/ From aqueous hydro- 
-coumaric acid and cold bromine-water (Stohr„ 
A. 225, 04). Needles (from acetic acid). 

Sa 1 Is(NH.)/;jI Br,0 ;i -- Ag,C u l 1 , Br,,O s . 
a/i-Di-bromo-^ ovy-phenyl-propionic acid 
C,iH 4 (0H).CHBr.CUBr.C0 2 lI. p - Coumaric - 
acid-di-bromide. P 
Methyl derivative 

CJI 4 (OMJ).CHBr.CIIBr.CO.,n : \W >]; colour¬ 
less crystals. Formed by combination of the* 
methyl derivative of jp-coumaric acid with Br. 
Di-methyl ether 

C 6 H,(0Me).C! ; iBr.CHBr.C0 a Me : [118°] ; m. 

sol. etlier and chloroform. Formed by com¬ 
bination of tho di-methyl ether of ^-coumari* 
acid with bromine. When boiled with aqueous 



BEOMO-OX Y-PHENYL-PROPIONTO ACID. 


potash solution (30 p#.) it is converted into 
tire methyl derivative of a-bromo-p-vinyl-pheno 
<l„H 4 (OMe).CH:CHBr (Valentini, G. 10, 421 
Eigol, B. 20, 2536). 

Di- bromo - di- eso-oxy-aa-di.phenyl-propionic 
acid C,,H l2 Br.,0 4 . Di-bromo-di-phe.nopropionic 
acid, Formed by bromination of di-pheno-pro- 
pionio acid CfI 2 .C(0 < H 4 OH) 2 .CO 2 H. Amorphous 
powdbr. Sol. alcohol, insol. water. 

Di-acetyl derivative C,. H, n B r. (0 Ae) fi ..; 
insoluble light yellow powdeiyifottingcr, B. 16, 
2073). 

Tri-bromo-p-oxy-phonyl-propionic acid 
C B H 3 llr(OH].0111ir.ClIBr.CO.JI. Bromo ■ p- 

coumaric-acid-di-bromidc. [188°]. Obtained 

by the action of bromine upon p-coumario 
acid. Needles. By alcoholic KOTI it is con¬ 
verted into tri - bromo - oxy - ethyl - benzene 
■C u H,Br(On).CHBr.Cn.,Br. 

Methyl derivative 

C„H,Br(OMo).CIIBr.CHl!r.COJI : [1C2°J ; 

needles. Formed by tho action ot bromine 
upon the methyl derivative of p-coumario acid 
C„H 4 (OMo).CTl :C4f .CO.H. By heating with 
aqueous KOI1 f.'iOp.c.) it is converted into brotno- 
methoxy - plienyl - acetylene C b H 3 Br(OMc).C:CH 
(Eigel, B. 20, 2534). 

o-a-8-tri-bromo-o-oxy-phenyl-propionic acid 

Methyl derivative 

-C 9 n 3 Br(Oile)CIIBr.CHBr.CO.,H. [185°-188°]. S. 
(chloroform) '42. From methyl-o-coumarie acid 
and bromine vapour (Perkin, C. J. 39, 417). 
White nodules (from benzene). 

Boiled with sodium acetate it gives off CO. 
forming the methyl derivative of o-ezo-dibromo- 
0 - vinyl-phenol, C (i H 3 Br(OMc)C 2 n 2 Br, a viscid 
oil. Strong KOII (1:1) gives the methyl deriva¬ 
tive of bromo-oxy-plienyl-propiolic acid (q.v.). 

Tetra-bromo-o-oxy-phenyl-propionic acid 

Methyl derivative , 
C„H 2 Br 2 (dMc).CIIRr.CHBr.C0 2 H. [202°]. From 
the preceding and Br (P.). « 

DI - BROMO - DI - OXY - DI - PHENUh SUL¬ 
PHIDE. S(0„H J T!r.OH)„. [173°]. From p- 

bromo-phenol and SCI 2 in CS. (Tassinari, G. 17, 
91). Amorphous, reduced by zinc-dust to 
e(C,H,OII)... [128°]. 

DI - BROMO - DI - OXY - DI - PHENYL - SUL - 
PHONE. Di -methyl derivative 
S0 2 (C„IL,(OMe)Br).,. []($'>]. From SO,(CJI 4 .OMe).. 
.and Br. Small plates, v. sol. boiling alcohol 
(Annaheim, A. 172, 48). 

Di-ethyl-derivative ^0 2 (C s II,(0Et)Br) 2 . 
{183°]. 

Di-r soamyl m'nvatrve 
•S0 2 (C„H ; ,(0C a lf,,)Br) 2 . < [100°]. 

Xetra-bromo di-oxy-di-phenyl sulphone 
SO.,(C„H.Br 2 .OH) 2 . [270°]. 'From di-oxy-di- 
phonyl-sulphono and Br. Thick monoclinio 
prisms (from alcohol). 

TETRA - BROMO - OXY - PHENYL-VALERIC 
ACID. Methyl derivative 
<C d H,Br.,(OMo)CnBr.CF,tBr.CO.,H. [159°]. From 
(a) and (3) methoxy-phenyl-angelic acids and 
bromine vapour. Crystallised from light petro¬ 
leum (Perkin, G. J. 39, 437). 

Di bromo-di-oxy-phenyl-valeric acid 

Methylene derivative C 12 H, 2 Br 2 0 4 i.e. 

-CH.;<^9^>C„II 2 .C 1 H, 1 Br 2 .C0 2 H. Di-bromo-piper- 
■hydronir arid. [130°-140“]. From (a)-hydro- 


piperio acid and Br (Fittig a. Mielck, A. 172,169s 
Weinstein, A. 227, 33). Warm NaOHAq gives 
piperio acid. Sodium-amalgam gives hydro- 
piperic acid. 

Tetra-bromo-di-oxy-phenyl-valerio acid 

Methylene derivative 

CH 2 <Q>C s II 2 .CHBr.CHBr.CHBr.CIIBr.C0 2 H. 

Tctra-bromo-piperhydronic- acid . [1G0°-1G5°]. 
From piporic acid and Br (F. a. M.). Alkalis 
give HBr and piperonal CIl.X.„C (i H ; ,.CTIO. Boil¬ 
ing water produces HBr and * d i- b r ora o -p iper- 
in ide * C,..H s Br. ! O l [13G°]; this body crystallises 
from alcohol in prisms, insol. water and alkalis, 
converted into piperonal by boiling aqueous 
NaXO.,. Further treatment* with water con¬ 
verts di-bromo-piperinide into bromo-oxy-piper- 
inide 0, B Il # BrO s [132°], which separates from 
alcohol in monoclinic crystals, insol. aqueous 
Na.XO.,. 

BROMO-DI-OXY-PHTHALIDE. Di-methyl- 
derivative C J0 H 0 BrO 4 i.e. 

C 6 IT 3 B r (OMe) 2 <™ >0 [m:G:5 : f]. 

Bromo-pmtdo-meccmine. [142°]. White floeeu- 
lcnt solid (Salomon, B. 20, 887). 

BROMO-OXY-PIPERINIDE v. Tetea-bromo- 

DI-OXY-PlIKNVn-VALKHrC ACIO. 


a-BROMO-B-OXY-FROPIONIC ACID 

j C 3 H,Br0 2 i.c. CH.(0H).CHBr.C0 2 H. Bromo - 
hydracrylic acid. Formed by warming silver 
i o3-di-bromo-propionate with water (Bcckurts a. 

1 Otto, B. 18, 236). Syrup ; converted by moist 
! Ag.fi into glyceric acid. Salt.—ZuA' a . 
/3-Bromo-a oxy-propionic acid 
CH.Br.CH(OH) .CO.H. P-Bromo-lartie acid. 

[90°]. From c^:y-acrylic acid and HBr (MelikoiT, 
B. 13, 958). Prisms (from ether); miscible 
with water. 

Di-ethyl ether CH 2 Br.CII(0Et).C0 2 Et. 
From Cll.Br.CIIBr.CO.Et and NaOEt (Michael, 
J. pt [2] 35, 136). 

a/3-Di-bromo-a-oxy-propionic acid 
CHJ!r.CBr(On).CO.,lI. Di-bromo-lactic acid. 
[98']. From acrolein dibromide and cold diluto 
llNOj (Linnemann a. Peni, B. 8, 1101). 

33-Di bromo-a oxy-propionic acid 
CHBr..CII(OH).COJT. Di-bromo-lactic acid. 
From the nitrile and HCIAq. Syrup. 

Nitrile CHBr 2 .CU(OH).CN. From di- 
bromo-aldehyde and HCN. Oil (Pinner, A. 
179, 71; B. 7,1501). 

333-Tri-bromo-oxy-propionie acid 
CBr,.CH(OTT).C0 2 H. Tri-bromo-lactic acid. 
[143°]. From bromal, HCN, and 1101 (Pinner, 
B. 7, 1501; Wallach, A. 193, 50). 

Ethyl ether El,A' [46°]; prisms. 

Nitrile CBr a .CH(()H).CN. From bromal 
hydrate and cone. IlCNAq. Prisms, v. sol. water. 
Tri-bromo-cthylidcvc ether v. Beo* 

S1AL1DE. 

o Fri-chloro-%thylidene ether 
CCl J .«H(C ? HBr.,O s ) 2 . [134°]. Formed by heating 
tin, acid with chloral. 

DI-BROMO DI-OXY-PROPYL-BENZENE t>. 


BnoMo-EUaENon. 

Di-bromo-tri-oxy-propyl-benzene. Di-bromo- 

propyl-pyrogallol. 

Di-methyl derivative C„H 14 Br 2 0j i.e. 
C,.(C.,H 7 )Br 2 (OiT)(OMe) 2 . [109°]. Acetyl deri- 
vative C,(C 2 H,)Br 2 (OAc)(OMe), [102°J. 
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Methyl di-acetyl derivative 
C fl (C 3 H 7 )Br 2 (OAo) 2 (OMe). [79°]. These com¬ 
pounds are formed by brominating the corre¬ 
sponding derivatives of tri-oxy-propyl-benzene 
(Hofmann, B. 11, 331; Brezina, ill. 4, 492; 
Pastrovich, M. 4, 185). 

DI-BROMO-DI-OXY-DI - PROPYL - MALONIC 
ACID (CH,Br.CH(0II).CH..) 2 C(C0 2 H),.. 

Di-lactone 


CH^Br.CIl.CIIox XH.,.CILCILBr. 

I " | ‘ [iso 3 ]. 

O.CO / \CO .0 


From di-allyl-malonic acid in glacial IIOAc by 
Br (gjelt, B. 15,025; A. 216, 01). The tetra- 
bromide (CILBr.CII 1 Jr.CIL) 2 C(C0. 4 TI) 2 is first 
formed, but splits oil 2HBr. Small plates (from 
alcohol). Insol. cold water, si. sol. boiling 
wator, v. sol. warm alcohol, si. sol. ether. 
When boiled with baryta it ought 1o form 
Ba(C0,),C(0H s .CH(0H).0H # 01I) # but this splits 
oh BaC0 3 forming the lactonic acid : 

cn 2 oii.cn.cn 2 v 

| ‘ >CH.CH., CH(OII).CTI .OII. 

O-CO x 


DI-BROMO-OXY-PYRIDINE C,H 3 Ur.,NC> i.c. 
CJI>Br.,(OIl)N. Prepared by heating piperidine 
with Br and water to 200 ; (Hofmann, Ji. 12,9H4). 
Glistening scales. Si. sol. water, ether, and 
alcohol. Sol. aqueous acids and alkalis.— 
(B'HCl) 2 PtCl 4 : long needles.—C a HJ\gBr 2 0N: 
white pp. 

Methyl derivative : [193°]; longneedles. 

Di - bromo - oxy - pyridine C & ILBr»(OII)N. 
[207°]. Long white needles. Formed by add¬ 
ing bromine-water to a solution of oxy-pyridino 
[107°] (Konigs a. Geigy, B. 17, 591). 

Di-bromo-oxy-pyridine «C i ILBi\,(011)N. 
[c. 200°]. Formed by the action of bromine- 
water upon (/3)-oxy-pyridine [125°]. Colourless 
needles. V. sol. water and alcohol, nearly insol. 
benzene. Fe 2 Cl,. gives a violet colouration. 

Salts.—B'HBr: small white silky n edlos. 
B' 2 ILS0 4 * : easily soluble plates. -B'..H A! 2 O x : 
needles si. sol. alcohol. The picrate forms yel¬ 
low needles (Fischer a. Renouf, Ji. 17, 1-S98). 

BROMO - OXY - PYRIDINE - CARBOXYLIC 


ACID C !> H.,N(Br)(OH)CO..H fl:£r:2:5J. /Jromo-o.nj- 
nicotinic acid. [29(k'J. Obtained by saponidea¬ 
tion of the methyl-ether, which is formed by the 
action of aqueous Nil., upon the methyl-ether of 
bromo-eumalic acid. SI. sol. hot water, nearly 
insol. ether, alcohol, and acetic acid. 

Methyl ether C : JL 2 N(Br)(0JI)CO 2 Me. 
[222°J. Slender glistening needles. Sol. hot 
water and hot alcohol. 

Phenyl derivative of the methyl-ether 
0 6 H 2 N(Hr)(OPh)CO.,Me. [183°]. Formed by the 
action of aniline on the methyl-ether of cumalic 
acid in alcoholic solution. Distils without de¬ 
composition ; wh*to glistening needles, sol. al¬ 
cohol and ether, insol. watcY (Pechmann a. 
Welsh, B. 17,2398). * » 

DI-BR0M0-0XY-QUIN0LINE • 
C u K 4 Br 2 (OH)N. [195°]. Prepared by the action 
of bromine-water on a solution of oxy-quinoline 
(Bedali a. Fischer, B. 14, 1307). Wli.te silky 
needles. Sol. alcohol, ether, benzene, CS 2 , nsol. 
water, ligroi'n, and dilute acids. 

V. also BltOMO-CARHOSTYRIL. 

BROMO - (B. 4)-OXY-QUINOLINE TETRA- 
HYDRIDE. Ethyl ether C 8 H„Br 2 (OEt)N. 


[45°]. Obtained by adding bromine to a cooled 
chloroform solution of (RT4)-ethoxy-tetra-hydro- 
quinoline. Long tricliifrc crystals. The hydro¬ 
chloride crystallises in felted needles, the sul¬ 
phate in colourless plates, and the oxalate in 
prisms. The picrate forms sparingly soluble 
yellow needles [108 J l. The nitrosamino forms 
glistening plates [80 J J (Fischer a. Itenouf, B. 
17,700). • 

• DI-p BR0M0-DI-0XY-QUIN0NE 
C, i l*r. J (OII) J 0., [1: ^2:5:3:0J. Brnmanilic acid. 

Formation. —1. By dissolving di-, tri-, or 
tetra-bromo-quinone in potash (Stonhouse, A. 
91,311; Sarauw, A. 209, .115).- 2. By heating 
i the sodium salt of di-oxy-qu : none-di-p-carbo- 
! xylic acid with cone. TIBr.—3. Together with 
' tetra-bromo-quinone by heating (l,3,5,2)-tri- 
bromo-plymol with pyrosulpliuric acid at 115° ; 
the reaction is anomalous as the two Br should 
remain m to one another (Salzmann, B. 20, 
1997), v. also Di-ciiloj;o-i>i-oxy-quinojje. 

Properties. —Monosymmetrical dark-red 
needles or bronzy plates. Converted by Br into 
liexa-bromo-acetone. A neutral solution of the 
Na salt gives the following reactions :—CaCL: 
brown pp.—BaCL: yellowish-brown pp.—FeS0 4 
and NiS0 4 : greenish-groy pp. — Fe.XJl,.: brown¬ 
ish-black.—Co(NO :t ) 2 : brown. — Pb(OAc).,: red¬ 
dish-brown.—CuS0 4 : greenish-brown. — AgNO, 
and IIg 2 (NO : ,) 2 : red. IigCl 2 : no pp. 

Salts.—Na 2 A"4aq : asymmetric crystals.— 
K.A"2aq: asymmetric crystals. — K.A"aq 

(llantzseh, B. 20, 1303; Ilantzsch a. Sclmitcr, 
B. 20, 2010, 2279). 

Di-broino-di-oxy-quinone. Di-methyl de¬ 
rivative C G Br„(0Me).,0.,. [L75 'J (Hofmann, B. 
s 11. 332). 

; Tri-bromo-oxy-quinono C„(0 II) Ur ;( 0 2 . [207°]. 

! From oxy - hydroquinono and Ur (Ur. th a. 

: Sclireder, M. 5, 593). Orange grains; sol.alco- 
■ nol and GHC1 3 . 

| DI BROMO-OXY-TOLUIC ACID. Methyl 
( ethei jC ti HBi\Me(0Me).C0 2 ll [?:?:4:2:1], [194°]. 
j From the methyl derivative of di-bromo-thymol 
I bv oxidation (Paternd a. Can/oneri, G. 10, 233). 

DI-BR0M0-0XY-T0LUQUIN0NE 
j C,.Melir 2 (0H)0 2 . |197 u ]. Formed in small 

1 quantity by the action of dilute KOH oil tri- 
I bromo-toluquinonc (Spica a. Magnanimi, G. 13, 
312). 

BROMO - OXY - T0LYL- PHENYL - KET0N3J - 
CARBCLX.XLIC ACID 

CJI,(CO.Jf).CO.CJI 2 (CH :i )(B r)OII. [228°]. Pre¬ 
pared by the action of Br and acetic acid on an 
alcoholic solution of o-eres d-phthaloin. Small 
prisms. By heating wi'h TLSO, to 130° it ia 
readily converted into bromo-ox v-mcthyl-anthra* 
1 quinone. Chloride !208'J (Fnuulc, B. 12,239). 

DI - /3 - B ROMO e.OXY-a-TOLYL-PROPIONIC 
ACID C Ifl lf 10 BrX\« /.#*. CfIBr...C(fJ 7 H ; )(011).C0 2 H. 
Di-bromo-cso-methyl-atrolaclic acid. [103°]. 
Prisms or needles. ^Prepared by dissolving 
di-bromo-pyruvic acid and toluene in II 2 S0 4 at 0°. 
By hot water it is decomposed into C0 2 and 
tolyl bromo-metliyl ketone C 7 II 7 .CO.CH 2 Br. On 
reduction it gives eso-methyl-atrolactio acid 
(Bottinger, B. 14, 1597). 

BR0M0-0XY-VALERIC ACID. Lactone . 
CH 3 .CH.CHBr.ClL.CO.O. From dy-di-bromo- 

valeric acid by boiling with water (Messer* 
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schmidt, A. 208, 102K Non-volatile oil; con¬ 
verted by boiling blryta-water into di-oxy- 
valeric acid. 

Di-bromo-oxy-valeric acid. 

Lactone CH.,Br.CBr.CIL.CH,.C0.0 or 

i__i 

CH,.CBr.CHBr.CH..CO.O. [78°-81°]. From 
i ' _ i 

(a)-ncigelico-lactoiie and bromine. Tiiick white 
hygroscopic needles (from CS 2 ). Water can- 
verts it into Hill* andbromo-le*ulic acid (Wolff, 
A. 229, 204). 

DI-BROMO-PALMITIC ACID 0 lfi H., ft Br,0,. 
[29°]. Frdtn hj’pogauc acid and 13r (Schroder, 
A. 143, 21). Amorphous and insol. water. 
Alcoliolic KOI! converts it into bromo-hypogtoic 
and palmitolic acids. Aqueous alkalis form di- 
oxy-palmitic acid. 

Di-bromo-palmitic acid C l(i H 30 lh\.A 2 . From 
gaiolic acid and Br. Crystalline ; converted by 
alcoholic KOH into palmitolic acid (S.). 

Tri-bromo-palmitic acid C l6 ir. fl Br s O g . [39°]. 
From bromo-hypogmic acid and Br. Amor¬ 
phous (S.). 

Tetra-bromo-palmitic acid. C J(l II 2s Br 4 0 2 . 
Yellow crystals. 

BROMO-PALMITOLIC ACID C 1I( H., 7 BrO.,. 
pn 1; rom tri-bromo-palmitic acid (v. sup.) 
and alcoholic KOH (S.). 

BROMO-PENTANE v. Amyl bromide. 
o/3-Di-bromo-pcntane C 0 H 10 Br., i.c. 
CH 3 .CH 2 .CTiBi.CHBr.CH a . Amt/lcnc bromide. 
(178 '). S.G. l*tjsii8. From the corresponding 
amylene and Br (Wagner a. Saytzcff, A. 179, 
307). 

a«-Di-bromo-isopentano IV.CIL.CHBr.^. 
Loamylidcnc bromide. (170°-180 J ). From iso¬ 
valeric aldehyde and PCl ; ,Br 2 (Bruylants, B. 8, 
400). Alcoholic KOII gives PrCII:CllBr (111°) 
and Pr.CjCII. 

aa-Di-bromo-pentano Pr.CBn.CII3. From 
methyl propyl ketone and l‘Cl.,Bi\, (?*.). %>lit up 
by distillation into IIBr and Pr.CBriCII.. (123 y j. 

a/5-Di-bromo-isopentane 
(CH, ( ).,.CBr.CHBr.CH f . (170°-175’). S.G. 
1*6370. M.M. 12-947 at. 12*0 h From tri- 


Tetra - bromo - pentane 0 4 H„Br 4 . Isoprene 
tclra-bromide. From isoprene (Tilden, U. N, 
4G, 120). 

Penta-bromo-pentsne C 5 H 7 Br,. Two bodies 
of this composition are formed by the action of 
Br on valerylene in sunlight (lh). 

BROMO - PENTENYL ALCOHOL Ethyl 
ether C 7 H 13 BrO i.e. C 5 H s Br.OEt. (177°-180°). 
S.G. I? 1*23. From tri-bromo-pentano and alco¬ 
holic KOH (Tteboul, A. 133, 81). 

BROMO-PENTINENE v. Bromo-valkrylene. 

BROMO-PHENANTHRAQUINONE v. Phkn- 

ANTTIRAQUINONR. 

BROMO -PHENANTHRENE v. PiiSnan- 

THRKNE. * 

BR0M0-DI-PHENIC ACID 
COJI.C 1 ,H 4 .CJl :{ Br.CO.,H. [236° uncor.]. Formed, 
together with its di-bromide, by heating diphe- 
nic acid with bromine at 80 J -100°. Small 
white prisms. Sublimes with dilliculty. Not 
volatilo with steam. V. sol. alcohol, ether, and 
acetic acid, si. sol. benzene, chloroform and CS 2 , 
insol. cold water. # 

Salts.- A"Na 2 : white v. sol. amorphous 
powder.—A"Ba3aq: sparingly soluble needles.— 
A"Ag 2 : white insol. pp. —A"Cu: si. sol. amor¬ 
phous green powder. 

Di-cthyl ether A'Et 2 : [05°J; crystals 
(Claus a. Frier, B. 19, 3119). 

Bromo-di-phcnie-acid-di-bromide 
C 12 H 7 Br,(CO.il) 2 . [250° uncor.]. Formed in 

small quantity (15 p.c.) by heating di phot tin acid 
; (1 mol.) with bromino (2 mols.) for 8 days at 
; 100°. Glistening colourless needles (from hot 
' alcohol). SI. sol. ordinary solvents. Its alka- 
: line solution decomposes very easily on heating, 
forming salts of di-bromo-di-phenie acid. It 
1 has a very bitter peculiar taste.-- A"Nu : soluble 
| silky plates (Claus a. Edler, li. 19, 3152). 

Bromo-di-phenic acid 

rdaj^H^COOHJ.CJIaBr.COOIiri.l.^]. r208°]. 

! Formed by oxidation of the liquid (1,1,1/,4',2') 

! mono-bromo-ditolyl with CrO., and acetic acid 
! (Carnellcy a. Thomson, G.J. 47, 590). 
i Di-bromo-di-phonic acid C M U H Br.,0,. [29G°], 

J From (li-brorrio-phenanthraqilinonejK/h’oO;, and 


methyl-ethylene and Br (Wurtz, A. Ch. [3] 35, 
458; Bauer, Til. 2, 149). Converted by water 
(20 vols.) and PbO at 150 J into methyl iso¬ 
propyl ketone (Kltekoif *J. 11. 10, 215). 

Isoamylene dibromide, formed by combina¬ 
tion of Br with isoamylene frdni crude fT^sel oil, 
is a mixture of several of the preceding di- 
bromo-pontanes (Cal^ours, C. 11. 31,291; Wurtz, 
A. Ch. [3] 4, 453; A. 123, 202 ; lteboul, C. li. 
58, 1053; A. 133, 84; 4 Bauer, Bl. 18G0, 148; 
A. 120, 167; Z. 18G1, 590; •Golowkinsky, A. 
Ill, 252; Olovinsky, Z. 1801, 67-1). 

Valerylene dihydrobromide (170^-175°), 
formed by the union of IIBr with crude valeryl¬ 
ene is also a mixture of 4'-bI'omo-pentanes. 

Tri-bromo-pentane CJIjjBra. From bromo- 
isoamylene and Br. 

Tetra-bromo-pentane C 5 II H Br 4 . Valerylene 
tetrabromidc. [-10°]. From crude valerylene 
and Br (Reboul, A. 132,119; 135, 372). 

Tetra-bromo-pentane C s H h Br 4 . Bipcrylcnc 
tetrabromide. [115°]. From piperyleno and 
Br (Hofmann, B. 14, 664). A liquid isomeride 
is also formed (Magnanimi, 0 .16, 390). 


! H 2 S0 4 . Geodes of small crystals, v. si. sol. hot 
water, insol. alcohol and ether (Ostenuayer, B. 

7,1091). 

Di-bromo-di-phenic acid C,li (i Br.,{CO, ! H)... 
[245° uncor.]. Formed by heating di-phenic 
| acid (1 mol.) with bromine (2 mols.) at 200°, or 
by.heating aqueous solutions of salts of mono- 
bromo-di-pbenic-acid-di-bromide. Small glisten¬ 
ing needles. Not volatile with steam. Sublimes 
with difficulty. SI. sol. benzene, chloroform, 
acetone, CS 2 , and hot water, nearly insol. cold 
water, v. sol. alcohol, ether, and acetic acid. 

Salts.—The alkaline salt#} are very soluble 
i amorphous glassy masses. — A"Ag 2 : white 
! amorphous pp. - A"tJa 3aq: easily soluble plates. 
1 —A"PU: al. sol. mierocrystalline powder. 

Di-ethyl ether A"Et.: [106° uncor.] 
crystals (Claus a. Edler, B. 19, 3149). 

o-BROMO-PHENOL C^BrO i.c. C„TI 4 Br(OH) 
[1:2]. (195°). From o-bromo-anilino by the 

diazo- reaction (Fittig a. Mager, B. 8, 362; 
Korner). Formed in small quantity in bromi- 
nating phenol (Hubner a. Brenken, B. 6, 171), 
Oil; volatile with steam. Potash-fusion give! 
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resorcin. HNO, forms bromo-di-nitro-phenol 
P18 0 ]. 

Methyl ether C 6 H 4 Br.OMe. (223°). From 
the methyl ether of o-amido-phcnol by Sand- 
meyer’s reaction (Wallach a. Ilensler, A. 213, 
238). 

m-Bromo-phenol CJI.BrfOH) [1:3]. [33°]. 

(236°). From w-bromo-anilino by the diazo¬ 
reaction (Korner, G. 4, 383; Wurstor a. Nfdting, 
B. 7, 905; F. a. M.j. Crystalline. Potash- 
fusion gives resorcin. IINO, gives bromo-di- 
nitro-plicnol [92°]. 

p-Bromo-phonol C 6 H,Br(OIl) [1:1]. [01°]. 

(237°). S.R. (18°-77°) -3157. S. 1122 at 15°. 

l&rmatum — 1. By distilling bromo-o-oxy- 
benzoic acid with*JJaC0 3 (Cahours, A. Oh. [8] 
13, 102).—2. By passing air saturated with Br 
(1G0 pts.) into cooled phenol (91 pts.) (Korner, A. 
137, 197).— 3. Bromine (IGOg.) is dissolved in 
glacial HO Ac (200 g.) and added to phenol (91 g.) 
dissolved in HOAc (300 g.) (Hiibnera. Brenken, 
B. 6, 171).-1. From p-broino-anilino by the 
diazo- reaction (K.; F. a. M3. 

Properties .— Largo crystals (from chloro¬ 
form); si. sol. water, v.*sol. alcohol. Dimclric; 
a: c1: 1*46. Its heat of neutralisation has 
been determined by Werner (O. It. 98, 1333; 
Bl. [2] 4G, 281). Nitration gives bromo-di-nitro- 
phenol [7G°]. Potash-fusion gives resorcin. SCI, 
forms S(Cjf 3 Br.OII) 2 [17G°J (Tassiuari, G. 17, 
83). 

Methyl ether CJIjBr.OMe. Bromo-anisol . 
(223° cor.). ,S.G.y 1-191. 

Ethyl ether C ( ll,Br.OFt. (283°). 

Isopropyl ether C li TI l Br.()Pr. (230°). K.G. 
£ 1-981. n u 1-553. From isopropyl phenol and 
Br (Silva, Bl. [2J 13,27). 9 

Benzoyl derivative C a II,iTr.OBz. Crys¬ 
talline. 

Bromo-phenol (Fourth). (23G°-238- > ) (Fitlica, 
J. pr. [2] 28,170; B. 19,2G32; A. Ch. [Gj 4,561). 

Preparation— Phenol (10g.) t alcohol (£0g.) 
and amorphous phosphorus (3g.) are mixed and 
cooled wliile bromine (17 g.) is added througli a 
capillary tube. The product is washed with 
dilute Na,C0 3 , dried and distil!(-d. It contains 
di-bromo-plienol and the new body. This can 
only be distilled when in small quantities, in 
larger masses it undergoes carbonisation. 

Properties. - Not solid at 1.0 J . 

Nitration. -Bromophenol (1 pt.), glacial 
acetic acid (3 pts.), and HNO., (S.ti. 1-4) added 
gradually form crystals of a molecular compound 
C a H 8 Br(N0 2 )0II.C u HJ3r(N0.,)..0JX which.crystal* 
lises from alcohol ami melts at [60 J -6;V]. 
Fuming 1IN0 ;< converts this into a bromo-di- 
nitro-phenol [I08 J -110 J J, isomeric with those 
known. By tlio action of baryta on the above 
molecular compound a second such body 
(C a H 3 Br(N0 2 )0II) 2 CJl.Br(NO,.),.OII is got. 

The existence of four bromo*phonols would 
be contrary to the general rufc that only three 
isomeric di- derivatives of benzene can ljp ob¬ 
tained ; according to Hand (A. 234, 129) tho 
fourth bromo-phenol is merely p-bromo-phcnol 
of which the melting-point is lowered by a trace 
of moisture. 

Di-bromo-phenol C 0 ll,Br.,(OTI) [1:3:4]. [40°]. 
S.H. (18°-73°) -213G. S. *194 at 15’ (W.). 

Formation. —1. By distilling di-broino-sali- 
oylio * 3 id with baryta (Cahours, A. 52, 329), or 


by heating with dilute H j»0 4 at 280° (Perntoner, 
G. 16. 402).—2. By passing bromine-vapour (2 
mols.) into cold phenol (1 mol.) (Korner, A. 137, 
205). 

Properties. — Crystalline mass, v. si. sol. 
water, v. sol. ordinary solvents. IINO,, forma 
picric acid. Its heat of neutralisation has been 
determined by Werner (G. /♦. t»H, 1333). Heated 
with dilute R.SO, in sealed tubes, it is converted 
in fib mono- and. tii-bromo-phenol (Peratoner, 
G. 16, *103). /, 

Methyl ctiler CJI :l P»i-..(OMo). [59°]. (272°). 
From di-bromo-phenol, NaOlf, ^and Mel. 
Formed also by hrominutiug anisol(C.). 

Nitro-benzoyl derivative 
C,,H 3 Br 2 O.CO.C„Tl,N0 2 . [00 - 100 J. From ben- 

* zoy 1-phenol by brominatiou followed by ni« 

• Ira I ion. 

Di-bromo-phenol C i; TT,Br,(OT 1) 16:2:1]. [56°]. 
Formed by distilling tetra-bromo-plieiiol-phtha- 
lei'n with cone. IPSO, (Bueyer, A. 202, 138). 
Also from di-bromo-p-amido-phenol by displacing 
NIL. by H (Miihlau, B. 15, 2191). Mass of thin 
noodles (from water). 

Di - bromo - phenol C.JT Br .fOII) [1:3:5]. 

[7G-5 ’]. Formed, together with its methyl ether, 
by heating s-tri-bromo-henzeno with NaOMe 
I (Blau, M. 7, 621). Converted by potash-fusion 
into phlorogluein. 

Methyl ether C,TI Br..(()Me): [38°]. 

Ethyl ether 0,111 >r (()Kt.). (268 '). Formed 
by boiling di-bromo-o-di-nzo-phonelol nitrate, 
C„11..]»r.,(0 Kt)N,Nwith water (Mohlau a. 

, Ochnhohen, J. pr. 132, 182). 

Tri - bromo - phenol CJLBr.fOII) [2:1:6:11 
j [92 j (Wiising, A. 215, 235); [95 ] (Korner). S. 

| -0U7 at 15 (W.). 

j Formation.— 1. From phenol and Br G.au- 
i rent, A. Ch. [3] 3, 211; Burner, .1. 187, 208). - 
! 2. By distiliiis'g tri-bromo-salieylic acid with 
1 sand and baryta (C.).—3. By treating indigo with 
| bromino-wali V —4. From potassium phenol di- 
sulpho&ile and Br (Schmidt, /J. 11, 
j Properties. —Long silky needh-s (from dilute 

: alcohol); may he sublimed. V. si. sol. water, v. 

; sol. alcohol. Its heat of neutralisation has been 
examined by Werner and Berthelut (G. R. 98, 
1333; A. Ch. (GJ 3, 552). 

Reactions.— 1. Nitric arid forms di-bromo* 
nitre-, bromo-di-nitro-, and tri-nilm-phenol 
(Armstrong a. Harrow, C. J. 29, 476). 2. CrO s - 
and 1102*; gave tet’-a-bromo-quinone and amor¬ 
phous insoluble ( , IJ.Br.p.. (Bern dikt, A. 199, 
181).—3. Bromine-water forms (' ll Br,OBr (?) 
[118which forms yelln.s jfiab-s, iusi.l. water, 
ether, and alcohol; it ex! o-ii: the following re¬ 
actions: (a) At J 2 <» - it splits up into Br and tho 
compound C,Jf.,BrO,. (6) Aniline, forms tri- 
hromo-phenol and 1 r bromo-aniline, (c) Phenol 
forms tri-bromo-pie *'ol. (d) It is also reduced 
to tri-bromo-phenol by boiling alcohol or by Sn 
♦and ilCl (Beiiedikt, B. 12, 1005; M. 1, 3G0; 
Werner, Bl. [21 *13, 373). 

Ethyl ether C„II13r 3 .OBt. [69’]; prisms 
(Purgotti, G. 16, 526). “ 

Propionyl derivative CJT ,O..G li H..Br f 
[G5°] (Guaresehi a. Daccomo, B. 18, 1174). 

Benzoyl derivative C„H 2 Br a OBz: [82’]; 
small colourless prisms; soluble in alcohol and 
ether, nearly insol. water (Daccomo, B. 18,1108). 




’ Tri-bromo-phenol 

• Ethyl ether CjBIBivOEt. [73°]. Prepared 
■from tri-bromo-di-azo-phenetol by boiling with 
water and extracting the product with other 
(Mohlau a. Oehinichen, J. pr. [2] 24, 484). 

Tetra-bromo-phenol C (l HBr 4 OJI [2:3:4:6:1], 
[120°]. From tri-bromo-phenol and Br at 180° 
(K.). Formed also by warming C„H 2 Br 3 OJ3r (v. 
sup.^ with cone. H a SO,. Needles (from alcohol); 
may be sublimed, Bromino converts it into 
C (i HBr 4 OBr [121°] which sopafytes from chloro¬ 
form in monoclinic crystals dnd is reduced by 
boiling alcohol or by Sn and IIC1 to tetra-bromo- 
phenol (JiAiedikt, M. 1, 301). 

Penta-bromqphenol C,Br s .OII. [225°]. Ob¬ 
tained by heating tri- «r tetra- bromo-phenol 
with excess of Br at 220 !J for some days (Korner, 

A. 137,210). Formed also by heating C (j llBr,OBr 
with cone. H..SO, (Penedikt, M. 1,300)? Adaman¬ 
tine needles (from CHg); may be sublimed. 
Cone. IINO., forms bromopicrin and tetra-bromo- 
quinone. PBr,, forms C„Br 0 (Gessner, B. 9,1505; 
ltuoll, B. 10,1231). 

Hexa-bromo-phcnol C, ; Br 5 OBr. [128°]. Pre¬ 
pared by heating tri-bromo-plienol with excess of 
bromine in sealed tubes at 220°. Yellow crystals 
of trimetric system (a:b:c = l: *82: *114). insol. 
cold alcohol, but decomposed by boiling into 
pentft-brorao-phenol. On heating with anilino 
it .yields penta-brorao-phenol and tri*bromo- 
aniline (Benedikt, M. 1, 303). 

TETRA-BROMO-p-DIPHENOL v . Tetka- 

lUlOMO-DI-OXY-niPJIENVL. 

TETRA-BROMO-PHENOL-PHTHALE*N v. 

Phenol-piithalkjn. 

BROMO-PHENOL o-SULPHONIC ACID 

C e H 3 Br(0H).S0 3 H. The K salt i 3 formed by 
adding Br (1 mol.) to an aqueous solution of 
potassium phenol o-sulphonate. The free acid 
is very deliquescent.—It A': pointed needles— 
BaA' r —CuA'o (Senhofer, A. 150," 114), 

Bromo phenol 77 -sulphonic aciA 
C a H a Br(011)(S0 3 H) [2:1:4]. Formed a|. in tho 
preceding case (S.), or by passing bromine- 
vapour into a cold cone, solution of phenol y- 
sulphonic acid (Lo Canu, C. li. 103,385). Deli¬ 
quescent needles (containing 2aq).—JvA'. 

Bromo-phenol sulphonic acid. 

Ethyl derivative C ( 1 H :< Br(OEt)(SO :i H). 
From potassium phenetol sulphonale and Br 
, fLippmann, J. 1870, 739). Deliquescent mass 
(containing 4aq).— I£A # . 

Bromo-phenol disulphonte acid * 9 
C 6 n.,Br(011)(80 :t Il)._. [2:1:4:0]. From an a<|ueous 
solution of potassium phenol disulphonic acid 
(1 mol.) by adding Br (1 mol.) (Armstrong, C.J. 
25, 805; Schmidt, B. Vl, 852). Crystalline; v. 
sol. alcohol, 111 . sol. ether. < Fe.Cl,; gives a red 
colour. UNO;, forms bromo-nitro-piionol sul- 
phonio acid, bromo di-nitro-plienol, and tri- 
nitro - phenol. — BaA" 2aq. — KoA". — PbA". — 
Ag,A". ' , 

Di-bromo-phenol o-sulphonic acid 
Ci.HjBr.^OHJlSO.JI) [2:4:1:11]. [120°]. Formed 
by bromimiting potassium phenol o-sulphonate 
or bromo-phenol o-sulphonic acid (Armstrong, 
C. J. 25, 867; Senhofer.A. 166, 110; Schmidt, 

B. 11, 856). Concentric needles; deliquescent. 
The aqueous solution is coloured violet by Fe.Cl, 
and is ppd. by Pb(OAc),.—UNO, forms "di- 
biomo-o-mtro-plienol[117 0 J. lia(C,H,Br 3 SO,) 2 .— 


BaC„HjBr,SO t . — OdO,H^Br s SO, »aq. — • 
KC,g,Br ! SO ( .-K,C,,H 2 Br 2 SO i .—PbO^^SO.. 

Di-bromo-phenol ^-aulphonic acid 

C,,H 2 Br 2 (0H)(S0 3 H) [2:6:1:4]. Prom potassium 
phenol p-sulphonate (1 mol.) and Br (2 mols.) 
(Henhofer, A. 156, 103; Armstrong a. Brown, 

C. J. 25, 857); or by passing bromine-vapour 
into an aqueous solution of phenol p-sulphonic 
acid (Lo Canu, C. It. 103, 385). Formed also by 
diazo- reaction from di-bromo-sulphanilic acid 
(Schmitt, A. 120, 161). Bectangulur scales 
(containing aq). The solution is coloured violet 
by Fe.Cl,, but is not ppd. by Ph(OAe).,.—. 
KC # n 3 Br 2 SO, aq. - K,C t II a Br„SO; 2aq. - 
Ba(C„H,Br.,SO < )„2aq.—BaC,.lf,Br..SO, 4Sq. 
BKOMO-PHENOXY-ACETIC ACID v. Bromo- 
■phenyl derivative of Glycoi.lk: aciu. 

BROMO - PHENOXY - PROPIONIC ACID -j. 
Brumo-phenyl derivative of Lactic acid. 


o-BROMO-DIPHENYL C„II„Br i.e. 
C,n,.C„U,Br[l:2]. (298“). Formed by decom¬ 
posing o-diazo-diphenylperbromide with alcohol 
(Schultz, Schmidt, a. Stmsser, A. 207,353). Oil, 
amellingof oranges; oxidised by CrO, to o-brorno- 
benzoic acid. ' 


p-Bromo-diphenyl C,H,.C„II,Br [1:4]. [89°] 
(310° i. V.). Formed by adding Br to a solution 
of diphenyl in CS 2 . Laminin; v. sol. hot alcohol 
and HOAc, v. e. sol. ether. Smells like oranges. 
Chromic acid oxidises it toyi-bromo-benzoic acid 
(Schultz, A. 174, 207). 

2 >p-Di-bromo-diphenyl [4:1] C.lLBr.C lI.Br 
[1:4]. [164°] (G.; F.); (162“] (C. a. T\). (c. 358“). 
Formed by heating diphenyl dissolved in CS., 
with bromine at 100“ (Fittig, A. 132, 204; 
Curnelley a. Thomson, G. J. 17, 588). Also from 
benzidino by tjie diazo-reaction (Griess, Pr. 13, 
383). Prisms and octaliedrn (G. a. T.); v. el. 
sol. hot alcohol, slightly volatile with steam. 
Smells like oranges. Oxidised by CrO, to 
p-bromo-bcnzoic acid. 

Tri - bromo - diphenyl [4:1] C s H,Br.C,H a Br. r 
Formed by tlic action of bromine on a mixture 
of diphenyl and p-tolyl-benzeno (Carneliey a. 
Thomson, C. J. 47, 587). Colourless silky 
needles, si. sol. alcohol, not volatile with steam. 
CrO, in HOAc gives p-hromo-benzoic acid. 

DI-BROMO-DI-PHENYL-ACETAMIDINE 
C M II,,Br 2 N 2 i.e. CH, l .C(NILCJl,lSr):NC„H 1 Br. 
From p-bromo-aniline, HOAc, and PCI, (Uenn- 
stedt, II. 13, 233).—BTIC1.- B'..II 2 PtCl .. 

o-BROMO-PHENYt-ACETXC ACID C„II BrO- 
i.e. [2:1] C„H,Br.CI! 2 C0 2 H. [104“]. From phe- 
nyl-acetic acid, bromino and HgO. Separated 
from the p-compound by its more soluble barium 
salt (Bedson, C. J. 37,115). Flat needles (from 
water). Monoclinic tablets (from glacial acetic 
acid).—a:b:c<* 1:'657:1*767; a 99“ 44'. KMnO, 
oxidises it to o-bromo-benzoio acid.—CaA',.— 
A' r A'. 

Nitrile C fl H,Br.CH 2 .Cft. Oil (Jackson a. 
White, Am. 2, 31(f). 

m^Bromo-phenyl-acetio acid 
t 3;l] C„H,Br.CH 2 .C0 2 H. [97°] (J. a. W.); [100°] 
(G.). F'rom (3, 4,1)- bromo-amido-phenyl-acetio 
acid by removing NH 2 (Gabriel, B. 15, 841). 

Nitrile C 0 H 4 Br.CH 2 .CN. Oil (Jackson a. 
White, P. Am. A. 16, 256). 

yi-Bromo-phenyl-acetic acid 
[4:1] C u H ) Br.CH 2 .C0 2 H. [116°]. Prepared by 
treating phenyl-acetic acid with bromine and 



BROMO-PHENTL-BEN'ZENE, AQfi* 


HgO IBedson, 0. J. 87, 94).—-Long flat needles; 
may oe sublimed. Oxidation gives jp-bromo- 
benzoio acid. 

Salts.—AgA'.-NH 4 A'. - BaA' a . - CaA' 2> — 
OuA' a . 

Nitrile C fl H 4 Br.CH 2 . CN. [47°]. Prepared 
by boiling£>-bromo-bonzyl bromide with alcoholio 
KCN (Loring Jackson a. Lowery, B. 10, 1210; 
Am. 3, 248). 

a-Bromo-phenyl-acetic acid C u TI 6 .CHBr.CO,II. 
[84°]. From mandolio acid and cone. IIBrAq at 
130° (Glaser a. Radziszcwski, Z. 18(58, 142). 
Formed also by brominating phenyl-acetic acid 
at 150° (Iiadziszewski, B . 2, 208). Monoclinio 
crystal^ (from CS 2 ). Reduced by sodium- 
amalgain to phenyl-acetic acid. Boiling NaOHAq 
gives mandelio acid C f JI.,.CH(OTI).COJI. 
Alcoholic ICOn gives C (J H 1 .CIT( 6 .Et).COdX. The 
ethyl ether is converted by alcoholic ICCy into 
C0 2 Et.CIIPh.CHPh.CO.,Et, and by Na into 
C0 2 E t. CPh:CPh .CO..E t. 

Nitrile C lj H,.CIlJlr.CN. Is the chief pro¬ 
duct of the action of bromine on benzyl cyanide 
at 120°. Sol. alcohol and cth«r. On heating to 
170° or with alcoholic KCN it gives di-cyano- 
stilbene. With an excess of KCN di-cyano-di- 
benzyl is also formed. On boiling with alcoholic 
KOHit gives stilbeno-di-carboxylic acid (Reimcr, 

B. 14, 1797). 

Hydrobromide of the Nitrile 
CaHi.CHBr.C-BnNIT. Phenyl-broi no-acc litnido- 
bromide. Formed together with the nitrilo by 
tho action of bromine on benzyl cyanide at 1 . 20 '; 
the yield being 15 p.c. Colourless crystals. 
Bitter taste. Its vapour attack ; ti.e eyes. V. si. 
sol. all solvents, most easily in boiling acetic 
acid. Decomposed by wat -r and alcohol.— 
HCl at 150° converts it into a ># mio-phenyl- 
acetic acid (?) and Nit,. Dilute IICl at 150 5 
converts it into NIT.,, mandelio acid 
(C 0 II 5 .CH(OII).CO.,H), and IIBr (iieimer , B. 14, 
1797). 

a-Bromo-di-phenyl-acetic acid 
(C K H A ) a CBr.CO.JI. From diphenyl-acetic acid 
and Br at 150’. Converted by boiling water 
into bcnzilic acid Cl?h 2 (0H).C0 2 H (Symons a. 
Zincko ,A. 171, 131). 

Di-bromo-phenyl-acotic acid 
CJI 3 Br 2 .CH.,.CO,U. [115°]. Formed by action 
of sunlight on mixture of o- andjp- bromo-phcnyl- 
acetic acids and Br. Purified by conversion into 
the methyl ethor, distillation and saponification 
(Bcdson, C. J. 37, 90). White needles.—AgA\ 

BROMO-PHENYL-ACRYLIC ACID v. Bi ifJfilO- 
cinnamio aoid and Bbomo-atbopic ACID. < 

DI - BEOMO - DI - PHENYL - ALLOPHANIC 
ACID 0, i.e. 

C, H,Br.NH.CO.N(C,,H ) Br).CO. i H. 

Ethyl ether. [163°]. The compound which 
is formed from yi-bromophonyWicyanate by long 
boiling with alcohol improbably this ether. Fine 
white noodles. Sol. alcohol yuf ether. By 
continued action of alcohol it is converted into 
yi-bromo-pkenyl-carbamio ethor (Dcnnstedtf li. 
13, 229). 

p-BEOMO-PHENYL-AMIDO-ACETIC ACID 

CH„(NH.C a H,Br).C0 2 H. Iiromo-phenyl-glyco- 
coll. [98°]. Colourless crystals. V. o. sol. al- 
oohol, ethor and hot water. Forms a light- 
green copper salt. Preparod by the action of 
ohloro-acetio acid on p-ohloroaniline. 

Vol. I. 


Ethyl ether A'Et: [96°]; white needier; 

Insol. water, sol. alcohol aid ether. <r 

p-Bromoanilide * J 

OH 2 (NH.O a H,Br).CONH(C s H 4 Br): [155°-460°Jf 
white mioroscopio crystals. Sublimes at about 
145°. Si. sol. hot water, v. sol. alcohol and 
ether (Dennstedt, B. 13, 230). 

Bi-bromo-di-phenyl-amido-acetio aoid. 
Nitrile O 0 H ? Br.,NH.CHTh.ON. [92°]. From 
di-phonyl-amido-acctic acid and Br (Tiomann a. 
Pielfst, II. 15, 2032' Yellow rhombohedra (from 
alcohol). 

Tri-bromo-phuuyl-amido-acetio acid 
C a II 2 Br,.NII.CH„.C0 2 H. Formed by adding bro¬ 
mine-water to an aqueous solution of phenyl- 
ainido-acetic acid. Minute needle., (from IlOAo). 
insol. water, acids and alkalis (Schwobcl, JJ. 11, 
1131). 

BEOMO-PHENYL-AMIDO - CHLOEO - NAPH- 
THOftUI NONE v . Oimoao - naphthoquinone - 
bhomanilioi:. 

a- BEOMO - PHENYL - 8 - AMIBO - CE0T0NI0 
ACID CII.,.C(NHPh):CBr.C0 2 H. Anil-bmno- 
acctn-aceticacid. [138°]. Formed by bromination 
of phenyl-d-amido-crotonic acid (anilacetacetio 
acid) dissolved in chloroform. Pearly plates, 
v. sol. hot alcohol, si. sol. water, chloroform 
and ether. By cold H z SO, it is condensed to 
(l J y. 2:l:3)-biomo-oxy-methyl-quinolino (Knorr, 
B. 17, 2874). 

BEOMO - PHENYL - AMID0-(a)-NAPHTH0. 

QUINONE V. (a)-NAPHTHOQUINONE-RHOMANILIDE. 

TRI - BROMO - PHENYL -AMIDO-PROPIONI- 
TR1LE C a HJIr ; ,NH.CIIMo.CN. [130°J. From 
phrmyl-a-amido-propionilrilG and Br. Needles 
(Stephan, C. C. 470). 

i j-ER0M0-PHENYL-(Py.3)-AMID0-QUIN0L. 

>C11:CH 

INE C.H,/ I [146°]. Sil- 

\ N:C(NII.C lj H l .NO ;! ) 

very scales. For ned by heating (Py.3)-chloro- 
quinoline with 2 >bromanilino (Friedliinder a. 
Weinberg, B. 1 , 1533). 

DI-B1 JMO-DI PHENYL-AMINE 
IlN(C, i H 4 Br). ii . [107°]. Prisms. Sol. alcohol and 
acetic acid. The benzoyl derivative is formed 
by bromination of bcnzoyl-di-phenyl-arnino. 

Benzoyl derivative BzN(C 0 H 4 Br) 2 . 
[142Colourless plates. Solublo in aloohol 
and acetic acid (Lellmann. B. 1.5,830). 

Tetra-bromo-di-phenyl-amine NIJ(C„H 1 Br 2 ) 2 , 
[182°]. Formed by treating an alcoholio solu- * 
tion of di-phenyl - amino with Br. Needles 
(Hofmann, A. 132, LOO ; Gnehm, B. 8 , 925). 

Acetyl derivative NAe(C tt H ( Br.,)... [158°]. 

Hoxa-bromo-di-phenyl am * ue NH(C U 11 
[218°]. Formed, together with tho precoding, 
by adding Br to a solution of di-phenyl-amine 
in HO Ac (G.). Reduced by sodium-amalgam to 
di-phonyl-amine. 

Octo-bromo-di-pii 6 nyl-amine NH(G„HBr 4 ) 2 . 

[c. 304°]. From di-plienyl-auiino, Br, and I at 
*J00°. Prisms (from CHCl 3 f(Gessner, B. 9,1511). 

Deca-bromo-di-phenyl-amine NH^BrJj, 
From di-phenyl-amino, Br, and I at 350°. 
Needles (from CIIC1 3 ). Not melted at 310°. 

BROMO-PHENYL-BENZENE v . Bromo-di- 
PHENYL. 

Bromo-tri-phenyl-benzene C 24 H 17 Br. [104°J. 
From Br and tri-phenyl-benzene in CS 2 . Needles 
(from alcohol) (Berthold a. Engler, B. 7, 1123), 

BR 



«uu BROMO-PHENYL-BENZOIC AOID. 


BROMO - PHENYL - BENZOIC AGIO «. 

BaOMO-DrPHENTMAHtOXTUa iOU>. 

BBOMO-FHENYL BENZYL OXIDE 


0,H,Br.O.CH ! .0,H s . [69°]. From phenyl 

benzyl oxide. Br, and HgO. Needles (Sintenis,' 
A. 161, 335). 

DI-p-BROMO-DI-PHENYL-BIURET 

OuHnOjBrjN, i.e. (C a H,BrNH.CO) 2 NH. Pre¬ 
pared by the action of alcoholic NH, on p- 
bromo-phenyl-dicyanato (Dennstedt, B. is, 2,30). 
SI. Bol. alcohol and other, in-el. water. Bogina 
to sublime at about 240°. , 


y-BROMO-y-PHENYL-BBTYRIC ACID 

Ph.CHB-.CHj.CH-.COjH. [69°]. From y- 
phenyl-iso-crotonic acid and cono. HBr at 0'. 
Crystals (from CS 2 ) (Jayne, A. 21 fi, 102). By 
boiling with water or treatment with aeneous 
Na. 2 C0 2 it is converted into the lactono of y-oxy- 
y-phonyl-butyrio acid (q. v.). 

^y-Di-bromo-y.phenyl-butyric acid 
Ph.CHBr.CHBr.CH,.CO„H. [138°]. From phenyl- 
iso-crotonio acid in CS 2 by Br at 0° (Jayne, A. 
216,107). Crusts of small white crystals. So¬ 
dium amalgam converts it into sodium y-oxy-y- 
phenyl-butyrale. 

rao-Di-bromo-B-phonyl-isobutyrio acid 
C s H 5 .CHBr.CBrWo.C0 2 H(?) [135°]. From phenyl- 
metiiacrylio acid and Br (Conrad a. Hodgkinsun, 
A. 193, 312). 

p-BROMO-PHENYL-CARBAMIC ACID 

Methyl ether CJI.Br.NII.CO.Mc. [124°]. 
From p-bromo-plionyl cyaimte and MeOH. 
Needles (Dennstedt, B. 13, 229). 

Ethyl ether C„H l Br.NH.C0. 1 Et. Bromo- 
carbanitic ether. [81°](B.); [85 J (D.). From 
PhNH.C0 2 F,t and bremine-wator (Behrcnd, A. 
233, 7) or from p-brorno-aniline and ClCO-Ut. 
Needles (from benzoline). Boiling alcoholic 
KOH gives K 2 C0, andp-broino-aniline. 

Di-bromo-phenyl-carbamic acid. Methyl 
ether [4:2:1] 0,H.,Br,.NH.Cb 2 Mo. [07°]. 
Formed by brominating metbvl phenyl-carb¬ 
amate (Hcntschel, J. pr. [2] 34, 423)., Needles 
(from alcohol). Warm 11,80, givos (JO- and 
di-bromo-aniline. 


Hexa-bi omo-di-phenyl-carbamio ether 
(CjHjBrjJjN.CO.jEt. Ilexa-bromo-di-phcnyl- 
amine urethane. [184°]. F’ormed by bromiuation 
of di-phonyl-carbamic ether dissolved in acetic 
acid (Hager, B. 18,25J7). Long greenish-brown 
• needles. Sol. acetic acid, nearly insol. alcohol. 

p-BROMO . PHENYL - C ARB AMINE DI- 
CHLORIDE C„H,Br.NCl:CCl. (!56 ). From 
p-bromo-phenyi oarbimido and Cl. Yellowish 
liquid (Dennstedt, B. 13, 232). 

DI-BROMO-DI-PHENYL-CARBINOL 
C ls H„Br. 2 0. [163°]. Di - bromo - bcnzhydrol. 
From di-phenyl-carbinol andBr. Minute needles 
(from alcohol). Reduced by sodium-amalgam 
to di-phenyl-oorbinol (Linnemann, A. 133, 6 ). 

DI-BROMO-PHENYL CARBONATE 
(C 0 H,Br 2 ) 2 C(),, [166']. Silky needles; forme ; 1 
by brominating phenyl oarbonate (Lowonberg, 
C. C. 1886, 390). 

BROMO-DIPHENYL CARBOXYLIC ACID. 
[4:1] 0,H,Br.C,H,.C0-H [1:4]. [194°]. From 

p-bromo - phenyl - toluene [30°] and CrO :l in 
HOAo (Carnelley a. Thomson, C. J. 61, 88 ). 
Y. sol. ether, si. sol. alcohol. 

Di-bromo-diphenyl carboxylic acid 
CiaH,Br l .C0 1 H [4': 1 ': 1 : 2or3: 4J. Di-bromo- 


phewyl-btntoia acid. [904 s ]. From di-bwmo- 
p-tolyhbenzene [115°] by oxidising with OrO, 
in HOAo. Needle-shaped prisms (from alcohol), 
si. sol. alcohol (Carnelley a. Thomson, 0. J. 47, 

589). 

Di-bromo-diphenyl p-oarboxylie acid 
C, i H,Br.C„H J Br.CO..H [4': 1': 1: 2or3:4]. [282°]. 
Formed by oxidising di-bromo -tolyl-benzene 
[150°] (C. a. T„ C. J. 51, 90). 

Di-bromo-diphenyl carboxylic acid [212°J 
has been obtained from (/3)-di-bromo-fluorene- 
ketono [197°] by potash-fusion (Holm, B. 16, 
1081).—BaA'j. 

p-BROMO-PHENYL CYANATE 

OC:N.C s II,Br[l:4]. [39°]. (226°). V. solpethor. 
Prepared by distilling bror.io-phonyl-onrbamio 
etlicr will. P.,0, (Dennstedt, B. 13, 228). 

p-BROMO-PHENYL DI-CYANATE 
C n 14 B N,OJJr r [199°]. Small plates. SI. sol. 
etlicr. Prepared by the action of a small quan¬ 
tity of tri-elhyl-phosphinc on bromo-phenyl- 
cyanatc heated to 100°. By long boiling with 
absolute alcohol it gives an acid of melting- 
point [153°] and formula C ll( il, ,0,8,11 r, which 
is probably ethyl dib.omo-phcnyl-allophanate 
(Dennstedt, B. 13, 229). 

BHOMO-PHENYL-CYSTEINE C„H, 0 BrNSO a 
i.e. C 6 H,Br.S.CMe(NH 2 ).CO,H. p-Bromo-a- 
am'ulo-thio-lactic acid. [181°]. Formed by 
boiling broino-phonyl-mereapturic acid with 
cone. 1IC1. Needles (from dilute alcohol); v. si. 
sol. water, v. si. sol. alcohol, v. sol. dilute HCI. 
Boiling alkalis slowly separate p-hromo-phcnyl 
mercaptan and form pyruvic acid. Sodium- 
amalgam forms Nil,, lactio acid, and C a II 4 Br.SH. 
Acetic anhydride on warming gives 

an anhydv.-le C u H,Br.S.CMc<^> [153°] 

i bromo-phenyl-cystoin,’ but in presence of 
benzene it forms bromo-phenyl-mcrcapturic acid 
C a ll l Br.S.CMc(NHAc).C0 2 Jl. Potassium oyan- 
ate.forms C„lI,Br.S.CMe(-\TI.CO.NH.,)CO z H. 

Salts. — CuA'„. — IIA'tiCl (Baumann a. 
Proussc, Jt. 5, 315 {B. 18, 258). 

BROMO o-PHENYLENE DIAMINE 
C B H.,l!r(NH.J 2 [4:1:2], [63°J. From (1,3,4)- or 
(0,3,4)-broino-nilro-anilino, tin, arid HCI (Hiib- 
ner,A.210,359; Wurster,B.6,1544; Remmers, 
1). ", 347). Needles; v. sol. water. Sodium- 
amalgam reduces it to o-phenyleno diamine. 
Salts.—B"11CI.-B''H 2 S0,. 
Di-bromo-wi-phenylene-diamine 
C„II 2 Br,(NH 2 ) 2 . Dark brown pp. formed by 
.adding bromine-water to an aqueous solution of 
p-phcnyleno - diamine hydrochloride; may be 
crystallised from alcohol (Hollcmp.nn, Z, 1866, 
555). 

BROMO-DIPHENYLENE KETONE 
C H 

C.JI.BrO i.e. | “ ‘ \(30. [104°]. From 

*■ C a H,Br 

bromo - fluorend and CrO, (Hodgkinson a. 
Matthews, C. J. 43, 165). Dark yellow 
needles. 

Bromo - diphenylene ketone 0„H,BrO. 
[122° uneor.]. Formed by distilling bromo-di- 
phonic acid with lime. Yellow plates. V. sol. 
benzene, ether, and hot alcohol, nearly insol. 
water. Sublimes readily in felted needles. By 
distillation with zinc-dust it gives finoreM 
(Claus a. Brier, B. 19, 3155). 




BROMO-PHENYL-MEROAPTAIT. Oil 


It) -Dl-broao-diplienylene.ketone 
OjtH f Br 3 CO. [148°]. Formed by oxidation of 
di'brorao-fluorene [166°] with OrO, dissolved in 
aoetio aoid (Holm, 3. 16, 1081). Long yellow 
needles. V. sol. ether and benzone. 

(j8)-Di-bromo-diphenyIene ketone 
OuH«Br a CO. [198°]. From (a) . di • bromo- 
fluorene [165°] by CrO, in slight excess and 
HOAo (Hodgkinson a. Matthews, C. J. 48,105 j 
Holm). Yellow needles, sol. alcohol, ether, and 
benzene. Potash-fusion gives rise to di-bromo- 
diphenyl-carboxylie acid. 

Di-bromo-diphcnylene-ketone C 12 H„Br 2 CO. 
[138° unoor.]. Formed by distilling di-bromo- 
di-phdfuo acid with lime. Thin yellow plates 
or long thin noodles. Keadily sublimable (Claus 
a. Frier, B. 19, 3156). 

DI - BBOMO - DI - PHENYLENE KETONE 
OXIDE C K1 H,Br,O i [210°-213°]. From di- 
.phenylcno icotono oxide and broinino at 180° 

A. G. Perkin, G. J. 43, 193). Long needles 
from alcohol). Combines with bromine form¬ 
ing an unstable addition product. 

BBOMO - DIPHENYJ ENE - METHANE ». 
BitoMO-ynuoitENE. 

DI -BBOMO - PHENYLENE-(a)-NAPHTHYL- 
ENE-OXIDE C, s II s Br 2 0. [284°]. Yellowish white 
needles. Si. sol. benzene. Prepared by bromi- 
nation of phenylcae-(a)-naphthyione-oxido (Arx, 

B. 13,1727). 

BEOMO-PHENYLENE OXIDE C„H.,]SrO. 
[196°]. From phonylcno oxide and Br at 100'. 
Needles (from alcohol) (Marker, A. 121, 250). 

Di-bromo-diphcnylono oxide C, 2 U„Br 2 0. 
[186°]. From Br and diphcnylcne oxide in CS„. 
Lamina (from alcohol) (Iloilmeiste,;, A. 159,211). 

DI - BBOMO - DIPHENYLENL - PHENYL - 
METHANE C„II 12 Br 2 . [182 ’]. From Br and the 
hydrocarbon in HOAo (Bohr, B. 6, 971). 

Tri-bromo-diphenylone-phonyl-methane 
0| 8 H M Br, [167°-171°] (B.). 

BBOMO-PHENYL-ETHANE v. Bhomo-etiixl- 

BKNZENE. 

p-Bromo-di-phenyl-ethane CnII n Br i.c. 
0„H v CH 2 .CH.,.C„II ) Br [1:4]. Bromo - dibenajl. 
S.G. 21'40. From s-di-phenyl-ethane, Br, and 
water (Fittig a. Sidling, A. 137, 266). Oil; 
boils ahovo 320°. 

pp-Di-bromo-di-phenyl-ethane C„H 12 l!r, i.c. 
[4:1] C, 1 H ( Br.CIl,.CfT.,.CJl ) llr [1:4]. [115°J. 

From s-di-phenyl-ethane, water, ami Br (F. a. S.). 
Needles (from alcohol). CrO s gives p-bromo- 
benzoic acid. • 

Exo-di-bromo-s-di-phenyl-ethane 
C 8 HjOHBr.CHBr.O B H s . [237°] (Z.); [235°] (K.). 
Btilbene dibromulc. Di-bromo-dibm::yl. 

Formation. —1. From stilbene und Br (Lim- 
richt a. Schwanert, A. 145, 330).—2. From di- 
enzyl and dry Br (Marquardt, A. 151, (Hit).— 
8 . From hydrobenzoin and PBr, (2iucke, A. 198, 
127). * 

Properties.— Silky needles. Decompose* at 
286° (Kado, J. pr. 127, 405). V. si. sol. boiling 
alcohol, m. sol. boiling xylene. Alcoholio KOH 
givesC,H 1 .CH:CBr.C, 1 H.,andC„H s .C:C.C s H i . Con¬ 
verted by benzene and A1 2 C1„ into s-tetra-phenyl- 
ethane some tri-phenyl-methano being also 
formed (Anschutz, A. 235, 207). 

, Tri - bromo - s - di - phenyl ■ ethane 0 M H,|Br,. 
From »-di-phenyl-ethane, water, and Br (F. a. S.). 


Naoreons Iaminas, t. si. sol. aloohol j decom¬ 
poses at 170°. * 

Tri - bromo - s - di - ph.onyl. ethana C„H„Br r 
[207°-211°]. From s-di-phenyl-ethane ana dry 
Br (H.). 

Tri-bromo-s-di-phenyl-ethane 

C,U,.ClSr..CIII>r.C li U,. Bromo-stilbene dibro • 
mule. [100°]. From bromo-s-diphonyl-ethylone 
and Br (L. a. S.). Needles (from alcohol). *L)o- 
confposed by distill-, lion intoll lir, PliCBiiCBr.Ph, 
ami PhC.;CPh. Alcoholic KOH gives l’hClCPh. 

Tri-bfomo-M-dj-plieuyl-ethano 
(CHJXIU.Clir,. [8'j 'J. From bromal (1 mol.), 
benzene (2 mols.) and colic. 1LSO, (Goblsclmiiedt, 
B. 0,985). Monoclinic prisms (fro nether). Alco¬ 
holic KOH gives UBr and di-bromo di-phonyl- 
ethylcne. 

Hoxa -bromo-s-di - phenyl-ethylene C, JIjBr,. 
From s-diqihoiiyl-elhano and excess of Br. 
Hard prisms (from benzene) (F. a. S.). 

BKOMO-PHENYL-ETHYL-AMINE v. Bnoaio- 

AMIOO-PnENVL-ETIfANE. 

BHOMO-m-DI-PHENYL-ETHYLENE c,.n,,Br 
i.e. (0,.lI s ) 2 C:CIIUr. [50“](H.) ; [40 J (A.).(o. 170°) 
at 11 mm. (A.) j (above 300 ’) (I I.). Formed by 
wanning the di-bromide of M-di-phenyl etliylono 
(Hcpp, B. 7, 1410; Anschiitz, A. 235, 160). 
Prisms; si. sol. cold alcohol. 

Bromo-s-di-phenyl-ethyleno 
C„H,.CBr:CII.C„H s . Bromo ■ stilbene. [25°). 
From stilbeno di-bromide by distillation or treat¬ 
ment with alcoholic KOH. Prisms. AgOAo 
gives l’hC(OAc):CHl’h (Limpricht a. Schwanert, 
A. 115, 310; 155, 72). 

Di-bromo M-di-phenyl-ethylcnc(C a H,) 2 C:CBr 2 . 
[83“j. (above 300’). From Cl’li-Ti.Clir., and alco¬ 
holic KOH (Goldsclimiedt, B. b, 985). Noodles 
(from alcohol-ctlier). 

Di-bromo-x-di-phenyl-ethylene 
C tt H.,.CBr:CBr.C,’l 5 . Tolane di-lmmide. [208’]. 
Leaflets. Prepared by the action of broinino on 
tolane. An is- .leridc [61 ] is also formed in 
small qu ntity (Limpricht a. Sclnvanort, A. 145, 
318 ; Liebermann a. llomeyer, B. 12,1971). Con¬ 
verted by benzene and ALCIj in presence of CS, 
into x-tctra-phcnyl-cthnno (Anschiitz, A. 235, 
209). 

BKOMO-PHENYL.GLYCOCOLL v. Biiomo- 
PIIENYL-AMIDO-ACEXIO ACID. 

DI-BEOMO DI-PHENYL-GNANIDINE 
C i: ,H n Br 2 N ; |. F’rom di-phenyl-guanidino hydro- " 
chloride, rjati r, and Br (Hofmann, A. 67, 148). 
Scales (from u.coliol).—B'HCI. -B'„U 2 PtCl B . 

Tri-bromo-tri-phonyl-guanidino 
C„H, ; ,N 2 Br a Cl i.c. (Cjr i "rNU) 2 C:N.C i H t Br. 
White amorphous powder. Prepared by tho 
action oi p-bromaniline on iso-cynn-yi bromo- 
phcuyl-chloride.—BJfCl: wliilo crystals, easily 
solublo in alcohol and ether.—(B'HCl).,PtCl,; 
light yellow plates yliennstodt, B. 13, 232). 

p-BBOMO-FHENYL-MEBCAPTAN 
S,Il,Br.SH. [75°j. (231*). From p-bromo- 
benzeno sulphocliloride, tin, and IEC1 (Iliibner 
a. Alsberg, A. 156,327). Formed also by boiling 
bromo-plienyi-cyeteine or bromo-phenyl-mer- 
capturic acid with NaOFIAq (Baumann a. 
l’rcusse, B. 12, 806; II. 6, 819). Laminie 
(from alcohol); volatile with steam; si. sol. 
hot water. Cone. Il 2 80 4 at 120“ forms a green 
solution, turning blue. Sodium-amalgam forms 
phenyl-mercaptan. Chloral forms a compound 
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pa 0 ]. HOI passed into a mixture of p-bromo- 
phenyl mercaptan ar#l benzoio aldehyde forms 
di-p-bromo - di - phenyl - di - thio - ben zaldehydate 
0 11 H y 0H(S.C,H,Br), [80=] (Baumann, 18,885). 
HC1 and acetone form di-bromo-di-thio-di- 
methyl ketate (CH 3 ) 2 C(S.O,H 4 Br) 2 [80°]. 

p-BROMO-FHENYL-MERCAPTURIC ACID 
C„II|«BrNSO, i.c. CJI,Hr8.CMc(NIIAc).C0 2 H. 
Accfojl-bromo -plienyl - amitlo - thio - lactic acid. 
[153"]. S. 1-4 at 100°. Occurs in the urino 
of animals which have talcdt bromo-benzene. 
Formed also by treating bromJ phcnyl-cysteino 
with benzene and Ac/) (Baumann a. I’rcussc, B. 
12, 806, 57. 5, 309; Baumann, B. 15, 1732; 
Jalte, B. 12,1092). Needles; insol. cold water, 
sol. hot water and akftliol. Liuvorotatory in 
alcoholic solution, dextrorotatory in alkaline solu¬ 
tion. Boiling aqueous NaOII gives p-bromo- 
phonyl mercaptan, Nil.,, IIOAc, aftd pyruvic 
acid. Boiling cone. TXC1 Ac; or dilute H._S(), gives 
acetio acid and bromo-phcnyl-cystcine. Cone. 
H a SO, gives a blue solution. 

Salts.—BaA' 2 2aq ; S. 2 at 15°.—MgA'.,9ai]. 
—NH,A': H. 3 at"l5’’. 


BROMO-DI-FHENYL-METHANE C,.,H„Br 
i.e. CIIPli.Br. M.i']. From di-phenyl-methane 
(1 mol.) and Br (1 mol.) at 150“ (Fricdel a. 
Balsohn, Bl. [2] 33, 339, 587). Crystals, v. e. 
sol. benzene. Water at 100“ forms di-plienyl- 
carbinol and its anhydride. Boiling alcohol 
lorms OHrhj.OBt. Cone. NII,Acj gives 
CIII'hj.NIIj. 

Di-bromo-di-phenyl-methane CPh.Br,. From 
di-phcnyl-methane (1 mol.) and Br (2 mols.) at 
150°. Liquid. Water at 1A0 = converts it into 
benzopheuone. Decomposed on distillation 
giving tetra-pUonyl-ctiiyleuc. Sodium and water 
form tctra-plionyl-cthane. 

Bromo-tri-phenyl-methane C.JIiBr i.c. 
PlijCBr. [152 u ]. Obtained by ^rominaling Iri- 
phenyl-methanc in sunlight or,.at 150° (Allen a. 
Kollickor, A. 227,107 ; ilendcrso* G. J. 51,224; 
Schwarz, B. 14,1520). Yellow hexagon(4 rhom- 
bohedra (from (5J n:c = l:*781 (llintze, K. 
9, 636). Decomposed above 200° into Illlr and 
phenylene. - di - phenyl - methane. Successive 
treatment with boiling IIOAc and water forms 
tri-phenyl-carbinol. Nil,, lorms Ph 3 CN If.. 
KCy gives rh 3 C.Cy. Potassium sulphooyanidc 
gives PhjC.SCN. 
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P. TBI-BltoMn-Mi..TilYr,-]>r-l > i]]-,',vi.-.\iy'.j.o 

BROMO - PHENYL - METHYL - 1URFURANE 
TETRA-BROMIDE C„H„Br,,0. (210=]. Bronzy 
plates. Formed b^ the action ol bromine on 
• HC-CII 

phenyl - methyl - lurfuranc i // \ 

PhC—O—CMe 

(Paal, B. 17, 2760). 

BR0M0-PHENYL. METHYL-PYRAZOLONE 

V. BltoaO-OXY-priKNVT,-HETHYI,-PYn*ZOL. , 

y-BROMO - 7 - PHENYL - DI - METHYL - SUC¬ 
CINIC ACID Ph.CHBr.CH(C0. i H).CHMe.C0 2 H. 
From the lactono of 7 -oxy- 7 -phenyl-di-inethyl- 
succinic acid (q. v.) and cone. HBr at 0° (Fittig 
a. Penfield, A. 210,123). Small crystals (from 
benzene). V. sol. alcohol or ether, m. sol. benz¬ 
ene. Warmed with water it gives off CO,, and 
forms plates of an acid which appears to bo 
Ph.CHiCII.CHMe.COjH. 


TETBA-BROMO-PHENYL - METHYL. THIO¬ 
PHENE 0„HJBr 4 S. [187°]. Formed by bromina- 
tion of phenyl-methyl-thiophene. Fine needles 
or plates. V. sol. benzene, ether, and petroleum- 
spirit, m. sol. alcohol and acetic acid (Paal a. 
Fiischel, B. 20, 2559). 

BROMO-PHENYL-METHYL-UHETHANE v. 

Methyl ether of Bbosio-piienyl-cahbamio acid. 
BR0M0-PHENYL MUSTARD OIL v . Bbomo- 

PIIENYL TIIIO-CABBIMITIE. 

DI - BROMO - PHENYL - (0) - NAPHTHYL . 
AMINE C, 0 ll, 0 Br s NH. [140°]. White noedles. 
Prepared by bromination of plienyl-(0)-naph- 
thyl-aminc (StreifI, B. 13, 1853; A. 209, 158). 

Totra-bromo-phenyl-( 0 )-naphthyl-aminT! 
C, s II H Br 4 NII. [198°]. SI. sol5 alcohol, ether and 
C„H„ m. sol. CSj and CHCI,. Prepared by fur¬ 
ther bromination of tho dibromo- derivative. 

Tri-bromo-phenyl-(a)-naphthyl-amine 
C|,II 9 Br,|NU. (137“]. Colourless prisms. Soluble 
in alcohol and benzene. Prepared by bromina¬ 
tion ofphonyl-(a)-nnphlliylainine (S-). 

Tetra-bromophenyl-(5)-naphthyl-amine 
C, B II B Br 4 NlI. [203“]. Formed by the action of 
bromine upon an acetic acid solution of bonzene- 
azo-phenyl-(B)-naphthyl-amine, or by bromina¬ 
tion of phenyl-(0)-naphtliyl-amine. Long white 
silky needles (Zineko a. Lawson, B. 20,1170). 
BROMO-PHENYL-OCTANE v. Buomo-OOIYL- 

BENZENE. 

p-BROMO-PHENYL-OXAMIC ACID 

C.H.Br.NH.CO.ClLH. [198°]. S. -191 at 25°. 
From di-bromo-di-phenyl-oxamidc and alcoholic 
KOH (Dyer a. Mixter, Am. 8 , 355). Crystalline 
fibres, sol. alcohol and ether. KOHAq liberates 
p-bromo-aniline. Salts. — KA': monoclinio 
scales.—CaA'a—AgA'.—BaA'. 2 . 

Ethyl ether EtA'. [1.50“]. From phcnyl- 
oxamic ether and Br (Klinger, A. 184, 263). 

DI-BR0M0-DI-PHENYL-0XAMIDE 
(CJI/Ilr.NIIJjC.Oj. [above 300 *]. From Br and 
di-pl'cnyl-oxamido in IIOAc (D. a. M.) 

DI-BROMO-DI PHENYL OXIDE (C,iI,ISr) 2 0. 
[58°]. (above 300“). From Br and di phenyl 
oxide in CS 2 . Long plates (from alcohol) (Mcrz 
a. Weith, B'. 14,191). 

TRI-BR0M0-TRI-PHENYL PHOSPHATE 
(C,H,BrO) 3 PO. From tri-phenyl phosphate and 
lSr at 180 '. Nacreous scales (Glutz, A. 143,193). 
p-BROMO-PHENYL-FHTHALIMIDE 
,C = 0 

C a II,< >0 [204°]. Fine flat 

V, = n.c„h 4 ci 

needles or scales. Sol. C B I1 S and acetic acid, 
less in ether. Prepared by beating p-biom- 
aniline with phtlialic anhydride (Gabriel, B. 11, 
2201 ). 

BROMO-PHENYL-PROPANE v. Bbomo- 

PBOPYI,-BENZENE. 

O-BR0M0-/3-PHENYLJPR0PI0NIC ACID 

[2:1] C 6 11 1 Ui'.C 2 rI,.C0 2 H. o-Bromo-hydrocinnamic 
acid. [99“], ScUes. Formed by rodnotion of 
o-bwno-einnamic acid with HI and P (Gabriel, 
B. 15, 2295). 

m-Bromo-0-phenyl-propionio acid 
[3:1] C u II 4 Br.C 2 H 4 .C0. 4 H. m-Bromo-hydrocinna- 
mic acid. [75°]. Formed by reduction ol m- 
bromo-cinnamio aoid with P and HI. Also by 
eliminating the NHj group from (3;4:l)-bromo- 
amido-phenyl-propionio aoid by diazotising and 
treatment with alcohol (Gabriel, B. 15, 2294). 
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Short thick priams. V. sol. alcohol, ether, 
benzene, chloroform, and GS a . 

p-Bromo-0-phenyl-propionic aoid 
[4:1] O e H 4 Br.OH a .OH 2 .C0 2 H. [135°]. From /3- 
phenyl-propionic acid and Br in the cold (Goring, 
C. C. 1877, 793, 808 ; Gabriel a. Zimmermann, 
B. 13, 1683). Flat needles (from CS 2 ). Oxida¬ 
tion gives p-bromo-benzoic acid. 

/3-Bromo-0-phenyl-propioiric acid 
C tt H s .CIiBr.CH._,.CO.JI. [137°]. From cinnamic 
acid and HBr (Fittig a. Binder, B. 10, 618 ; A. 
195,132; Anschutz a. Kinnicutt, B. 11, 1221). 
Also from /J-broino-0-oxy-phenyl propionic acid 
and JIBr (Glaser, A. 347, 96). Laminae. De¬ 
composed by heat into HBr and cinnamic acid. 
Boiling water forms j8-oxy-/3-phenyl-propionic 
acid. Cold NaOHAq gives styrene and C0 2 . 

a-Bromo-a-phenyl-propionic acid 
CH v CPhBr.C0 2 H. Bronio-hydratropic acid. 
[94°]. From atropio or atrolactic acids and cold 
cone. HBrAq (Fittig a. Wurstcr, A. 195, 145; 
Merling, A. 209, 13). Tables, insol. water, sol. 
ordinary solvents. Boiling Na.-CO^Aq produces 
atroluctic acid. 

/8-Bromo-a-phenyl-propionic acid 
CH 2 Br.CHPh.C0 2 II. [94°]. Formed by heating 
atropio acid with cone. HBrAq at 100°. Prisms, ; 
insol. water. Boiling Na 2 CO.,Aq produces tropic 
acid, styrene, and a very little atropio acid. 
Ammonia forms amido- a - phenyl - propionic 

acid [169°] (M.). 

afl-Di-bromo-fl-phenyl-propionic acid 
C u H 5 .CHBr.CllBr.CO,H. [195°] (G.); [201°] (S.). 
From cinnamic acid and bromino-vapour j 
(Schmidt, A. 127, 320; Fittig a. Binder, A. 195, 
140). Also from a-bromo-0-oxy-phenyl-propionic 
acid and HBr (Glaser, A. 147, «*•'). Lamime 
(from alcohol); v. sol. ether and alcohol, v. si. sol. 
CS 2 . 

Reactions. — 1. Sodium amalgam forms 
phenyl-propionic acid.—2. Boiling water gives 
cinnamic acid, bromo-oxy-phenyl-propionic uoid, 
phenyl-acetic aldehydo and w-bromo-styrene. 
8. Alcoholic KOH gives a- and 0- bromo-cin- 
narnic acids. 

Salts.—NaA'.-BaA',. 

Methyl ether Me A'. [117°] (Anschiitz, 

B. 12, 588). 

Ethyl ether EtA' [C9°]. From cinnamio 
ether and bromine (Perkin, jun., C. J. 45, 172). 

n-Propyl ether PrA'. [23°]. 

aj3-Di-bromo-a-phenyl-propionic acid 
CH 2 Br.CPhBr.CO 2 H. [116% From Br and atro¬ 
pio acid in CS 2 (Fittig a. Wurster, A. 195, 115).* 
Needles (from CS 2 ). Decomposed by boiling 
water into C0 2 , IIBr, and acetophenone. Sodium- 
amalgam forms a-phenyl-propionic acid and 
oxy-phenyl-propionio acid. Excess of NaOII Aq 
gives atroglycerio acid C a H lu 0 4 (Fittig a. Kast, 
A. 206, 30). • 

Tri-bromo-phenyl-propionio acid 
C a H a .CHBr.CBr 2 .C0 2 H. [151°]f From bromo- 
cinnamio acid [120°] and Br (Glaser, A. #143, 
335; Stockmeier, Bn. 2, 872; Kinnicutt, Am. 
4, 25). Small flat monoclinio needles (from 
dilute alcohol). Boiling water gives COo, di- 
bromo-styrene, bromo-cinnamic acid, and di- 
bromo-oxy-phenyl-propionic acid. 

Tri-bromo-phenyl-propionio acid 

C, H v CBr ? .CHBr.C0 2 H. [148°]. Formed by the 
combination of the bromo-oinnamic acid [159°] 


with Br. Triclinic prisms. Sol. hot benzeno, 
v. e. sol. alcohol and ethef, si. sol. cold CS 2 . It 
decomposes at its melting-point evolving HBr. 
By standing for a short time with water it iB 
converted into a neutral oil; hot water decom¬ 
poses it at once (Michael a. Brown, B. 19,1380). 

Tri-bromo-a-phenyl-propionic acid 
C a H.Br a O., [150°]. From bromo-atropic ^cid 
and Br (F. a. W.). Needles /from .ligrmn). 

%3-DI-BR0M0. PHENYL-PROPIONIC ALDE- 
HYDE CJIyCHl'.’.CllBr.CIlO. Cinnamic alde¬ 
hyde dibroinido. [c. 100-*]. Small needles. 
Formed by the direct combination of cinnamic 
aldehyde and bromine. It readily splits oil HBr 
on heating, giving bromo-cimn.mio aldehydo 
(Zincko a. Hagen, B. 17, 1811). 

DI-BR0M0-/3-PHENYL-PR0PYL ALCOHOL 
C„H l0 Br 2 O f i.e. C li II i .CllBr.CHBr.CH 2 OH. 
Styccrin aibromhydrin. Sly rune dibromide. 
[74°]. From Br and einnamyl alcohol in CHC1, 
(Grimaux, Bl. [2J 20, 120). Tables or needles 
(from ether). Insol. water. Boiling water con¬ 
verts it into C, ; H & .CII(OIl).CII(OH).CH 2 OH. 

Acetyl derivative 
C„H s .CIIBr.CIIBr.Ci l.OAc: [86°]; prisms. 

DI - BROMO - PHENYL - PROPYLIDENE - 
ANILINE C (i H 5 .N:CII.CHBr.CIIBrPli. [175°J. 
From cinnamylcno-anilino and bromine (ScliilT, 
A. 239, 384). Needles (from alcohol). 

LI - BROMO - PHENYL - PYRAZOL DIHY - 
DRIDE C w II s Br 2 N 2 . [93°]. Di-bauno-phenyl - 
pyrazolinc. From phenyl-pyrazolino and Br in 
chloroform (Fischer a. Knoovenagol, A. 239, 
199). Plates (from alcohol); v. si. sol. water. 
I 11 dilute acid solution it gives a violet 
colour with K 2 Cr 2 0,. Alcoholic KOH forms 
G.,ti H Br(OBt)N 2 [06'J, which ciystallises from 
alcohol in palo yellow prisma. Boiling HOlAq 
gives oil KtOl and forms bromo-oxy-phenyl- 
pyrazol C 0 II 0 Br OII)N 2 [211°]; this has acid 
characters and . mus greenish-yellow crystals 
(from alcohol). 

DI E tOMO-(a)-PHENYL-PYRIDINE DI- 
CARBOXYLIC ACID C n H-Br..NO,. [205°]. 
From [2:1] C tf H 4 (COJI).C,lI 3 N(CO ,H) [3:2] and 
hromino (Skraup a. Cobcnzil, M. 4, 469). 
Granules, v. si. sol. water, in. sol. warm alcohol. 

DI-BROMO-DI-PHENYL SULPHIDE 
(C i; H 4 Br),S. [110°J. From di-phenyl sulphide 
and Br, or from (CJI/NJiAB by din zo-reaction. 
Nacreous 3amimo (Krafft, B. 7, 1165). 1 

Di-jj-bioino-di-pb myl disulphido (C ( JI,Br).,So. 
[91 U J. From^-bromo-phenyl mercaptan by atmo¬ 
spheric oxidation. Plates; not volatile with 
steam (Ilubner a. Alsberg, 1. 156, 328; Bau¬ 
mann a. Preusso, II. 5, 32‘Jp 

DI-p-BROMO-DI-PHENYL SULPHONE 
(C u H 4 Br) 2 S0 2 . [172 -'7. From p-lmmio-bonzene 
and CISO3H (Armstrong, C. J. 24, 173) or SO a 
(Nolting, B. 8,594). Also from bromo-benzene, 
benzene sulphoeliloridc, and Al 2 Gl a (Beckurts a. 
€tto, B. 11, 2065). Neemes, si. sol. hot alcohol. 

p - BROMO - PHENYL - THIO - CARBAMIC 
ETHER C u H, u BrNSO i.e. C,H 4 Br.NH.CS.OEt. 
Bromo-phcnyl-thio-urethanc. [105°]. From p- 
bromo-phenyl thio-carbimide and alcohol at 
120° (Dennstcdt, B. 13, 231). Slender needles. 

p-Bromo-phenyl-di-thio-carbamio ether 
C a H 4 Br.NH.CS.SEt. Bromo-di-tliio-carbanilia 
ether. [89°]. From p-bromo-phenyl-thio-carb* 
imide and mercaptan at 110° (D.). 
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jp-Bromo-pbenyl-thlo-oaftlmlde 
C,H,Br.N.CS. p-Bramo-phenyl mustard oil. 
[61°]. Prepared by heating p-bromo-aniline 
with 0S 2 in alooholio solution with a little 
aqueoUB KOH ; the resulting thio-urea being dia- 
tillod with P 2 0 s or heated with cone. HC1 at ICO 3 
(Dennstedt, IJ. 13,230; Weith and Landoit, B. 8, 
71G). 

DIp-BROMO-DI-PHENYL-DI-THIO-CINNA- 
MIC ALDEHYDATE C„H.,.CJI 2 .CH(3.C„H,lir).,. 
p-Bromo-plicnyl-mercaptal of cinnamic aldehyde. 
[107°]. Formed by passing li\l gas into a mix¬ 
ture of p-brotno-phcnyl mercaptan and cinna¬ 
mic aldehyde (Baumann, B. 18, 885). Long 
colourless needles. SI. sol. cold alcohol anil 
other. r <• 

BROMO-PHENYL-THIO-GLYCOLLIC ACID 
C B H,BrSO.. i.e. C„U l Br.S.CII...CO-H. [112']. 
Prom C„H,S.CH .CO .li and lir in C3l. (Claiisson, 
Bl. [2] 23, 411). 

DI - p - BROMO - DI - PHENYL - DI - THIO - DI- 
METHYL - XETATE (CIT.,)..:C:(SO„H 1 Br) s . 
p-Bromo-plicnyl-vten-aptol of acetone. [90 J J. 
Long transparent prisms. V. sol. hot alcohol, 
ether, and benzene. Formed by passing HC1 
gas into a mixture of p-brorno-plmnyl-mercaptan 
and acetone (Baumann, B. 18, 888). 

p-BROMO PHENYL-THIO-UREA 
NTL.CH.NirC 1 lI,Br. [183’]. From brorno- 
plienyl - thio - carbimido and alcoholic Nib, 
(Dennstedt, B. 13, 231). Needles. 

p-Bromo-di-phenyl-thio-urca 
NHl’li.C,S.NH.O„H,Br [108°J. From bromo- 
plicnyl-tliio-carbimide and aniline (D.). 

Di - r> - bromo - di - phenyl ,j thio - urea 
CS(NH.C„U 4 Br).,. [178°]. From p-bromo- 
nniline, CS 2 , and alcohol in presence of some 
KOHAq (I).; Otto, B. 2, 4011). Prisms. 

BROMO - PHENYL - THIO - URETHANE v. 

BBOMO-I'IIENYIi TIIIO-CATIBAMIC ETIlKlt. 

TETRA BROMO-PHENYL-JiOLUIDiNE 
C|.|lI„Br 4 N. [15(1°]. Formed ’v adding a solu¬ 
tion of Br in glacial IIOAc to an alcoholic so¬ 
lution of phenyl-p-tohmline (Buniia, A. 5.39, 58). 

Hepta-bromo-phenyl-p-toluidino C l3 H„Br,N. 
[185°]. From phcnyl-p-toluidinc nml Br at 280”. 

Endeca-bromo-phcnyl-p-roluitliuo 
C,jH ; Br,,N. [290]. Formed from phenyl p- 
toluidine and lir at 31ft 1 ’. 

BROMO - 2 > - PHENYL - TOLUENE C i3 H„Br. 
[127°-131°]. From p-phenyl-tulueno and Br. 
'.Small tables (from alcohol) (Carncllcy a. Thom¬ 
son, G. J. 47,5811). - . • 

DI-pBROMODI-PHENYL-UREA 
C la H, 0 Br,N.,O i.e. C0(NH.C„lI,Br) 2 . Di-hromo- 
tarbanilide. From'Ji-plicnyl-thio-urea and Br 
(Otto, B. 2,400). Formed also by decomposition 
of the product from C0C1 2 and diazobenzene-p- 
bromanilide. Prepared by the action of car¬ 
bonyl chloride on p-bromnniliue (Sarauw, B. 
15, 45). White glistening plates. .Sublimes at 
225° without melting,, SI. sol. alcohol and ( 
bonzene. 

Tetra-bromo-di-phenyl-urea 
COiXli.C.H.Iir )... Sublimes in needles (0). 

BROMO-PHENYL-URETHANE v. Bkomo- 

HJENYL-CAIUUMIC ET1IER. 

DIBROMO-PHENVL.VALERIC ACID 
C B H s .CHBr.CHBrCH 2 .CH 2 .CO t H. [109°]. From 
ttyryl-propionio aoid and Br (Baoyer a. Jackson, 
B. 18,122). 


BKOMO-PHLOBAPHENE v. Pblobajhtoi. 

BROMO - PHLOREHO AOID v. PhloiujtW 

acid. 

TRX-BROMO-PHLOROOLU CIN C B Br,(OH)„ 
[161°]. Formed by brominating phloroglucin 
(Hlasiwetz, A. 96, 118; Herzig, M. 6, 885). 
Long needles (containing 3aq) (from water). 
Reduced by tin and HC1 to phloroglucin. Con¬ 
verted by cold HNO„ (S.G. 1-1) into tri-bromo- 
di-nitro propionio acid (Benedikt, A. 184, 255). 

Tri-acetyl derivative C.BrHOAc),. 
[183°] (Herzig, ill. 0, 887). " 

Hexa-bromo-phloroglucin dibromide 
C,llr,(01ir) 3 . [118’J. The dual product of the 
brominalion of phloroglucin (Haznra a.‘Bene¬ 
dikt, M. 6, 702). Small golden needles (from 
CHCIJ. At 190° it gives off Br (1 mol.). 
Aqueous S0 2 reduces it to C a Br 3 (Oii) 3 . Tin and 
IIC1 form C B H B Cl 3 (Ori) 3 . 

DI - eso - BROMO - v - PHOSPHO - AMIDO- 
BENZENE 8ULPH0NIC ACID 
(II0)..P0.NH.C, i H 2 Br 2 .S0 3 H. The chloride 
CLl’O.Nil.C, - ll .Ilr = .S0 2 Cl is formed by treating 
di-bromo-amido-benzene suiphonic acid with 
PCI 5 . It is converted by alcohol into the 
etlur-chloride (BtO).,PO.NH.C 6 II 2 Br.,.SO..Cl 
[o. 170°] (I.aar, J. pr. [2J 20, 257). 

BROMO-PHTHALACENE v. 1’utiialacene. 

i-BROMO-PHTHALIC ACID C li II,Br(C0 2 H) 2 
[1:3:4]. [110°). Formed, together with its iso- 
meriilo, by brominating pbthalio acid (Faust, A. 
100, 02; Pcclimann, B. 12, 2124; cf. Ouarosclii, 

A. 222, 295, Stallard, G. J. 49, 187). Powder, 
V. sol. water, alcohol, and other. 

Salts.—K.A"2aq : long needles (from alco¬ 
hol).— BaA" 2aq : crystalline powder; si. col. 
water.—CuA" — Ag.,A": elieesy pp., si. sol. water. 

Anhydride Cjl 3 Bi(C0)„0. [05°J. (300"- 
310°). 

Ethyl ether F,t 2 A" : (295°); liquid. 

c-Bromo-phthalic acid C,lI,Br(C0 2 H)„ [1:2:3]. 
[170]] (G.); [174“] (M.); [197°J (C. a. T.). 

formation.— 1. Together with the preceding, 
by brominating phthnlic acid (Pechmann). — 
2. By the oxidation of bromo-nitro-iiaplitUalcne 
[122-5°) with KMuO, (Guarcschi, A. 222, 292), 
of bromo-(0)-naphthol with KMnO, (Mcldola, 
C. J. 47, 512), of liquid bromo-ditolyl (Carneliey 
a. Thomson, G. J. 47, 691), of di-bromo-naph- 
thulcne [130°] with CrO B in IIOAo (Guareschi, 

B. 19, 131), of C,„n 3 Br,(OH) [l:a;:3:4:2] with 
KMnO, (Smith, C. N. 40, 87), and of (a)-bromo- 
naplithalene, and bromo-o-toluic acid |107°] with 
dilute UNO, (ltacine, A. 239, 70). The bromo- 
o-toluic acid may be prepared from bromo-o- 
toluidino C„H 3 McBr(NH 2 ) [1:6:2J? by Sand- 
meycr’s method; 70 g. of bromo-toluidine gave 
53 g. of bromo-phthalic acid. 

Properties. —White prisms (from water); v. 
si. sol. chloroform, m. sol. .water, aleohol, and 
ether. With resorcin it gives a fluorescein (Nour- 
risson, B. 20,1018). The salt BaA" forms pearly 
plates, si. sol. water. 

Anhydride C s H 3 Br(CO) 2 0. [135°] (Mel- 
dola); [132°] (G.); [125“] (Smith); [108°] (Nonr- 
risson); [95°] (Racine). Needles. Heated with 
phenol and H 2 SO, it forms a body (? bromo- 
phthalide) that dissolves in alkalis forming a 
purplo solution. 

Di-bromo-phthalio add CjHjBrJCO-H), 
[1:4:2:3]. [135°]. From di-bromo naphthalsne 
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[82°] and HNO,. White crystalline powder, sol. 
boiling water and alcohol (Guareschi, A. 222, 
274). On melting it ohanges to its anhydride. 
Balt.—Ny.". 

Anhydride [208°]. Pearly needles (by 
sublimation). Heated with phenol and H.HO, it 
forms a product (dibromophthalein) that dis¬ 
solves in potash forming a purple solution. 

Di-bromo-phthalio acid C,IIJ!r.,(CO ;1 H) J . 
[206°]. Formed by oxidation of penta-bromo- 
(a).naphthol or of totra-bromo-(a)-naplithoqnm- 
one by means of dilute HNO, at 150 J (Uliimlein, 

B. 17, 2490). Colourless needles. V. e. sol. al¬ 
cohol, ether, and hot water. 

Stelts.—-A"Ag,: small colourless plates, 
sparingly soluble. -A''Ca: pp.--A"Ba: pp. 

Anhydride C,H,Br,<QQ>0.[208°].Sub¬ 
limes in long colourless needles. Easily soluble 
in alcohol, sparingly in water andether. Formed 
by heating the acid. Heated with resorcin it 
yields a di-bromo-iluorescein. 

Di-bromo-tetra-hydro-phtlialio acid 

C, H,Br,(COJI). r Di-bromo-tdra-hydro-benzmc- 
di-o-carba.rijlic acid. "Formed by the direct 
combination of dry di-hydro phthalio acid with 
bromine vapour. Bhombohedra (Baeyer, B. 19, 
1810). 

Tri-bromo-phtlialio acid C 11 IIBr.,(CO. J H) 2 . 
[191°]. Formed by oxidation of pentu-bromo- 
(B)-naphthol or of tetra-bromo-(/9)-naphtho- 
quinone with HNO, (Flessa, B. 17, 1483). Small 
silvery plates or needles. Nearly insoluble in 
petroleum ether and in cold water. 

S al t s.—Ag„A".—CaA" 2aq.—llaA" 2nq. 
Anhydride C s HBr 3 (CO),0: [157 ); sub¬ 
limes in white plates; easily soluble in alcohol 
and ether, nearly insoluble in coin water. 

Tetra-bromo-phthalic acid C„Br ,(00,11),. 
[266°]. Formed by oxidation of teira-bromo-o- 
xylene by heating with dilute HNO, and bromine 
at 170° (Uliimlein, 71. 17, 2493). Small needles 
or oolourles3 prisms. V. si. sol. water. With 
resorcin it yields a tetra-bromo-fluorosccin. 

S alts.—A''Ca. —A'’Ba. 

Anhydride C,Br,<^g^>0. [259 J ). Formed 

by heating the acid. Sublimes in colourless 
glistening needles. 81. sol. almost all solvents. 
V. also BnOMO-TEUEPIITIIAIJC ACIDS. 

BB0M0-PHTHALIDE C 0 H,l!r<^y>O. 

[»orS:J]. [100°]. Formed in small quantity, 

together with bromo-o-toluic acid, by the action 
of bromine-water on o-toluic acid (Racine, A. 231), 
76). Needles (from dilute alcohol); sublimes 
readily. Insol. cold water or Na.CO ? Aq. Gives 
bromo-o-toluic aoid [167°] on oxidation. 

(a) -Bromo-phthalide C 0 H,<°™ r >O. [88 s ], 

Prom phtlialide and bromineat 140° (Itaoine, A. 
239, 79; B. 19, 778). Small cubes or fables 
(from ether). May bo distilled. Hygroscopic. 
Slowly decomposed by cold, quickly by hot, 
water, forming phthalio aldehyde - acid 
CjHdCOjH) (CHO). Alcohol converts it into 
C,H,(CO,Et)(CHO). KMnO, oxidises it to 
phthalio aoid. Ammonia forms amido- 

phthalide, C,H,<qq ^ H ^>0. [167°]. 


Di-bromo-phthallde 0,H 4 Br 2 0, U. 

0,HjBr a <gQ a >0 [J |].« [188=]. S. (94 p.o. 

alcohol) - 87 at 15°. From di-bromo-naphthalena, 
CrO, and glacial acetio aoid (Guareschi, A. 222, 
282). Prisms or needles (from alcohol). Neutral 
reaction. Does not reduce ummoniacal AgNO,, 
With phenol and 11,80, gives no dye on heating. 
DI-BROMO-PICENE v. Picf.se. • 

•BROMO - PICB'N v. Tiu - nnosio - nitbo • 

METHANE. 

BEOMO.PIP’a-HYDRONIC ACID v. Bkomo- 

Dr-OXY-njKNYL-VArj.i.ic ACID. 

BROMO-FIPEEIU ACID Dihydt idt. 
C^HuBrO, or 

OH,<Q>C tt H.,Br.ClI. r CH,ClI:CH.CO,H. 

Bromo-(8)-hyd ro-piperic acid. [171°]. From 
bromine aUd (0)-di-hydro-piperic acid (Fittig a. 
Buri, A. 216, 177; Weinstein, A. 227, 42). 
Streaky white plates (from benzeno).—Salt.-— 
CaA' a . 

Reactions. —1. Not affected by boiling aque¬ 
ous KOII.—2. KMn0 4 oxidises it, in neutral 
solution, to bromo-piperonylio acid [204°], 
bromo-pipero- propionic acid (q. v.) and bromo- 
piperonal; hence Rr is in the benzene nucleus.— 

3. Sodium-amalgam forms piperhydronic or 
mcthylene-di-oxy-phcnyl valcric acid G l2 H l4 0 4 . 

DI-BR0M0-PIPERINIDE v. Bromo-tri-oxy- 

I’lIKNYL-VALKRIO ACID. 

BROMO-PIPERONYLIC ACID v. Bromo-di- 

OXY-BKNZOIO ACID. 

BROMO-PIPERO-PROPIONIC ACID v. Meth¬ 
ylene derivative Bromo-di-oxy-i*iienyl-pro- 
tionic aoid. 

DI - BROMO - PREHNITOSE v . Di-bromo- 

DURENE. 

BROMO-PROPANE v . Propyl bromipe. 
Di-bromo-propane C :t H G 13r 2 i.c. 
nir,.CHBr.CII, *r.(141-5 J ). Propylene bromide. 
s.d. g 1-9617 (/• nder, A. 214,175). S.V. 118-9 
(Z.); 11.8-4 (Schiff). 

Formation.—1. From propylene and Br 
(Reynolds, A. 77, 120; Cahours, G. R. 31, 291; 
Wnrlz, A. 104, 244).—2. From bromo-propyJene 
and HBr.—3. Together with trimelhylenc bro¬ 
mide by the union of HBr with ullyl bromide 
(Geromont.BZ. [2J16,113, Roboul, Bl. [2] 17,350). 

4. From propyl bromide and Br (Linnemann, 

A. 161,41). 

Properties .—Liquid with sweet smell. 
Reaction'.—1. Alcoholic KOH forms two 
bromo-propylcnes and, finally, allylene (Sa- 
witsch, G. R. 52, 399).—2. AgOAc gives the di¬ 
acetyl derivative of propylene-glycol (Wurtz, A. 
CA.[3] 4, 438). AgOBz gives the corresponding 
benzoyl derivative (Friedel a. Silva, C. R. 7R, 
1379).—3. Convert* d into propyleno by Zn and 
HOAo or sodium-amalgam in alcohol (Linne¬ 
mann, B. 10, 1111).—4. Aqueous HI at 150° 
gives isopropyl bromid#.—6. Heated to 100° 
with Ag.,0 and water it gives propionic aldehyde 
but no propylene-glycol (Beilstein a. Wiegand, 

B. 15, 1496).—6. Water (20 vols.) and PbO at 
150° gives acetone, propionic aldehyde and 
propylene-glycol (Eltekoff, J. R. 10, 212).— 
7. Protracted boiling with water gives propylene- 
glycol (Niederist, A. 196, 349). 

oa-i)i-bromo-propane CH t .0Br 3 .CH,. Methyl 
bromacetol. Bromacetol. Acetone bromide. (115°). 
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1-8476; Jf 1-8314. 
20-7° (Perkin). Formed 


S.G. 


. - M. 10-137 at 

— - ,-erkin). Formed in small quantity from 
acetone and PBr, or*PCl,Br, (Linnemann, A. 
138, 125; Friedel a. Ladenburg, Z. 1808, 48). 
Also from allylene and cone. HBr (Beboul, C. R. 
74,609); and from a-bromo-propylene and HBr. 

Reactions .— 1. Water at 160° gives aeetono.— 
2. Znand HC1 give propane (Linnemann, A. 
161, # G7).-3. Alcoliolie K01I gives a-bromo- 
propylene CII 3 .CBr:CH 2 . i , 

ww-Di-bromo-propane 1 
CH,.CH 2 .CIlBr. ; . (o. 130°). FR^pi a)-bromo-pro- 
pyleno CHj.CH'.CHBr and cone. HBr (Beboul 
A. Ch. [6>14, 407). 

ejjBj-Di-bronjo-propane CH.,Br.CH,.OH..Br. 
Trimcthylenc bromide. (105°). S.G. s 2-000 (Z )•' 
a 2-018 (G.); '£? 1*9228 (F.). S.V. 117-8 (Z.). 
Formed from <o,w,-di-oxy-pi-opanc «and IIBr 
(Freund, M. 2, 039). 

, Preparation.— Allyl bromide is saturated 
with very nearly dry HBr at -16“ sealed up 
and left at 30“ for 24 hours. The tube is 
opened and the operation repeated as long as 
any gas is absorbed (Gcromont, A. 158, 370; 
Beboul, A. Ch. [5] 14, 472; Erlenmeyer, 13. 12, 
1354; A. 197,184; Both, B. 14,1351; Bogomo- 
litz, Bl. [2] 80, 23). * 

Reactions. —1. Alcoholic KOH forms allvl 
bromide or allyl ethyl oxide. -2. Alcoliolie Nil, 
forms somo amorphous bases (Niederist W 3 
840).—3. Heated to 100" with Ag.,0 and’ water 
it gives tri-metliylene-glycol thus differing from 
the laomeno propylene bromide which gives 
propionic aldchydo (Beilstein a. Wiegaml, li. 15, 
1490).--4. ALBr a converts it into propyleno 
bromide (Gustavson, J.pr. [2] 30, 303). 

/om"T' Tr i' br<>m0 ' propano CH,,.CHBr.CIlBr 2 . 
Jr, 0 *-)-, , „ ln 1 »romo - propyleno and Br 
(Beboul, A. Ch. [5] 14, 481). 

brom ° - propane (Jc l .CBu.Cl Lllr. 
(191 ). S.G.!! 2-35. Formed futile union of 
bromo-propylene with Br (Bobtail, A. Ch. r51 
14, 481 ; C. Kolbe, J.pr. 133, 398). * J 

J-Tri-bromo-propane CH Jlr.CH Br.C H.,Br. 
Tn-bromhydrin. [17°]. (220"). S.G. *f 2 - 44 . 

Formation. — 1 . From di-broinhydrin or 
epibromhydi-in and PBr s (Berthelot a. do Luca, 
J 1 ? 1 - 7 .° I lienr -V, A. 154, 309).—2. From 
allyl bromido and Br ('Pollens, A. 150, 108) — 
i By brominution of isopropyl bromide (Linno- ! 
mann, A. 186, 03).—4. From r'lyl ioditlg and Br 
(Wurtz, A. 104, 247). t. 

Properties. —Prisms or liquid. 

Reactions. — 1 Alcoholic KOH gives 
CHiC.CH.OEt. — 2. ifehd KOH gives two di- 
brraio-propylenes. - 3. AgOAc gives triacotin I 

v Cs ? i( °«ti )s T 4 ' K °y « ivea ^(Cy),.- 5. Alco- 
nolic NH S forma di-bronio-di-allyl-amine and 
then methyl-pyridine. 

Tetra-bromo-propane CH r CBr 2 .CIIBr... 
Allylene tetra-bromide. (£25° 230"); (110 J -I30“) 
at 10 mm. S.G. s 2-04. From allylene and Br 
(Oppenheim, 131. [2] 2, 6; 4, 434; A. 132, 124). 
Liquid, decomposed by alcoholic KOH into HBr 
179 6 t "- bromo -P r °Py lon « («• 193°) (Binner, A. 

n n J„ e 1 tra 1 bromopro I ,ane CH 2 Br.CBr 2 .CH.,Br. 

y J5 'roiV 0111 ,a °- all y lene and Br (Hartenstein, 

t/'pr. [2] 7, 817). 


The following tetra-bromo-propanes have alto 
been prepared; 

(o): (251“) ; S.G. 2-64. From propyleno 
bromide and Br (Beboul, A. Suppl. 1, 232). 

(6) : [09“3; (o. 235°). By brominating iso¬ 
propyl bromide (Linnemann, A. 136, 04). 

(c): (226°); S.G. 2-47. From propylene 
bromide and Br (Cabours, A. 76, 284). 

Penta-bromo-propanes G,lLBr s . The follow¬ 
ing have been described: 

(a) : (2;j 5°) ; S.G. 2*00. From propylene 
bromide and Br (Cahours, C. It. 31, 291) 

(b) : [173“J. h’roin tri-bromo-nropylene and 
Br (Pinner, A. 179, 00). 

(c) : CHBr.,.CBr...CIlBr 2 . g.G.if! 3 01. from 
propargyl b'omido ami Br (Henry, 13. 7, 701) 

BH0M0-PR0PI0LIC ACID CBriC.COH. 
Formed by decomposing mucobromic acid with 
baryta (Jackson a. Hill, B. 11, 1075; Am. 3, 
121). l’risms (from ether). V. e. sol. water 
(crystallising therefrom with :raq); may ho par- 
tiaily sublimed at 100". Boiling water liberates 
bromo-acetyleiio; boiling baryta forms bromo- 
at-etyleno and also majonic acid. The acid 
gives with di-bromo-acrylio acid a compound 
C 2 HBr0 2 0.,Br.JI,0, [105°]. P 

Salts.- liaALiraq.—Ag A'. 

u-BKOMO-PEdpiONIC ACID C.HBrO, ie 
CH,.CHBr.OOJI. [25“J (W.). (200' 'cor!). 

! L “lined by heating propionic acid (1 mol.) with 
Br (1 mol.) for several days at 150° (Friedel a. 
Macluiea, C. R. 53, 408; A. 120, 280). Formed 
also from lactic acid and HBrAq at 100“ (Kckuld, 
A. 130 10). 

Reactions. —1. Sodium-amalgam forms pro- 
pionio acid.—2. Boiling water and ZnO givo 
lactic acid. TRo K salt changes slowly to lactate 
m cold aqueous solution.—3. Alcoholic NH, 
lorms alanine.—4. Finely divided Ag at 150" 
gives s-di-methyl-sneoinie acid. 

Ethyl c/lier El A'. (102"); (130") at 100 
min. •S.G. ii 1-10. From the acid (LSischoff, A. 
200, 319) Also from lactic ether and PBr. 
(Henry, A. 150, 170). Preparation. —Propionic 
acid (300 g.) is converted into the bromide by 
I adding amorphous phosphorus (31 g.) and slowly 
I running in bromine (100 g.). After the evolu- 
i tiouof HBr has ceased the mixture is krominuted 
by heating to 4(1 "-50" and slowly rurmiim in 
j moro bromine (040. g.). When the whole of the 
i bromino has disappeared the bromo-propionyl 
bromide is converteiijuto the ethyl ethor by the 
addition of absolute .,,'cohol. It is then treated 

wrlh water, washed anu, fractionated. The yield 
from 300 g. of propionid, acid amounts to 040 g, 
of boiling-point 150 "-1G0V (Zelinsky, K.20,2026). 

Bromide CiL.CHBrbCO.Br. (155"). From 
propionyl bromide and 1.1 ralso from propionic 
acid, P, and Br (Woinig, i. 212, 103). ZnMe,, 
followed by wale* gives methyl isopropyl ketone 
C %T hyl ' isil P rop ^ ‘ car 2,’i n “l (Kaskirski, 

IniX.dc’ (CH 2 .CHBr.CO) 2 NH. ' k ri48°]. Formed 
by tho action of water on the compound 
(C,,H,NBr 2 ) of propionitrile with Br (Engler, A. 
142, 7l). Needles, m. sol. hot wateyv. 

0-Bromo-propionic acid CH 2 13rlCH,.C(LTI. 
fG2°]. Small glistening plates. 1-Wmed by 
heating hydracrylio acid with HBn at 120° 
(Bcckurts a, Otto, 13. 18, 227). v 
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a/B-IM-bromo-propionio aoid 

CBLjBr.OHBr.COgH. [64°1. (227°). S. 1945 
(719-45) at 11°; S. (ether) 804 (?3*04) at 10°. 

Formation. —1. Got by oxidising di-bromo- 
propyl alcohol with HNO,. The yield is bad 
(Miinder a. Tollens, B. 5, 73; A. 167, 222) —2. 
Also by union of acrylic acid with Br (Caspary 

а. Tollens, A. 107, 250).—3. From acrolein di¬ 
bromide and HNO, (Linnemann a. Penl, B. 
8, 1097).—4. By the action of HBr upon a - 
bromo-acrylic and aa di-bromo-propionic acids 
(Philippi a. Tollens, A. 171, 838). 

Properties. —Monoclinic crystals (Ilaushofer, 
J. 1881, 087; Zepharovich, J. 1878, 093). It 
crystallises in two forms: tables [01 U J and 
prism? [61°]; the latter slowly change into tho 
former. The salts readily split off bromide, 
forming /8-bromo-acrylic acid. 

Reactions. —1. Converted into acrylic acid by 
KI and water, or by Zn and H 2 S0 4 ( v. Zotta, A. 
192, 102; C. a. I.).—2. Water at 120° gives 
bromo-oxy-propionic acid (Melikoff, J.R. 13,227). 

S a 1 ts.—AgA'. - Nil .A'.—KA'.—CaA'., 2aq.~ 
SrA' 2 Gaq. 

Methyl ether Me/P. (205*8° cor.) (Wegcr, 
A. 221, 84). 

Ethyl ether EtA'. (214 0° cor.). 

Allyl ether C ;t H,A'. (2l5°-220°). 

Propyl ether PrA'. (233° cor ). 

aa-Di-bromo-propionic acid CH,.CBr...COoII. 
[05°j (F. a. M.); [01°J (P. a. T.). (c. 224 l f. From 
a-bromo-propionic acid and Br (Friedcl a. 
Machuca, C. R. 64, 220; Philippi a. Tollens, B. 

б, 615). Trimetric tables. 

Reactions. —1. Zn and II^SO, reduce it to 
propionic acid.—2. Alcoholic KOI! gives a-bromo- 
acrylic acid.—3. Ag.X) forms pyi”*v : e acid.—4. j 
Finely divided silver in benzene gives di-methyl- 1 
maleic anhydride.—6. The salts are more stable ! 
than those of tho preceding acid; but the silver ' 
salt warmed with water changes to pyruvic acid 
(Beckurts a. Otto, B. 18, 235). 

Salts. — Nil,A' £aq. — NaA'. — KA'aq. — 
BaA 2 9aq. — Ca A'„ 2aq.— SrA' a Oaq. 

Methyl ether MeA'. (c. 177°). S.G. 1*001. 

Ethyl ether EtA'. (191°). S.G. 0 1*751. 

Propyl ether PrA'. («. 202°). S.G. * 1*081. 

l'sobutyl ether FrCH 2 A'. (o. 216°). S.G. 

9 1*678. 

aa/3-Tri-bromo-propionic acid 
CH,Br.CBr,C0 2 H. [95°]. 

Formation.— 1. By oxidation of acrolein 
bromide (Linnemann a. Penl, B. 8, 1097).— 
2. From a-bromo-acrylio acid and Br (Mautliner* 
a. Suida, M. 2, 99; Michael a. Norton, Am. 2,17). 

Properties.— Monoclinic prisms; a:b:c~ 
1*83:1: *315 ; /3 = 66°; m. sol. water, v. sol. alco¬ 
hol and ether. On heating the 13a salt CII,:CBr 2 
is formed. Alcoholic KOII gives aj9-di-bromo- 
acrylio acid. # 

Salt.—BaA' 2 a:aq; needles. 

a/3/3-Tri-bromo-propionic ac£l 
CHBr 2 .CHBr.C0 2 H. [118°]. Prepared by gat¬ 
ing a/3-di-bromo-acrylic acid for eight hours with 
cone. HBrAq (Hill a. Andrews, Am. 4, 180; P. 
Am. A. 17,133). Rectangular plate*, v. sol. hot 
water, ether, and alcohol,—AgA': small rhombic 
plates.—CaA' 2 2aq. 

Tetra-bromo-propionic aeid C 2 HBr 4 .C0 2 H i.e. 
CHBr 2 .GBr 2 .C0 2 H. [120°]. Prepared by tho 
combination of a/3-di-bromo-acrylic acid with Br. 


Triclinio prisms: ▼. e. sol. alcohol and ether. 
Tho Ba salt is decomposed by boiling water with 
formation of tri-bromo-ethylene. Alcoholic KOH 
gives tri-bromo-acrylic acid. 

Salts.—AgA'. — KA'2aq. — BaA' 2 £aq.— 
CaA'.,aq (Mauthner a. Suida, M. 2,107; Hill a. 
Mabery, P. Am. A. 17,140; Am. 4,266; 5, 251). 

a/3-DI-BROMO-PROPIONIC ALDEHYDE 
CHBr.CHBr.CHO. Acrolein dibromidc. (c. 82°) 
at 5 mm. (Griiuai ’k a. Adam, Bl. [2] 36, 136). 
From acrolein end Br (Aronstein, A. Suppl. 
3,185; Henry, uf. 7,1112; Linnemann a. Penl, 
B. 8, 1097). Pungent oil. Reduces ^’eliling’s 
solution. Readily polymerises, becoming crystal¬ 
line [84°] in presence of IIC1. UNO, oxidises it 
to di- and tri-bromo-propionic acids. 

Tri-bromo-propionic aldehyde. A liquid com¬ 
bination ol this body with propyl alcohol 
OBr a .CII(OH)(OPr) appears to bo formed on 
treating propyl alcohol with Br (Hardy, G. R. 
79, 8061. 

7 . BROMO - n - PROPYL - ACETO - ACETIC 
ETHER CII 2 Br.CII...CH,.CII(CO.Cir 3 ).Ca 2 Et. 
Liquid. Insol. water, sol. alcohol and ether. 
Heavier than water. 

Preparation. —6 grms. of sodium aro dis¬ 
solved in 60 grms. of absoluto alcohol and added 
to 32 grms. of acolo-acetic ether. Thu sodio- 
aceto-aeelic ether is then added to 80 grms. of 
tri-methyleno bromide and heated on tho water- 
bath for half an hour; tho yield is 75 p.e. of 
the theoretical. 

Reactions. —By boiling with dilute acids it 
yields acetyl-butyl bromide and finally acetyl- 
butyl alcohol Cir,.CO.CH...CH,.CH...CllJJH. 
Alcoholic NIL,eliminates HBr forming so-called 
‘ tri-methylone-acoto-aeetic ether ’ (Lipp, B. 18, 
3277. V. also pp. 21 and 40 supra). 

/3-BROMO-PROPYL ALCOHOL 0 :( H.BrO i.e., 
CILBr.CH.wCI 1/ ; J l.Bromhydrin of h i-methylene 
glycol. (98°-31 'l‘\ at 185 mm. S.G.1*537* 
S. 17 at 15°. worn tri-methylene glycol (s-di- 
o.\y-proj[Cine) and IlBr (Friihling, M. 3, 697). 

a'-Bromo-isopropyl alcohol 
CH 3 .CH(OJI).CHBr (?). Bromhydrin of Propyl¬ 
ene glycol. (145°-1 JS U ). From propylene oxido 
and HBr (Markownikolf, Z. 1870, 423). 

a/3-Di-bronio-propyl-alcohol 
CII.Br.CIIBr.CH.OIl. Dibromidc of allyl 
alcohol. (219°) (Weger, A. 221, 83). V. p. 134. 

Mcthylderivalive CH.Br.CHBr.CI1..0Mu 
(185°) (ll(*iry, B. 5,. 455). 

Ethyl derivative CII.Br.CIJBr.ClJ 2 OEt 
(191°). 

s-Di-bromo-isopropyl alcohol 
CHBr.CII(OH).CIIBr. Giycerin di-bromhydrin. 
(219°). S.G. -- 2*1. From glycerin and PI3r s 
(Berthelot a. de Lu *a, A. Ch. [3J 48, 313; 
licboul, A. Ch. [3] 60, 32). Also from glycerin 
andBr (Barth, A. 121, 319). V. also Glycerin. 

DI-BR0M0-PR0PYL-4MINE C 3 lI 3 Br 2 N i.e 
fiH,Br.CHBr.CH 2 .NH r From allylamiuu hydro¬ 
chloride and Br. Oil. Salts.—B'liCl: needles. 
—B' 2 H 2 PtCl fl (Henry, B. 8, 399). 

BROMO - PROPYL - BENZENE v. Bromo- 

CUUENE. 

Di-bromo-p - di - propyl - benzene CJJjjBrjPr*. 
[48°]. From di-propyl-benzeno and Br (H. 
Korner, A. 216, 227). Needles or rectangular 
tables (from alcohol)* 
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BROMO-PROPYL-BENZOIC AGIO «. BkoMO- 

outmno acid. . 

DI-BROMO-PROPYL BORATE 

B(O.CH a .CHBr.CH 2 Br) a . Hexabromide of Alltl 

BORATE («.».). Oil. 

BBOMO-PBOPYL BROMIDE v. Di -RROMO- 
ritORANK. 

TETRA-BROMO-DI-PROPYL-CARBINOL v. 

Tetm- BUOMO-HEPTYL-ALCOHOL. 

BROMO - PROPYLENE i.e. • 

CHj.CH:CHI!r. (00°). S.G. « 1-43. Formed, 
together with CH a .CBr:CH,,hy4if!atingpropylcnc 
bromide with alcoholic KOII (lteboul, A. Ch. [5] 
14, 479).»One of the products obtained by boiling 
efl-di-bromo-butyrie acid with aqueous Na„CO ; ,. 
HBr reunites with it fo.ming chielly propylene 
bromide, but the combination is very much 
slower than with its isomoride (48°). Alcoholio 
KOII gives allylenc. Br formsCfI s .CBBr.ClII5i' a 
(201°). 

a - Bromo - propylene CII,.CBi':CII a . (18°). 
8.0. * 1-39. Formed as above (Reynolds, A. 77, 
122). Also by the action of alcoholic KOII 
on CHj.CBr.Cl 1 : , (Kcboul); and by union 
of Illir with allylenc (lteboul, C. it. 74, COO). 
Oil. Readily combines with 11 Hr forming 
CII ; ,.CBr„.CII,. Br forms CII 1 .CBr,.CII 2 Br (191°). 
Mercuric acetate in IlOAc at 100 ’ forms acetone. 

Bromo-propylene CII a Br.CII:(JlI a V. All yd 
imojnnu p. 185. 

Di - bromo - propylene C,lI,Br„ i.e. 
CHuCBv.CH.Br. (140°-143“). (a). Kpi-dibrom■ 
hydrin. From CHjBr.CHBr.CHJlr and solid 
KOII (Henry, A. 154,371; B. 14,401) or sodium 
in ether (Tollcns, A. 166, If 8). Converted by 
water at 130° into bromo-allyl alcohol. 

Di-bromo-propylene CIIBrtCH.CH .Br. (152°). 
S.O. 11 2-06. Formed, together with the pre¬ 
ceding and propargyl bromide, from s-tri-bromo- 
propane and KOII (lteboul, A.Jduppl. 1. 230; 
Henry, B. 5, 180, 452). Alcolio/e A"NO ; , forms 
CllBnCl I.Ci l a N0,; AgOAe ar./potassium sul- 
phocyanide also form B-bromo-allyl salt^, 

Di-bromo-propylene CH a .CBr:CIIBr. Allylenc 
di-bromide. (132°). S.O. - 2 06. From allylenc 
and Br (Oppculicim, Bl. (2] 2, 6; 4, 434; A. 
132, 1211). Also from CH,.CHBr.CIIBr 2 and 
AgOAe at 120° (Linncmann, A. 130, 66). 

Tri - bromo - propylene CH.,.CBr:CBr, (7). 
(184°) (0.); (c. 193°) (P.). From allylene tetra- 
bromido and alcoholic KOAo (0.) or aqueous 
NaOH (Finner, A. 179, 69). 

Tri - bromo - propylene * CIIjy-.ClsnCHBr. 
S.G. J - 2-53. Propargyl tribromide. From 
propargyl bromide and Br. Non-volatilo oil 
(Henry, B. 7, 761). • 

Penta-bromo-propyldhe C a HBr s . From allyl 
bromide, Br, and I at 210°.« Non-volatilo oil 
(Merz a. Woith, B. 11, 2243). 

BROMO-PROPYLENE-GLYCOL v. Glycerin. 
BROMO-PBOFYLENE-BREA C,II,BrN a O i.e. 

C0 <NH> ClH “ Br ( ? )‘ ' P 20 °J- Formed by 
warming an aqueous solution of di-bromo-propyl- 
urea (Andrcasch, M. 6, 40). Silky needles; si. 

sol. cold wator_B'HCl: [143°].—B'HBr: [168°]. 

—B'.HJPtCl,. 

DIBR0M0-PR0PY1-MAL0NIC ACID 

C s H,Br a O, i.e. (CO a H) a CH.CH a .CHBr.CH a Br. 
[121°]. From allyl-malonic acid and Br in OS a 
(Hjclt, A. 216,68; B. 15,624). Needles in stars 


(from ether). V. e. sol ether, m, sol water. 
Boiled with baryta, it forms di-oxy-propyl- 
malonate of barium (q. v.). 

BBOMO ■ PROPYL - PHENOL v. Bromo- 

CDMKNOL. 

BROMO-PBOPYL-THIOPHENE 
C,SH a (C s H,)Br. (189°). Colourless oil. Formed 
by bromination of »-propyl-thiophene (Ruffi, B. 
20,1741). .... 

Di-bromo-propyl-thiophene C,SH (0,H,)Br r 
(248°). Oil. Formed by bromination of propyl- 
thiophene with 2 mols. of bromine. By further 
bromination it is converted into tetra-bromo- 
thiophene (Ruffi, B. 20,1741). 

DI-BROMO PROPYL-UREA C,H a Br a N a S i.e. 
Nn..CO.NH.CH.,.CIIBr.CH a Br. [100°]. From 
allyl-urea and Br (Andrcasch, M. 5,38). Needles 
or leaflets, si. sol. cold water. Decomposed by 
heating witli water into the isomerio hydro- 
bromide of bromo-propylene-urea (q. V.). 

BROMO-PYBIDIMEG,NIl,Br [3J. (174°i.Y.). 
S.G. ° 1-645. 

Formation. — 1. By brominating pyridine 
(Hofmann, B. 12, 990).- 2. By the action of 
bromoform upon an alcoholic solution of pyrrol 
and NuOEt or upon potassium pyrrol in ether 
(Ciamician a. Silbur, B. 18, 721; Ciamioian a. 
Dennstodt, O'. 12, 211; B. 16,1173 ; Danesi, G. 
12, 150). 

Properties.— Alkaline liquid, si. sol. water. 
Reduced to pyridine by zinc and HC1. 

Salts, i>' ILI’lC!,,I bii): yellow monoclinio 
crystals, a:b:c = i-207;l:l-188. £ = 107“ 7'.— 

B'HCl. 

Di-bromo-pyridine C s NII a Br a [2:6]. [111°]. 

( 222 °). 

Formation^—!. From pyridine and Br (Hof- 
mann, B. 12, 988).—2. Together with pyridine 
and mono-bromo-pyridino by the action of bro- 
i mine onaeetyl-piperidine (Ilofnmnn,if. 16, 587 , 
j cj. Schottcn, B. 15, 421).—3. From tropidine 
hydobromide and bromine at 170“ (Ladenburg, 
A. 217, 148), di-bromo-mothyl-pyridine being 
first formed, and cthylono bromide being the 
other product.—4. Formed by heating the tri¬ 
carboxylic acid [206 j. 

Properties.— Long flat pearly noodles, insol. 
cold water, si. sol. cold alcohol. Very weak 
base (difference from bromo-pyridino). 

Salt.—li'.U.ClI'lCI,: golden yellow needles 
(Pfeiffer, B. 20, *1349). 

Methylo chloride 0,,NII > Br. J MeCl. Formed 
by heating di-broino-apopiiyllin (q. v.) with HC1 
(Anderson, A. 94, 358 ; Hofmann, B. 14, 1498; 
v. Gerichten, A. 210, 99). Moist Ag a O liberates 
an alkaline hydroxide.—B' a Mo a PtCl„. 

Di-bromo-pyridine O s NH a Br a . [165°]. Formed 
by adding bromine to a boiling aqueous solution 
of pyridine-sulphonic acid. Long white needles. 
Begins to sublimo at abou); 80°. Sol. water, 
alcohol, ether add benzene,—B'JLCU’tCl, 2aq: 
large orange needles, si. sol. water (Fischer a. 
Roimerschmid, B. 16, 1184; cf. Kiinigs, B. 
17, 689). 

DI-BROMO-PYBIDINE-BETAINE 

O a NHBr a < C Q »>CO. Anhydride of di-bromo- 

oxy-pyridyl-acetic acid. Formed by heating di- 
bromo-pyridine with chloro-acetio aoid.— 
BHC1; colourless needles.—BjHjCljPtOl,: large 
soluble brown prisms (Gerichten, B. 15i 1268). 
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SH0M0-PYB1DINE DI-OABBOXYLIC ACJD 

t . Bbomo-apophtlienio acid. 

Bromo-pyridino-di-oarboxylio Mid 
0,NHjBr(CO a H) 2 . [165°]. Formed, together 
with oxalyl-anthranilia acid, by oxidation of 
(-Py)-bromo-quinolino with KMnO,. Crystals. 
V. sol. wator, alcohol, ether, &o. It evolves CO. 
at its melting-point, yielding bromo-pyridine- 
mono-oarboxylio acid (bromo-nicotinio acid) 
[183°] (Claus a. Collischonn, B. 19, 2707). 

Di-bromo-pyridine-tri-carboxylii acid 
C,NBr„(CO,H), [2:0:l:3:5J. [200“* anhydrous]. 

Obtained by oxidation of di-bromo-s-tri-mothyl- 
pyridino [81°] with KMnO,. Flat plates (con¬ 
taining 4aq). V. sol. hot water, si. sol. alcohol, 
nearly insol. ethe.. FcSO, gives a red coloura¬ 
tion. Heated to 105“ it gives a sublimate of di- 
bromo-pyridine [11!“]. 

Halts.—AgA"'aq: crystalline powder.— 
KIL A'", Oaq: glistening colourless needles, sol. 
hot water.—Cu 3 A'" 2 iaq: microcrystallino blue 
powder (Pfeiffer, B. 2(1, 1317). 

a - BROMO -a- F YRIDYL - (Py. 2) - PROPIONIC 
ACID C„TI,lSiNO., i.c. C.lI.N.CllrMo.COJI. 
From tho corresponding oxy- acid and PBr, in 

cs.. 

*Sa 11.—(C H tf JirN(X)PIAuBr 4 (Hardy a. Cal- 


mels, Bl. [2] 48, 232). 

DI-BROMO-PYROCATECHIN C„TI,Br 2 (OTI) r 
Di-victhyl-ethcr C 0 H,,Br.,(OMe)... [93°]. 
Prepared by bromination of tho di-methyl-ether 
of pyrocatocliin (Tiemann a. Koppe, 23.14, 2018). 
Formed also by the action of lir on vcratric acid. 
Colourless prisms. Sol. alcohol, ether and 
benzene. 

Tri-bromo-pyrocatechin C K HBr : ,(OH) 2 . 

Mo no-vi ethyl -ether C H U B r.,(OMc) (Oil). 
Tri-bromo-guaiacoi [102 'J. Wliile^cited needles. 
Formed by bromination of guaiacol (Tiemann a. 
Koppe, B. 14, 2017). 

Tetra-bromo-pyrocatechin C#H,Br,(OH) 2 
[1:2:3:4:5:6]. [193°1. Formed by bromination of 
pyrocatecliin in chloroform solution. Colour¬ 
less prisms (from acetic acid) or long. fine 
needles (from alcohol). On oxidation it yields 
tetra-bromo-o-quinone C s 13r,0.,. Bromine-water 
at 80° forms C IH ILBr lu () [139 J ] (7/mckc, B. 20, 
1777; cf. Stonhouso, C. J. 27, 580; 28, C; 
Hlasiwetz, A. 142, 251). 

TETRA-BROMO-PYROCOLL C jn H 2 Br 4 0.,N i! . 
Formed by heating pyrocoll with bromine at 
100°. Small yellow needles. Insol. alcohol, 
ether, chloroform and toluene, almost insol. 
acetic acid. By boiling with KOH it yields di- 
bromo-pyrrol-carboxylic acid (Ciamician a. Sil- 
ber, B. 10, 2388). 

TRI-BR0M0-PYR0GALL0L C 6 H :j Br a 0 3 i.e. 
C tf Br 8 (OH) 3 . Tri-bromo-pyrogallic acid. From 
tannin, glacial acetic acid and bromine at 100° 
(Stenhouse, C. J. 27, 586; 28,7; Webster, C. J. 
45, 207). From pyrRgallol and Br (Hlasiwetz, 
A. 142, 250). Flat needles, so 1 * hot water. Bro¬ 
mine - water converts it into 1 xanthogallol ’ 
C.HH.Br.xO- [122°] whence alkalis lorm 
0 18 H r Br M O fl [130°] (S.). 

3 -BEOMO-PYROMUCIC ACID C s H s KrO,. 
Bromo-furfuram carboxylic acid [129°). S. 
1-20 at 20°. From either di-bromo-pyromucio 
acid [168°], or [192°] by reduction with zino- 
dust and ammonia (Hill a. Sanger, A. 232, 68). 
0b adding HOI the acid separates in matted 


needles. Silky needles (from water, separating 
at first as an oil). So!, chloroform and benzene, 
si. sol. light petroleum or C9 a . Dry Br forms 
di-bromo-pyromucio aoid [166°]. Dilute H.,30, 
gives bromo-fumario aoid [177°]. 

Salts.—BaA', a aq. S.2T3at20“.—CaA'jSaq. 
S. 1-77 at 20°.—AgA'.-NaA'.-KA'. 

Ethyl ether Kt.V [29°| (235° i.V.). 

Amide.— CjIIJirO-NlI-. [16(1’]. Silky mRjdles 
(f»om water). *" 

(5)-Bromo-pyromuoic acid 0,11,1110.. [181’]. 
S. -22 at 16“. ' 

Formation.— 1. By tho action of^alcoholio 
KOTI on tho dihromido of pyromucic acid 
(Schiff a. 'Passman, B. 11, 12 ; Cl. 8, 297). 

An isomerido [155°] said to bo formed at the 
same time has not been observed by others. 
The dihromido of pyromucic other when saponi¬ 
fied also'produces di-bromo-pyromucio acid 
(Canzoncri a. Oliveri, O. 11, 172). -2. From 
pyromucic acid (20 g.) and Br (ill! g.) at 100 ’, the 
yield being 50 p.o. of tho theoretical (Ilill a. 
Hanger, A. 232,16 ; B. 10, 1130). 

Properties. —Pearly leaflets (from water); si. 
sol. cold water, cold benzono, and CHCl :t ; m. 
sol. alcohol and ether. Aqueous bromine forms 
fumaric, and the two di-bromo-succinie acids, 
and di-liromo-furfuranc tclrabromide 0,H. a Br,0 
[111°]. Dilute TtNOj produces maleic acid. 

Salts.—ICA'.—NaA'.—AgA'.—BaA'.laq (H. 
a. S.): pearly plates. S. (of BaA'.J 3*17 at 18°. 
—BaAVdUq (0. a. 0.).—CnA' s 3aq: clumps of 
prisms. "S. (of On A'.,) 1’07 at 20’. 

Ethyl ether EtA'. [17 ’]. (235 ’ i. V.). 

A mide 0,II a BrO a (NH..): [115“]; needles 
(from water). 

Tetrabromide G,II a Br 5 O a : [173’]; noodles 
(from HOAc). 

Di-bromo-pyromucio acids. Pyromucic acid 
combines with bromine forming a tetrabromide 
which when huiM with alcoholic NaOH forms 
a mixture of tvdi-bromo-pyrotnucie acids (Py 
and pF, (5)-broino-pyromucic acid and a tri- 
hromopyromucio acid (tho hitter from tetra* 
bromide of (5)-bromopyromucic acid present in 
the crude bromide). Tho calcium salt of the 
(j8S) acid is ppd. from diluto (1 in SO) solutions 
of the mixed acids by NH, and CaC! a . _ Of tho 
remaining acids, tho (5) acid is present in very 
small quantity, wliilo tho tii-bromo- acid is very 
sparingly soluble in hot water (Hill a. Sanger, A. * 
232, 07 ; B. 17, 1759; cf. Tunnies, B. 11, 1085; 
12, 1202; Ca‘..zoneri a. Oliveri, Q. I t, 177). 


Constitution .—(Hill a. Sanger, A. 232, 97). 
Uacyer has ju-oposod for py i jniucio acid 

HO == C - CO.,II IIO -0 CO a H 

(I) | >0 ’■ (II) || |>0 

W HC = CII HC—Oil 

(III) HO -0-C0 s H 
|X>0 


Phe two di-bromo-pyromucic acids would then b» 
BrC = C—CO,H BrC-C—CO. a H 


(la) I >0 
BrC = CH 


(Ila) 


HC 


I J>o 

1—OBr 


(Ilia) 


BrO— 0—CO a H 


J 2 a$° 


and 
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( 16 ) 


BrC- C—CO a H 

I >0 

HO ■= CBr 


« ( 116 ) 


HC-0-C0.H 
II l>0 
BrO-OBr 


(IH6) 


BrC—C—CO..H 

IX >0 ' 


IIC—CBr 


inasmuch as they are formed from the letra- 
bronftde l 

HCBr—CBr.CQH 

I >0 

HCBr—CHBr H 

by removing 2HBr. One of these acids pro¬ 
duces, on oxidation with IINO ; „ di-bromo- 
maleio acid, tlio.other gives mono-bromo-malei'c 
acid. Neither of the di-bromo-pyromucie 
acids derived from (II) could produeo di- 
bromo-malelc acid, heneo that formula is dis¬ 
proved. Formula (III) is unusual* in form. 
Assuming formula (I) (/3-)/)-di-bromo-pyromucie 
acid is represented by (fa) while its (BS)-isomo- 
ride is (lb), and (5)-bromo-pyromucic acid is 
CH = 0—COjII 

( >0 , since on oxidation it gives 

CH - CBr 

maleic acid, while (jS)-broino-pyromucic acid is 
CH = C- CO.,11 

| >0 sinco it may bo got by reducing 

CBr = CII 

either of tho di-bromo-pyromueio acids. It 
will bo noticed that in the preceding argument 
it has been assumed that tho bromo-pyromucie 
acids are similar in constitution to pyromucic 
acid itself. 

(0-y)-di-bromo-pyromucio *acid CJI.Br.O, 
[192°]. S. '21 at 20°. From tho tetrabromide 
of pyromucic acid and nlcoholio NaOlI (see 
above). Short prisms grouped concentrically 
(from benzene) or bulky feathery crystals (from 
water). Sol. alcohol or ether, m. sol. chloro¬ 
form, si. sol. CS 2 , boiling water ^or light petro¬ 
leum (Hill a. Sanger, A. 232, S*,* 

Reactions.—1. Dry bromine forms tri^iromo- 
pyromucic acid.—2. Bromine-vapour passed into 
an aqueous solution of tho acid forms tetra- 
bromo-furfurane, C 4 Br 4 0, [G5“J and a little of a 
body CJLlir_.0^,[89 0 ) (di-bromo-malc’ic aldehyde). 
8. Dilute HNO., on warming gives luucobromic 
and di-bromo-maleic acids.—4. Zinc-dust and 
NH, from bromo-pyromucie acid (129°]. 

• Salts.—AgA'.—NaA'2aq.~ KA'.—BaA' s 3aq. 
8. "35 at 20°.—CaA' 2 5aq. S. 1T7 at 29°. 

Ethyl ether. —EtA'. [68°]. M»sol alcohol. 

Amide C„HBr.,0,NH. i . [190°]. Slender 
needles (from dilute alcohol). Insol. CS 2 or 
light petroleum. Sl.’soJ. boiling water. 

(j38)-di-bromo-pyromucic acid C s H..Br a 0 3 
[168°]. S. "28 at 20°. Frofu pyromucic acid 
and bromine at 100“ (Hill a. Sanger, A. 232,73). 
Also from tho tetrabromide of pyromucic acid 
and alcoholic NaOH (see above). Small prisms, 
often in twins (from x^xter). Very soluble in 
alcohol, ether, and boiling chloroform, less in 
benzene, sparingly in CS, or light petroleum. 

Reactions. —1. Aqueous bromine in the cold 
forms bromo-mnleyl bromide.—2. Dilute HNO, 
forms bromo-fumario acid, bromo-maleio acid 
probably being an intermediate product of the 
reaction. 

Salts.—BaA',aq. S. '10at 10°.—CaA' 2 3aq. 
8. -30 at 17°.-AgA'.-NaA'2aq.—KA'. 


Ethyl ether EtA'. [68°). (271° i.V. with 
decomposition). V. sol. ether, chloroform, benz¬ 
ene, and boiling alcohol, m. sol. cold alcohol or OS,. 

Bromide— CjHBrjOj.Br. [40°]. (e. 154°) at 
24 mm. One of the products of the aotion of 
bromine upon pyromucic acid. 

Amide C,HBr,0,NII, [170°]. Silky needles. 

Tri-bromo-pyromucio acid C.Hilr.,0.,. [219°]. 
S. '072 at IT. From the tetrabromide of (S)- 
bromo-pyror'ueio acid and alcoholic NaOH (Hill 
a. Sanger, 232, 91). Some tri-bromo-fur- 
furane is also formed. Small needles united in 
clumps. V. sol. alcohol and ether, si. sol. chlo¬ 
roform or benzene, nearly insol. CS„ light petro¬ 
leum or cold water. , 

Reactions.— 1. Water and bromine formtetra- 
bromo-furfurano [04°], thus: C.llBr,0, + Br, 
= C,Br,0 -i CO. + IIBr.—2. Dilute UNO, forms 
di-bromo-niale'ic acid. 

Salts.—BaA',3aq. S. (of BaA',) ‘20 at 
20“.—CaA', 4aq. S. (of CaA'.) -50 at 20°.—AgA 
—NaA'aq. KA'aq. 

Ethyl ether IitA'. [104°). Ecctangular 
prisms (from alcohol). , 

Amide C i Br :1 0.,NH„. (223°J. Slender needles. 
Almost insol. CS 2 , light petroleum or water, 
m. sol. ether, chloroform or benzene, v. sol. 
alcohol. 

Hu-BROMO-PYROTARTARIC ACID 

C s H,BrO, i.e. CH,Br.CH(CO.JI).CH,.CO,n. 
Bromo-methyl-suecinie acid. [137°]. (c. 25(3 ). 
From itaconio acid and colic. TIBrAq at 0° (Beer, 
A. 210, 79; cf. Fittig, A. 188, 73; Swarts, If. 
1806, 722). Monoclinio crystals, v. sol. hot 
water. Boiling Nu a CO,Aq gives itaconio and 
itamalio acids; boiling water produces parueonie 
acid. • 

Ethyl ether Et z A". (270“-275°). 

Cifra-bromo-pyrotartaric acid CJI.BrO,. 
[118°]. From citraoonio anhydride and cone. 
llBrAq at 0°. Also from mesaconie acid and 
fumi.g HBrAq at 140“ (F.). Monoelinic crystals. 
Decomposed by heating alone or with Na,CO,Aq 
into methacj'ylic acid, CO-, and IIBr. The silver 
salt on healing with water at 130° gives off 
allylcne CHiC.ClI, (Bourgoin, 111. [2] 28, 459). 

Bromo - pyrotartaric acid C„H,Br0 4 [204°]. 
White prisms. Formed together with bromo- 
crotonio acid by tho action of Br on propane- 
tricarboxylic acid 011,-011(00,11).CH(CO,H), 
(<y. v.) (Bischolf a. Gutlizcit, B. 14, 010). 

Ifo-di-bromo-pyrotartaric acid C,,U,.Br.,0,. 
From itaconio acid, Br, and water (liekuld, A. 
thippl. 1, 339). Crystals, v. sol. water, alcohol, 
and ether. 

Reactions. —1. Sodium-amalgam reduces it 
to pyrotartaric acid. - 2. Moist Ag.O forms di- 
oxy - pyrotartaric acid. — 3. Boiling aqueouB 
Na,CO a forms aconic acid. 

Anhydride C 4 H 4 Br,0,« [50°]. Formed by 
adding Br to & solution of itaconio acid in 
, chloroform (Petri, *B. 14, 1037). 

Ctfra-di-bromo-pyrotartanc acid 
CO,H.CBr,.CHMe.CO,H. [150“]. 8. 133 at 13°. 
From citraconic acid and Br (Kekule, A. Suppl. 
2,86; Krusemark, A. 200,1). Groups of needles j 
v. e. sol. water, alcohol, and ether. Heated with 
water or aqueous Na. z CO, it yields propionio 
aldehyde, bromo-propionio aldehyde, bromo* 
mothacrylic acid, and IIBr.—CaA". 

Anhydride C^Bi-jO,. From oitraconio 
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anhydride and Br; formed also by heating the 
following acid with water. , 

Afesa-di-bromo-pyrotartaric aoid 
C0 2 H.CHBr.CBrMe.C0 2 H. [194°] and [204°]. 
S. 81*5 at 13°. From mesaconic acid and Br on 
warming (Kckull, A. Supph 2, 102 ; Fittig, 
A. 188, 86; 206, 1). Nodules. Heated with 
Na 2 C0 3 Aq it gives propionic aldehyde, two 
bromo-methacrylic acids, CO.,, and HBr. Ilooted 
with water it gives propionic alleliyde and 
bromo-citraconic anhydride. J 

Di-bromo-pyrotartaric acid [102J]. Formed 
by brominating pyrotartaric acid (Bcboul a. 
Bourgoin, Bl. [2] 27, 348). 

D^-bromo-pyrotartaric acid [128°]. From 
propane tri-car bo v’lic acid and Br (Bischol'f a. 
Emmert, B. 15, 1107). 

Tri-bromo-pyrotartaric acid C.H.Br.,0,. 
From pyrotartaric acid, Br, and water at. 120° 
(Lagermark, Z. 1870, 299). Hexagonal prisms; 
sublimes above 210°.—Ag.,A". 

TETRA-BROMO-PYROTRITARIC ACID 
C 7 H,Br 4 0 3 . Tetra - bromo - uric acid. [162°J. 
Obtained by exposing powdered dry pyrotrilaric 
acid to the vapour of dip bromine at the ordinary 
temperature. Large colourless crystals. V.sol. I 
alcohol, ether, acetone, acetic acid, chloroform, ! 
benzene, and OS 2 , insol. water and petroleuui- 
ofcher. The bromine is removed by alkalis and 
by aniline. By sodium-amalgam in slightly ■ 
acid solution it is reduced back to pyrotrilaric 
acid. By the action of an excess of bromine at 
100° it yields penta-bromo-pyrotritarie acid. 

Tetra - bromide C,H 1 Br ! ,0, : [130°]. 

Formed by dissolving telra-bromo-pyrotritaric 
acid in an excess of dry bromine. Small prisms; 
v. sol. acetic acid, si. sol. benzene, chloroform, 
and CSo, insol. water and ligroTn.* Decomposed 
by alkalis. Reduced to pyrotritalic acid by 
sodium amalgam (Dietrich a. Paal, B. 20, 1078). 

Penta-bromo-pyrotritarie acid 
C tt H.Br 4 0(C0 2 H). [c. 197°J. Obtained by heat¬ 
ing tho tetra-bromo-derivative with excess of 
bromino at 100”. White glistening crystals. 
V. sol. ordinary solvents except water and ligroin 
(Dietrich a. Paal, B. 20, 1082). 

TRI - BROMO - PYRROL - (a) - CARBOXYLIC 
ACID C 4 NHBr 3 (CO..II). Tri - bromo - (a) - car ho- 
pyrrolic acid. Long colourless needles. V. sol. 
alcohol, ether, acetone, si. sol. hot water, insol. 
petroleum-ether. The methyl ether is formed 
by bromination of the methyl ether of pyrrol- (a)- 
carboxylic acid. 

Methyl ether A'Mc: [21 O’ 1 ]. Long slender 
needles, v. sol. ether and hot alcohol, si. roP. 
benzene and petroleum-ether, insol. water (Cia- 
mician a. Silber, B. 17, 1153). 

Di-bromo-pyrrol di-carboxylic acid. Methyl 
ether C 4 NHBr 2 (C0.,Me)„. [222°]. From di¬ 

methyl pyrrol di-earboxylato and Br (Ciamician 
a. Silber, O. 17, 2#9). Long ^vliite needles; , 
in sol. water, sol. ether and liot alcohol. Con¬ 
verted by cold fuming UNO* into C 4 H,BrN0 4 
[c. 171°]. « 

BR0M0-PYRRYL METHYL KETONE 
CH 3 .CO.C 4 H 2 BrNH. Pseudo - acetyl - bromo - 
pyrrol. [108°]. Long colourless needles; ob¬ 
tained by bromination of pyrryl methyl ketone 
(Ciamician a. Dennstcdt, B. 16, 2351). 

Di-bromo-pyrryl methyl ketone 
CH g .CO.C 4 HBr 2 NH. [144°], white needles. 


Formed by bromination of pyrryl methyl ke¬ 
tone. 

Tri-bromo-pyrryl methyl ketone C fl H 4 Br a ON. 
[179°]. White silky needles. Sol. hot alcohol, 
ether, and aqueous alkalis, insol. water. Formed 
by the action of bromino upon pyrryl methyl 
ketone in aqueous solution (Ciamician a. Silber, 
B. 18, 1765). 

Penta-bromo-pyjryl methyl ketone 
GJI,Br 5 ON. [20(J 1 ]. Small white neoales. 
Formed by bromination of the tri-bromo-deriva- 
tivo dissolved in acetic acid (C. a. 8., B. 18, 
-1765) or of pyrrff methyl ketone (C. a. L>.). 

BROMO-PYRUVIC ACID G.Il.Br.O., i.e. 
CIioBr.CO.CO.,H. From pyruvic acid, Br, and 
water at 100° (Wichelluyis, B. 1, 265). Syrup. 

Di-broino-pyruvic acid CIIBr 2 .CO.C0 2 H. 
[91°] (W.); (93° J (C.). From pyruvic acid 
(15g.), waty (I0g.), and Br (45g.) at 100 ’ (Bot- 
tinger, B. 14, 1236; cf. Grimaux, lil. [2] 21, 
£31; Clermont, Bl. [2] 19, 103; Wislicenus, A. 
148, 208). Monoclinio efflorescent tables (con¬ 
taining *2aq); sol. water and ether. Baryta con¬ 
verts it into tartronic acid. Benzene and cone. 
Ii.S0 4 form CHBr.,.0(OTI)Pli.C() 2 l£ (Bottinger, 
B. 11, 1235). - Di-bromo-pyruvic acid (1 mol.), 
urea (1 mol.) and cone. IPSO, form di-bromo- 
pyruvureido C,HBr 2 N 2 0 2 ," wlieneo bromine- 
water forms tri-bromo-pyruvurin C,Br 3 N 2 0 3 H 3t 
a body which is decomposed by cold ammonia 
into bromoform and amnionic oxaluratc. Am¬ 
monia converts di-bromo-pyruvureide into di- 
bromo-pyruvuramide C,1I ,Br..N.,0 2 which is de¬ 
composed by boiling baryta-water into NH S , 
urea, HBr, tartronic acid, and amido-uracil 
C 4 H.,N a O v , (E. Fischer, A. 239, 185). 

Tri - bromo - pyruvic acid CBr.,.CO.C0 2 H. 
[90°J, [101°, hydrated]. Formed, together with 
| the. preceding, by brominating pyruvic acid 
j (Grimaux, Bl. [2J 21,390). Also from lactic acid 
and Br. Lamirho resembling naphthalene (con- 
I taining 2aq); si’, gol. cold water. Decomposed 
j by boiling waiSr into bromoform and oxalic 
: acid. 

| K thy l ether EtA'. [97 ]. Formed by add- 
i ing Br to a solution of lactic aoid in ether (Kli- 
: menko, J. R. 8, 125 ; Wislicenus, A. 143, 10). 

! DI-BROMO-PYRUVURAMIDE C,H.N 3 Br 2 0,. 

\ Di-bromo-pyvuramide. [170°-180 ]. From di- 
' bromo-pyruvurc'ide and couc. Nll ;( Aq in the cold 
; (Fischer, A. 239, 191). ''Slender needles (from 
| alcohol). V. sol. warm water, but slowly decom-* 
posed by-boiling wqter. Decomposed by boiling 
baryta-water‘into Nil,, urea, HBr and tartronic 
acid, another portion forming amido-uracil. 

DI-BROMO-PYRUVURpIDE C 4 fL,Br,N 2 0 2 . . 
Di-bromo-pyvurcidc. ‘’’rum di-bromo-pyruvio 
acid {q. v.), urea, and cone. II,SO, (Fischer, A. 
2Hi), 188). Granuil v crystals (from ITOAc), v. si. 
sol. alcohol, water, and acids ; sol. dilute alkalis. 
Decomposed by boiling alkalis. Decomposed by 
heat above 280°. Its ammonium and guanidine 
salts arc si. sol. water. * 

TRI-BROMO-PYRUVURIL ANHYDRIDE 
C ; ,H 3 Br 3 N 4 0 2 . Tri-bromo-anhydro-pyvuril. 
[180°]. Formed by heating tri-bromo-pyruvio 
acid and urea at 100° (Grimaux, A. Ch. [5] 
11, 373). Light needles (from water). 

TRI - BROMO PYRUVURINE C 1 H s Br a N 2 O a 
i.e. CBr 3 .CO.CO.NH.CO.NII 2 . Urelde of tri- 
bromo-pyruvic acid. Tri-brovio-pyvurine. [247°] 
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From di-bromo-pyruvureido and excess of bro¬ 
mine-water at 100° or JINO, (S.G. 1-4) (Fischer, 

A. 239,189)- Glittering plates, m. sol. boiling 
water and alcohol, ▼. si. sol. ether. Decomposed 
even by cold alkalis into bromoform and ammo¬ 
nium oxalurato. 

(B. 2J-BROMO - QUINOLINE CJf.BrN i.e. 
C„H 3 lir(O il HjN). Benz-b)omo-([uinoli}ic. (278‘). 
Liquftl. Volatile with steaVi. Prepared by 
heating ^>-bromo-nnilino witft glycerin, nitA)- 
benzeno and II.SO,; the yield is 80 p.o. 

Salts.—B'HCI: small Wi^to noodles.— 
(B'HCl) a l’tCl,: microsoopio needles (La Costo, 

B. lfl.OSS). 

Bromo-quino'ine C,H,BrN. (270°). Yellowish 
oil. Prepared by bromination oi quinoline. 
Perhaps identical with the preccding. 

Salts. — B’HCl: monoclinio prisms. 

(B’HClJjPtCl,; fino orange-red needle?. 

Methylo-iodide G,H,,BrNMeI. By the 
action of Ag.O on an aqueous solution of tho 
iodide, a strongly alkaline solution of tho hydrate 
is prodiuTil (C.,1 l (j BrXMcO 1 i); this is transformed 
on standing or wanning, by splitting off 11,0, 
into the much more stablo methylo-oxide. 

Methylo-oxide (0„II 8 BrNiIo),0. [147°]. 
This is also formed by the action of KOH on tho 
iodide. Colourless needles. Soluble in hot alco¬ 
hol, sparingly in cold, very slightly soluble in 
water and ether. Combines with acids very 
slowly (La Costo, B. 14, 915; 15,188). 

-CBnCII 

(Py. 1 or 2)-Bromo-quinoline i 

'N : CH 

,CII:CBr 

or CJI,^ I . (274°uncor.). Formed, to- 
: CII 

gether with propyl bromide, propylene bromide, 
quinoline hydrobromide, d'C., by heating the 
propylo-bromido of quinolineHi-bromido to 
170' , -190°. Prepared by boating to 180° tho 
hydrobromide of quinoliiif* di - bromido: 
q s H,Br,N,HLlr =. C„II„BrN,HBr + IIBr; tll^quino- 
lino-di-bromido is formed by tho action of bro¬ 
mine on an ethereal solution of quinoline. Oil of 
aromatic smell resembling quinoline. On oxida¬ 
tion with KMnO, it yields oxaloxyl-anthranilic 
acid C„H,(C0 2 1I).NH.C0.C<LH and bromo-pyri- 
dine-di-carboxylic acid C,H 2 BrN(C0 2 H) 2 . 

Salts.—B'HCI: nealles or tablos; sublimes 
without melting.—B'HBr: foursided tables or 
prisms; Bublimos at c. 100“ without melting; 
sol. alcohol, si. sol. cold *vater.#-IfHN0 1 “: 
[180° uncor.]; small concentric prisms.— 
.BjHjSO,* : [183° uncor.]; small needles; dis¬ 
sociated by water.—B’lf^Cr.,0,: [145°]; sparingly 
solublo flat yellow prisms (from hot water).— 
B'jHjCl.PtCl,: small orangc*ycllow needles.— 
B' 2 AgNO, : [173°]; noodles (Claus a. Col- 

lisohonn, B. 19, 2703). 

(B.l:4)-Di-bromo-quinoline 

{a)-I)i-bromo-r[uinolme. 

r Formation. —l.By bromination of quinoline by 
heating the hydrochloride with bromine at 180° 
(La Coste, B. 14, 917 ; 15,191).—2. By heating 
di-bromo-aniline [1:4:5] with a mixture of glyce¬ 
rine, nitrobenzene and H a SO, (Metzger, B. 17, 
186). 

Propertiei. —Distils without decomposition. 
Volatile with steam. Long white needles. Almost 


insoi. water, v. sol. alcohol, ether, benzene and 
aqueous acids. 1 * 

Balts. — B'HCI: small needles. — 

B'jH.CljPtCl,: fine yellow needles.—B' a H a 0r 3 O, t 
orange-red microorystalline powder, decomposed 
by water into the base and CrO,. The piorate 
forms long yellow noodles, decomposed by water. 

Mcthylo-iodide B'Mel: Slender red 
needles. Soj ; . hot water, insol. ether and coidi 
alcohol. j. 

Methylo-oxide B'.Mo.O. Formed by the 
action of NaOH on tho iodide. Mioroscopia 
needles. 

(B. 2,4)-Di-hromo-quinoline CJLBr,(0,TLN). 
[101°]. Slender colourless needles. Volatilises, 
undecomposr-d. Formed by heating di-bromo- 
aniline with glycerin, nilrobenzeno and H..SO.. 
(B'HClJjPtCl, (La Coste, B. 15, 659). 

Di-bromo-qninoliae (probably B. 2 : Py. 1) 
C„H,Br a N. [124 J uncor.] Formed by tho action 
of bromine (2 mols.) upon quinoline-(B. 2)- sul- 
phonio acid (1 mol.) in cold aqueous solution. 
Long colourless needles (from ether). Subli¬ 
mable. It is oxidised *by KMnO, to brorao- 
pyridine di-carboxylic acid [105°] (Claus a. 
Kiittner, B. 19, 2884). 

Di-bromo-quinoline tetrahydride 0„II,Br 2 N. 
[66° uncor.]. Formed by reduction of tetra- 
bromo-quinolinowith sodium amalgam. Colour¬ 
less tables. Volatile with steam. Sol. alcohol 
and other, insol. wator. 

Salts.—B'HCI: [75°], acicular crystals.— 
(111 101)BlCl,2aq : yellow crystalline powder.— 
B'IINO. 1 : [189°]: prisms. — B'H,SO,: white 
plates, decomposes at 216° uncor.— BTLC,0,: 
colourless tables, decomposes at 171“ uncor. 
(Claus a. Istel,*B. 15, 822). 

Tri-bromo-quinoline C„H,Br.,N. [170 ’ uncor.]. 
Formed by tho action of bromine (3 mols.) upon 
an aqueous solution of quiuolino-(B. 2)-sul- 
plionjo acid (1 mol.) at 100°. Long silky 
needles. SI. sol. cold ether (Claus a. Kiittner, 
B. 19, 2885). 

Tri-bromo-quiuoline C,,II,Br,N. [175°]. From 
quinoline and Br (Lnbavin, A. ioS, 318). Silky 
needles; v. sol. hot alcohol. Possibly identical 
witli tire preceding. 

Tri-bromo-quinoliaoCJI.BrjN. [198° uncor.]. 
Formed by tho action of bromine upon an aque¬ 
ous solution of quinoline-(B. 4)-sulphonio acid 
at 100°. White felted silky needles. V. sol. 
ether and hot alcohol. Sublimable (Glaus a. 
Siittnor, B. 19, 2882). 

Tetra-hromo-quinoline C„H.,Br,N [119° 
uncor.]. Long colourless needles or thick 
prisms. Insolublo in water. Formed by bro¬ 
mination of quinoline in CS, (Claus a. Istel, B. 
15,820). 

Hexa-bromo-qninolinc C,pBr„N. [90°]. From 
pyridino (2,3)-df-carboxylic acid, Br, and water 
(Wcidol, A. 173, 95). Needles (from alcohol). 
Bednqpd to quinoline by sodium amalgam. 

(B. 4)-BR0M0-QUINOLINE IB. 1)-CAR. 
B0XYLIC ACID C„H a BrN(COpi). [275°]. From 
bromo-amido-benzoio acid O s H,Br(NH,).CO^H 
[1:2:4] (tOg.), glycerin (22-5g.), o-nitro-phenol 
(Gg.), and H,SO, (20g.) by heating for 6 hours at 
160° (Lelimann a. Alt, A. 237, 813). White 
powder, v. si. sol. water and ether, si. sol. hot 
alcohol. Salt—(HA'JftPtCl^aq. 
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WJBSOMo.a®nrouira.|uiPHONio acid 

C t H t (Br)N(SO I H). S. *08 a* 82°; -9 at 10b°. 
Bhcrt thin needles.’ SI. sol. alcohol. Formed 
together with the /3-acid bysulphonatingbromo- 
quinoline. 

Salts.— A'.Mn 4aq: email yellow needles.— 
A'Ag: spangles or needles.—A'K: short prisms, 
S. 1*37 at 17°.—A'NH,* : felted needles.—A'Jia: 
nearly insoluble crystalline pp.—A'.Mg 10aq : 
colourless plates. - A'.,Xn 4aq : tliinrJj colourless 
needles (La Coste, B. 15,1910). ij 
(3)-Bromo-quinoline-sulphonio a id 
0,H,N(Br)(S0 3 H). S. *15 at 2*2°; 2*75 ai 100°. 
Short thick needles (containing aq). Formed 
togetjjor with tho (a)-acid by sulphonation of 
bromo-quinoline. 

Salts.—A'KIJaq: large tables, S. 17*25 
at 22°.—A'Ag: colourless needles.—A'.Ba2aq: 
sparingly soluble needles.—A'._.Mg9aq’: small 
needles.—A'jZn9aq:six-sidedtables.—A'.,Mn0aq: 
colourless tables (La Coste, B. 15, 1915)'. 

BROMO-QUINONE C„TI :1 Br0 2 . [50°]. Formed 
by oxidising bromo-hydroquinonc with Fe^Cl. 
(Sarauw, A. 209, 106). Groups of needles, v. sol. 
alcohol, ether, and benzene, si. sol. hot water. 
Ammonia gives a green colouration, turning 
black on worming. 

Di-bromo-quinone C„H,Br,0... [183°]. Formed 
by oxidation of di-bromo-hydroquinono (S.; 
lienedikt, M. 1, 316). Small golden crystals, 
insol. water, sol. alcohol, ether, and benzene. 
Boiling KOFfAq gives di-bromo-di-oxy-quinone 
(dibromanilic acid). 

Di-bromo-quinone C B H..Br 2 0 2 . [76°]. 

Formation.— Di - bromo - p - diazo - phenol, 

C,H 2 Br 2 <^^ is converted by a boiling solution 

of calcium chloride into di-bromo-bydroquinone, 
C„lI,Br 2 (OH) 2 . This solution is mixed with 
FeaCIa and distilled, when tho quinono passes 
over. Tho yield is small. 

Properties. —Long, extremely slender needles, 
sol. in alcohol, ether, CHCI 3 , CS 2 , benzene, and 
alkalis. Pungent. May bo sublimed (Bohmer, 
J. pr. 132, 465). 

Di-bromo-quinone C B II.Br 2 0 2 . [122°]. From 
tri-bromo-plienol and fuming HN0 3 at 0° (Levy 
a. Schultz, A. 210,158). Yellow lamina) (from 
dilute aleohol). 

Di-bromo-quinone ? (88'-]. From qucrcite 
and HBrAq at 160° (Prunier, A. Ch. [5] 15,67). 
Three di-bromo-quinones are indicated by theory. 

Tri-bromo-quinone C # HBr 3 0 2 . [147°]. Formed 
by oxidising tri-bromo-hydroquinone in diluto’ 
alcoholic solution (Sarauw, A. 209,120). Golden 
leaflets (from alcohol) ; sol. alcohol, ether, and 
benzene. Alkalis give a green colouration, 
followed by separation of red prisms. Boiling 
oono. NaOlI gives di-bromo-di-oxy.quinono and 
tri-bromo-hydroquinene. A tri-bromo-quinone 
[108°] is got by heating queroite with HBr (P.). 
A tri-bromo-quinone is also for&ed by reduction 
of tetra-bromo-quinono (Stenhouse, A. Srppl. 
8,20; cf. Herrmann, B. 10,110). 

Tetra-bromo-quinone C„Br,0 2 . Bromanil. 

Formation.— 1. By treating phenol with Br 
and 1 (Stenhouse, G. J. 23, 10).—2. By boiling 
piorio aoid withBr and water (Stenhouse, A. 91, 
807).—8. From quinone and Br (Sarauw, B. 12, 
#80, A. 209,126).— 4. Aproduot of the action of Br 


and water on benzoio acid (Hflbner, A. J43,266), 
and on protelds (Hlasiwetz a. Habermann, A. 
159, 820).—5. From tri-brcJno-phenol and HNO, 
(Losanitsch, B. 15, 474).—6. From di-oxy-di- 
hydro-terephthalio (sucoinylo-sucoinio) aoid and 
Br (Herrmann, A. 211, 341).— 7. From (1,3,5,4)- 
bromo-di-nitro-phcnol by heating with Br (Ling, 
C. J. 51,147). 

Properties ,—Golden lamina) (from HO^o); 
sublimes as sulp^ar-ycllow crystals. Insol. 
water, m. sol. boiling alcohol, si. sol. ether. 
lIIAq reduces it ( to tetra-bromo-liydroquinone. 
Potash forms a greenish-black solution turning 
purplo. * 

Tetra-bromo ori/io-quinone C.Br^O.j 
[1:2:3:4:5:6]. [151°]. Obtained by oxidation of 
tetra-bromo-pyrocatechin in acctio acid solution 
with HN0 3 . It can also be prepared directly 
from pyroc-ytechin by adding bromine (10 to 
12 pts.) to a boiling solution of the latter (1 pt.) 
in acetic acid (20 pts.). Dark-red thick prisms, 
tables, or transparent plates. V. sol. alcohol, 
ether, acetic acid, and benzene, si. sol. petroleum 
spirit. It is a powerful oxidising agent, being 
readily reduced to tetra-bromo-pyrocatcchin. 
With aniline it gives a compound which crystal¬ 
lises in bluish-black glistening plates or thick 
needles ri73°] (Zincke, B. 20, 1770). 

DI-BilOMO-QUINONE-CHLORIMIDE 

/NCI 

C u H 2 I3r.X^ [80°] Long yellow 


prisms. Prepared by adding a solution of 
chloride of lime to an acidified solution of di- 
bromo-amido-phenol [2:6:4:11 (Mohlau, B. 1G, 
2845). 

DI-BR0M0-QUIN0NE-PHEN0L-1MIDE 

N /CJI..OH 
j \C () H 2 Br,.0 [4:2:6:!]. 


Formation .—j. By adding di-bromo-quinone 
chlorimido to an^kaline solution of phenol.— 

2. By oxidising an alkalino solution of di-bromo- 
amido-pAenol [2:6:4:lj and phenol with K 2 Cr 2 0 7 . 

Properties .—Dark red prisms with metallic 
reflection. Sol. alcohol, ether and acetic acid 
with a magenta-red colour; insol. water. 

Reactions. — On heating with HC1 it is split 
up into quinone and di-bromo-amido-phenol. 

On reduction it yields di-bromo-di-oxy-di-phenyl- 
ammo HN<£j‘jl*jOH^, 

Sodir. m quit C/JI s Lir_OX(ONa): long blue 
prisma with golden-green reflection. Soluble in 
water and alcohol with a blue colour. Heated 
with an excess of aqueous N >011 thu blue colour 
changes to red, but rcappe ,rs on cooling (Mohlau, 

B. 16, 2815). 

BR0M0-RES0RCIN C s H 3 Br(OH) r [91°). 
Formed by boiling hromo-di-oxy-benzoic acid 
with water for some hours (Zelientcr, M. 8,293). 
Groups of needles; v. soj. water and ether, m. 
bbl. alcohol. FOjCl. colours tho aqueous solu¬ 
tion bluish-violet, a red pp. being subsequently 
formed. Heated with water, K 2 CO„ and SnCl. ' 
it gives resorcin and di-oxy-benzoio aoid. 

Bromo-resorcin. Di-propyl derivative 
0 c H 3 Br(0Pr) 2 . [71°]. Formed by brominating 
di-propyl-resorcin (Kariof, B. 13,1679). Colour¬ 
less silky needles; may be sublimed. V. ,ol. 
alcohol and HOAc; si. sol. water. 



BROMO-RESORCIN. 


Di-bromo-resoroln C,H a Br a (OH) a . [93°]. 
Formed, together with ‘ di-bromo-mono-resor- 
cin phthaleSn,’ by Seating tetra-bromo-fluo- 
rescefn (eoain) with dilute NaOHAq at 140° 
(Baeyer, A. 183, 67; Hofmann, B. 8, 64). 
Formed also by boiling di-bromo-(l,3,2)-di-oxy- 
bonzoic acid with water (Zehentcr, M. 2, 478; 
8, 293). Needlea (from water); m. sol. hot 
watgr, v. c. aol. alcohol and fther. Fo 2 C1, gives 
a transient violet colour. \ 

Di-mctlii/l ether C,H 2 Br a (OMe) 2 . [l(l°J. 
Slender needles. Insol. water, sol. alcohol 
and ether. Prepared by br&nination of the 
dimethyl-ether of resorcin (Tiemann a. l’arri- 
sius, B. 13, 2366 ; cf. Honig, B. 11,1041). 

Di-bromo-resorcin ,0„lI s Br 2 (0Il) 2 . [112"). 

From Br and resorcin in CS., (Zehentcr, ill. 8, 
293). Colourless needles (containing aq) (from 
water); m. sol. hot water. Fe 2 Cl a j$ : ves a bluo 
colour followed by a dark pp. 

Tri-bromo-resorcin C„liBr,(OH).. [104°J 
(Typke, />'. 10, 1678). From resorcin, Hr, and 
water (Hlasiwctz a. Barth, A. 130, 367), or Br, 
and IIOAc (Bencdikt, 111. 4, 227). Formed also 
by heating penta-bromo-rcsorcin with aldehyde 
or formic acid (Claassen, J>. 11, 1139). Small 
needles ; si. sol. water, v. sol. alcohol. 

Mono-acetyl derivative 
C rt TlBr :l (OH)(OAc). [114°]. From mono-acelyl- 
rcsorcin and lir (C.) ; sol. hot water. 

Di-acctyl derivative C„HBr 3 (OAc).,. 
fl08°J. From ponta-bromo-rcsorcin and Ac.O. 
Sol. hot water. 

Mono-methyl cllier C„HBr,(OH)(OJIo). 
[104°]. From mono-mcthjl-resorcin and Br. 
Slender white needles, sol. alcoliol and ether, 
insol. water (Tiemann a. Parrisius, B. 13, 2304). 

Tetra-bromo-rosorcin C,.lir^OIIV,. [103']. 
(C.); [167'] (B.). Formed by treating penta- 
bromo - resorcin with H„SO, (Claassen, Jt. 11, 
1410; Bencdikt, M. 1, 36(1).' Small needles 
(from alcohol). ' 

Di-acctyl dcrivat ivf C 6 Br,(0Ac) 2 . 
[ICO 0 ]; v. sol. hot water. # 

Penta - bromo - resorcin C,Br,(OIll(OBr) ? 
[114°]. Formed by adding an aqueous solution 
o£ resorcin to a cooled mixture of Br and water 
(Stenhouso, A. 103, 18-1). Dimetric crystals, 
a:c s* *0070:1. V. si. sol. water. Alcoholic 
AgNO., pps. more than two-thirds of its Br. At 
1G0‘ J it splits up into r bromine and tri-bromo- 
*rcsoqninono C u MBr.,0 2 (Licbormaun a. Dittlor, 
B. 5, 1000; A. 101), 200). .Converted into tri- 
bromo-resorcin by cone. HI, 11..S* SnCl a , warm 
alcohol, aldehyde, or formic acid (Benedikt, M. 
1,351; Claassen, 11, 1133). Boiling Ac./) 
gives di - acetyl - tri - ty omo - resorcin. Aniline 
forms tri-bromo-aniline and # tri-bromo-resorcin; 
phenol acts similarly (Benedikt, B. 11, 21(i8). 
Boiling dilute KOH produces bromoform. 

Hexa-broino-resorcin C G Br,(OBr). 2 ? [130°]. 
S.G. 152 3188. Prepared by beating tetra-bromo- 
resorcinol with excess fcf bromine. Monoclini* 
crystals: a:b:c «•983:1:H>S7; $ -85°36'. Decom¬ 
posed by alcohol forming tetra-bromo-rcsorcin 
(Benedikt, M. 1, 365). 

TRI-BROMO-RESOQUINONE C a IIBr :( 0 2 or 
O^H^Br^Op Formed by heating penta-bromo- 
resorcin at 160° (Licbermann a. Dittlcr, B. 5, 
1090). Orange needles; insol. water, v. sol. 
alcohol and other. At 230° it gives off Br 


leaving amorphou 1 O.jHjBr.O.. Reduced by 
Sn and HOI to tdtra-bromo-tetra-oxy-diphenyl 
(Bencdikt, M. 1, 830; B. 11, 2170). 

DI. BROMO - RESORCIN - PHTHALElN go. 

called 0 11 H,Br J O s i.e.COjH.O s H,.CO.C,HBr 2 (OH), 
Di-bromo-di-oxy-benzoyl-benzoic acid. [220°}. 
Formed, together with di-bromo-resoroin, by 
heating tetra-bromo-fluoreseein with diluto 
NaOHAq (liacyer, A. 183, 66). Plates, v. gl. 
sol. water. I’ 

BROMOiRETENE v. Retene. 
BR0M0(RICINELAIDIC ACID C,„H 33 BrO,. 

From the dibromhlo of ricinelaidio acid and 
alcoholic KOH. Oil. Alcoholic KOH forms an 
acid [71°) (Ulrich, Z. 1867, 549). 

BROMO - RICINOLEIC \CID C [S H 3 ,^rO,. 
From ricinoleic acid by successive treatment with 
Br and nlcoholio KOH (Ulrich, Z. 1867, 646). 
Oil; converted by alcoholic KOH into ricin- 
Btcavolic acid 0„n 32 0 3 . 

Di-bromo-ricinoleio aoid C IR H S2 Br 2 0;,. From 
ricinstcarolio aoid and Br. Oil. 

BROMO-ROSANILINE v. Rosaniline. 
TETRA-BROMO-ROSOLIC ACID G 2l l[,,Ilr 1 0 3 . 
From Br and rosolic rwiid in HOAc (Graobo a. 
Caro, A. 179,201). Lustrous green plates, insol. 
water. Its alkaline solutions aro violet.—A"Ag a : 
dark violet pp. 

Ethyl ether A"Kt.: [110°-115°], soluble 
in alcohol, ether, and benzene, insoluble ill water 
(Ackcrmann, B. 17, 1627). 

BR0M0-R0S0QUIN0NE C la H.Br,0. i.t. 

C„H a Br a —O . 

| I (?). Red and steel-blue crystals. 

CJI a Br a -0 

Prepared by the oxidation of tctra-bromo-phenol- 
phthaloin (5 pis.) dissolved in i I SO, (250 pts.) 
with a mixture of UNO, (5 pts.) and H„SO. 
(50 pts.). 

Bromo-rosohydroquinone C.JLBr.O.. i.e. 
C,H a Br„.OII 

| (?). Tetra-bromo-di-oxy-diphenyl. 

C„H 2 l>r a .OH 

[264°J. Sublimable. Prepared by the reduo- 
lion of the corresponding quiuono (Baeyer a. 
Schraube, B. 11, 1301). 

BROMO-SALICYLIC ACID u. Bromo-O-OXY- 

BENZOIC ACID. 

BROMO-SALICYLIC ALDEHYDE v. Bnowo- 

0-oxY-nr:NZ0ic aldehyde. 

BROMO-STEARIC ACID C, s II ;ls BrO a . [41°]. 
S.G. ■" 1-0053. From stearic acid (7 pts.), 
bromine (4 pts.), and water at 135° (Oudonians, 
J.pr. 89, 195). Crystalline mass, insol. water, 
V. sol. alcohol and ether. The silver salt heated 
with water forms stoaridic aoid C„H,,O a . 

Di-bromo-stearic acid C l8 H 3 ,Br 2 0 2 . From 
oleic acid and Hr (Overbook, A. 140, 42). Oil. 
Alcoholic KOH forms bromo-olci'c and stearolio 
acids. Moist Ag 2 0 gives oxy-olcio acid C, s H al O, 
and di-oxy-steqric acid C„,Jrt.,„0.,. 

Di-bromo-stearic acid C„H 31 Br a O a . [27°]. 
From elaidic aciir and Br. Reduced to elaidio 
aciddiy sodium amalgam. 

Tri-bromo-stearic aoid C, B H M Bi\,O a . From 
bromo-oleio acid and Br. Oil. 

Tetra-bromo-stearic acid C| S H ta Br,O a . [70°] 
From stearolio acid and Br. Laminto (from 
alcohol). 

BROMO-STILBENE v. Bbomo-ei phenyl* 

ETIULENE. 



BROMO-SUOOINIO ACID. 


BBOMO-STRYCHNINeV. Strychnine. • 

w.BBOMO - STYRENE \ C*H 7 Br i.o. 
0 6 H s .0H:CHBr. Bronio-phenyl-ethylene. Formed 
by boiling styrene dibromide with alcoholic 
KOH or by heating it with water at 190° (Glaser, 

A. 164,168; Eadziszewski, B. 6, 493). Heavy 
pungent oil; decomposed by distillation. Con¬ 
verted by heating with water intolphenyl-acctic 
aldehyde (Erlenmeyor, B. 14, 323)f 

a - Bromo - styrene CJT .CBrfclL. [7°1. 

(220° i.V.). F 

Formation. —1. From styrene libromido and 
alcoholic KOAc at 160° (Zinckc, A. 216, 290).— 
2. By boiling a/3-di-bromo-phonyl-propionic acid 
wiflh water (Bavi-eh, J. p>\ [2J 20, 179; Filtig 
a. Binder, A. 195, 141).—3. From bromo-oxy- 
phcnyl-propionic acid and water at 200° (G.). 

Properties. — Oil, with pleasant odour of 
hyacinths. May be distilled. Does not readily 
give up its Br. Converted into acetophenone by 
heating with wator at 180° (Friedel a. Balsohn, 
Bl. [2] 32, Old). 

Di-bromo-styreno CJIJIr.,. (234°). From 
tri-aro-bromo-/3-pheny4-propionie acid and water 
at 100° (Kinuieutt a. Palmer, Am. 5, 381). Oil. 

Tri-bromo-styrene C K II-Br v From the pre¬ 
ceding and Br. Oil (K. a. P.). 

BROMO-STYRENE DIBROMIDE n. Di-ruomo- 

ETIIYL-miXZKNK. 

BROMO - SUBERIC ACID C (i II„Br(COJI).,. 
[103°). Prepared, togethor with di-bromo- 
suberic acid, by tho action of bromine and 
phosphorus on suberic acid. Crystalline 
powder. Sol. alcohol and ether. By alcoholic 
KOH it gives subercouic acid (Ganttncr a. 
Hell, B. 15,142). 

Di - bromo - suberic acid u*JI 10 Bi\.(CO.,H) 2 
[173°]. Formed by bromination of n-suboric 
acid. Glistening needles. V. sol. alcohol, ether, 
and hot water, v. si. sol. benzene, chloroform, 
ligroin, and cold water. By heating with alco¬ 
holic KOH it gives di-ethoxy-suberic acid to¬ 
gether with a small quantity of subercolic acid 
C b H b (CO.,H)., (Hell a. llempel, B. 18, 813). 

BROMO - SUCCINIC ACID CJi.BrO., i.c. 
CO..TI.CH,.CHIJr.COJI. [ICO 0 ]. S. 192 at 
16-5°. 

Formation. -I. By heating succinic acid 
5g.) with Br (2A- c.c.) and water (40 e.c.) at 120° 
'Kcknl6, A. 117, 125; Carius, A. 129, 6; Hell, 

B. 14, 892).—2. From succinic acid (5g.), Br 
(2£ c.c.) and chloroform (5 c.c.) at 160° (Orhnv- 
sky, J. li. 9, 277).—3. From succinic ether mul 
Br (Schacherl, B. 14, 637).—4. By the action of 
IiBr on fumaric, tartaric, malic, and racemic 
acids (Kekul6, A. 130, 21; Filtig, .4. 188, 88; 
Anschutz a. Bennert, B. 15, 613). 5. By de¬ 
composing its bromide with water (Volluvrd, 

A. 242,153). # 

Properties .—Small prisms, 1. sol. water. Its 
silver salt rapidly decomposed Moist Ag„() gives 
malic acid. Sodium-amalgam produces succinic* 
acid. Boiling water slowly forms fumaric acid. 

Anhydride C 4 H 3 BrO ;) . [31°]. (137°) at 

11 mm. From the acid and AeOl at 100° (A. a. 

B. ). Decomposed by heat into IiBr and maleic 
anhydride. 

Methyl ether Me,A". (c. 134°) at 30mm. 

Ethyl ether EtjA". (226°). Inflames the 
|kin. Cold aqueous or alcoholic NH 9 convert 

Vo*. J. 
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it into fumaramide. Aqueous NH a at 110° 
gives asparagine (K6mer a. Menozsi, G> 17, 171). 

Bromide C,H ;J Br((to i .Br) a , Formed by 
adding Br (1100 g.) gradually to a mixture of 
succinic anhydride (300 g.) and amorphous P 
(36 g.) (Volliard, A. 242, 151). 

s-Di-bromo-succinic acid 
CO,H.OriBr.CHBr.CO,II. 8. 2-04 at 100°. 

Formation. . ’ By lieating succinitf acid 
(12 g.) with Br (11 c.c.) and water (12 c.c.) at 180° 
(Kokule, A. 117, 123; Suppl. 1, 131; Bourgoin, 
Bl. [2J 19, 1181 2. From fumaric acid and Br 

(Iv.; Bacyor, ±f. 18, 670). 

Properties. — Opaque prisms, si. sol. cold 
water, v. sol. alcohol ami ether. 

Reactions .—1. Sodium amalgam reduces it 
l" succinic acid.—2. Boiling water converts the 
sodium salt into hydro-sodic broino-malate, the 
Ba salt fhto hydro-baric bromo-maieato and 
barium racemate, tho silver salt into inactive 
tartaric acid, and tho acid itself into IiBr and 
bromo-maloic acid.—3. Water at 140° gives iso- 
hroino-maleic acid.—1. NTT., gives bromo-amido- 
suceinic acid.—5. Reduction in acid solution 
gives fumaric acid (Ossipoff, Bl. (2J 34, 346).— 
6. Heating with thio-ure.a gives fumaric acid 
(Ncncki a. Siebcr, J. pr. [2J 25, 79). 

Salts. — (NIIJ,A". — Na 2 A" iaq. —Ag,A". — 
CaA" 2aq. 

Mono-methyl ether MoIIA": decomposes 
about 215°.—NaMeA" 4aq (Claus, B. 15, 1844). 

Mo no-ethyl ether KtTIA" [275°]. — 
KEtA" 1 laq. NaEtA" 2aq.—AgEtA" Uaq (C.). 

Methyl ether Mo 2 A". (62’J. Mono-sym¬ 
metrical crystal... Prepared by the action of 
bromine on methyl fumarato. 

Ethyl ether Et 2 A". [58°]. (K.; A.); [68°] 
(Lehrfcld, B. 14, 1820). lthoml>io crystals. 
Prepared by tho action of bromine oa ethyl 
l'umarate. On heating to 170 J it decomposes 
into bromo-m-ilei'c ether and IiBr (Anschutz, 

B. 12, 22' J i Anilino converts it into 

C, TI/Nl‘hH),(C0 2 Et). [145°] (Lopatino, C. R, 
105, 2o0). 

Methyl-ethyl ether MeEtA" [03°] (C.). 

Chloride C,lI 2 13r 2 0 2 Cl 3 [63 } J. From Br 
and succinyl chloride or fumaryl chloride 
(Perkin a. Duppa, C. J. 13, 102 ; K.). 

Amic acid COJI.GJLBr,.CO.NH 2 . Un¬ 
stable crystals (C. ; M'chael a. Wing, Am. 0, 
421). 

Anilide (?) 

NITPh. Jt> CHBr CHBr.CO.NHPh. Prom the 
anilide of fumaric acid and bromine (Anschutz 
a. Wirlz, .4. 239, 138; Am. 9, 240). Whito 
powder, does not melt, Iv'ow 300°. 

Phcnyl-imidcY Ph:(C..0 2 ):C 2 TT 2 Br 2 . [169°]. 
From the pho.n) ! imideof maleic acid (maloanil) 
in chloroform by adding Br (A. a. W.). 

Iso- (or alio )di-bromo-succinic acid 

>CIIBr—C(OH) a 
C0 2 lI.CII 2 .CBr 2 .C0 H or C >0 

'CHBr - CO 

(cf. Anscbiitz, A. 239, 181). (160 J J. 

Formation. —1. From maleic acid and Br 
(Kokul6, A. Suppl. 2, 89).—2. Together with its 
isomerido, by heating bromo-maleio anhydride 
with HBr, or succinic acid with water and Brat 
140° (Franchimont, B. 6, 199; Bourgoin, B. 6, 
624).—3. From (5)-bromo-pyromucic acid, Br. 
and water (Hill a. Sanger, 4.232, 63). 
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Biiomsuccmo acid. 


Preparation.—By dissolving its anhydride 
In water (Pictet, B. 1 j, 1670). 

Properties.— large orystals; more soluble in 
water wan its isomeride. At 180° it gives oB 
HBr, bromo-fumario acid being formed. 

Reactions.—1. Boiling water converts the 
aoid and its Ba salt into bromo-male'ic acid, but 
the£g salt into racemio ac£d.—2. Moist Ag.O 
gives pyruvic acid (Beilstcin'a. Wiegnnd, B. J.5, 
1499).—3. Sodium amalijam produces sucoinio 
acid. 

The Di-methyl ether ff,"Mo, and the 
Di-ethyl-ether A"Et 2 are oily liquids, insol. 
water (Pictet, B. 18,1670). 

Anhydrite C z H 2 Bj: 2 .C ? 0, [32°]. Prepared 
by heating malei'o anhydride with bromine at 
100° (Pictet, J3.13,1609). Colourless tables. Has 
a great affinity for wator, with whifh it forms 
iso-dibromo-succinic acid. On heating to 100° it 
evolves HBr forming bromo-maleic anhydrido. 

Tri-bromo-succinic aoid 

C0 2 H.CBr 2 .CHBr.C0 2 H. [137°]. From bromo- 
maleic or bromo-fumaric acid and lir (Petri, A. 
196, 69). Deliquescont needles; boiling water 
converts it into di-bromo-acrylic acid. 

BBOMO-SULPHIBENZOIC ACID 
C„IIjBr(S0 2 H)(C0 2 I1) [4: 2 or 3 :1], (238°-215°). 
From C 2 H,Br(S0 2 Cl)C0 2 H by treatment with 
alcohol and zinc-dust (C. Biittinger, A. 191,24).— 
BaA".—BaH. 2 A" 2 2aq.—CaH.,A" 2 8aq. 

BBOMO-SULPHI-BENZOIC ALDEHYDE 
C,H,Br(S0 2 H)ClI0. [131°]. Ono of the pro¬ 
ducts got by reducing, by zinc-dust and alcohol, 
the mixturo of chlorides got by acting on 
0,H,Br(SOjNa) (C0 2 Nr) by PCI,. It is formed 
from C 6 HBr(S0 2 Cl)(C0Cl) present in the mix¬ 
ture. Salt.—BaA'jBnq. 

BBOMO-SULPHO-BENZOIC ACID 
C,H,Br(S0,H)(C0 2 H) [2:3or5 :1J. From the 
corresponding bromo-tolueno sulphonio acid by 
chromio mixture (Betsohy, A. 169, 45).— 
KHA"|aq.—BaA"2aq.—PbA'^aq. 

Bromo-sulpho-benzoio acid 
C,H„Br(S0 2 H)(C0 2 H) [1:3:5]. From m-bromo- 
benzoio acid and SO, (Hiibner a. Upmann, Z. 
[2] 6, 295; Bocters van Lennen, Z. [2] 7, 67; 
Bottinger, B. 7, 1779). Delicate deliquescent 
needles. Potash-fusion converts it into s-di- 
oxy-benzoio acid. 

Salts.—NaHA". — Ag.A". — CaA" llaq.— 
BaA" 2iaq.—BaHA" 2 aq.—CuA". 

Bromo-sulpho-benzoio acid > 

C < H,Br(S0,H)(C0 2 H) [4:2:1]. From bromo- 
toluene o-sulpnonio aoid by chromio mixturo 
(Weiss, A. 169, 26).—KHA".—CaA".—BaA": 
V. sol. water. 

Imidc C„H 3 Br<^pQ^>NF. Bromo-bcnzoic 

tulphiniile. [217°]. From (4,1, 2)- bromo- 
toluene sulphamido and KMnO,. Also from tho 
aoid K salt by successive treatment with PCI, 
and NH, (Romsen a. Betyley, Am. 8,229). Long 
needles (from water); v. sol. alcohol and hot 
water, v. si. sol. HClAq. Sublimes at 200°. Its 
taste is extremely sweet at first and then 
extremely bitter. — Ba(C,H,BrNSO,) 2 74oq.— 
Ca(C,H s BrNSO,) 2 7Jaq. - AgC,H,BrNS0 2 . - 
CjHjjOjHjBrNSO,): [199°]; formed by succes¬ 
sive treatment with PCI, and alcohol. 

Bromo-sulpho-benioio aoid 
0,H,Br(SO,H)(COjH) [4:8:1], Formed by oxi¬ 


dation of the corresponding bromo - toluene 
sulphonio acid (Hasselbarth, A. 169, 12).— 
KHA" aq.-BaA"iaq.-PbA" 2aq. 

Bromo-sulpho-benzoic acid 
C 6 H,Br(S0 a II)(C0 2 H) [4: 2 or 8 :1]. Probably 
identical wit;h the preceding. From p-bromo- 
benzoio acif and fuming H 2 SO, heated for 8 
hours at 13«° (Bottinger, A. 191, 13). Matted 
needles, v. s J. water. 

Salt s.— JlaHA" 2aq.—Ag 2 A"3aq.—BaA"3aq. 
—BaII 2 A" 2 Iq.—CuA" 3aq. PbA" 7aq. 

Ch'loride C,H g Br(S0 2 Ci)C0 2 H. [197°] (with 
decomposition). Needles (from ether). M. sol. 
cold ether, which separates it from another 
chloride. 

Acid ether C t H,Br(SO,Et)(C0 2 H). [84°]. 
From the chloride and alcohol. 

Amic acid C 8 II,Br(S0 2 NH 2 )C0 2 H. [230°]. 
—BaA' 2 12aq. 

Amic acid C„H,Br(SO,H)CONII 2 . [262°]. 

Amic ether C B li,Br(SO,Et)(CONII 2 ) [128°]. 

Bromo-di-sulpho-benzoio acid 
C„H 2 Br(SC) s H).C0 2 H. From p-bromo-toluene 
disnlphonio acid and 'boiling fuming HNO, 
(Kornatzki, A. 221, 19G). — K,A'"aq.— 

Ba,A"' 2 12aq. 

Chloride. [151°]. Trimetrio tables from 
ether). 

Amide. [above260°]. Small prisms in stars. 

BBOMO - SDLPHO - PHENYL - FBOPIONXO 
ACID C„H„BrSO, i.e. 

[4:3:1] C 8 II,Br(S0,II).CII 2 .Cn 2 .C0 2 H. Prepared 
by the action of fuming sulphuric acid on p- 
bromo - phenyl - propionic acid (Goring, C. G. 
1877, 793, 808). Non-doliquescont rhombio 
plates (containing 2Jaq). a:b:c = 1-3013:1:0*7831. 

Salts. — NalIA"3aq. — Ba.V'2aq.—- 
II 2 BaA" 2 8aq; triclinic crystals: a:b:c=. 
0-4941:1:0-5016 ; « = 68" 36'; 8 = 98" 22'; 

7 = 83" 38'. — CaA"3aq. — CaH,A'' 2 8aq: 
monqelinio crystals: a : b: c *» 0-7062:1:0-9774 j 
3 = 86" 45'. 

DI-BBOMO-SULPHO-PYBOMUCIC ACID 


CBr = C—CO a H 

j >0 . Di-bromo-sulpho-furfurane- 

CBr = C—S0 2 H 

carboxylic acid. Formed by sulphonation of 
di-bromo-pyromucio acid [192°] with fuming 
H 2 S0 4 . By the action of bromine upon its 
barium salt, di-bromo-maleio acid is formed. 
By zinc-dust and aqueous NH, it is de¬ 
nominated, yielding sulpho - pyromucio acid. 
A"Ba 5aq: easily solublo long fine needles (Hill 
a. Palmer, B. 18, 2096). 


BBOMO-SULPHYDBO-BENZOIC ACID 

C s H,Br(SH)CO..H(7) [256°] (U.); (243"] (L-). 
From tho chloride of sulphonatod m-bromo- 
benzoio acid by tin and HC1 (Upmann, Z. 
1870, 295: Van.Lonnen, El. ,1871, 67). Needles, 
insol. water. Reduced by sodium-amalgam to 
C,H,(SH)CO.H. iodine converts its Na salt 
into sn acid [130°]. 

Salts.—ZnA' 2 .—PbA' r —BaAV 
Bromo-sulphydro-benzoio acid 
C,H,Br(SH) COjH. [194"]. From the ohlorids 
of (1, 3, 5)-bromo-sulpho-benzoio aoid by tio 
and HOI (Frerichs, B. 7, 795). Lamina.— 
PbA', 3aq. 


BB0H0-TEBEFHTHALIC AOID 


C,H,Br(C0 2 H) 2 [2:1:4]. [306° oor.], Needles 




DI-iatuMO-THIOPIIENE-SULPIIONIO ACID. 


62 ) 


3 a sublimate 1 an 

sedlos.—Ag„A aq. 
A"Cu: Jig t bl 


anhydride) 

Wliito 
blue pp. 
cor.). 

’] : iusolu- 


MBUuning aq (Fis.) or anhjdroua (Fil.). Pre¬ 
pared by oxidation of bromo-toluio aoid with 
EMnO, (Fisohli, B. 12, 619), by oxidation of 
bromo-oymene (Filcti, G. 16, 286), or of p- 
phenyl-toluene [129°] (Carnolley a. Thomson, 
O. J. 61, 88). It gives 
[246°]. 

Salts.—K 2 A": needles. 

Insoluble flocculent pp 

Chloride C, 1 H. l lir(COCi). i . (8<fc° 

Amide C s H 3 Br(CONn 2 ) 2 . [2'»°; 
blo needles 

Methyl ether C 8 H 3 Br(CO.OEt) 2 . [42°] 
(Fid?); [62°] (Fil.). (abovo 300°). Needles. 

Di-bromo-terephthalic acid C a HJir 2 (C0 2 II)2 
[6:3:4:1]. Formed by oxidation of di-bromo-^- 
toluic acid [195°] with KMn0 4 (Schultz, B. 18, 
1762) or of di-bromo-cymeno with diluto IIN0 3 
(Claus a. Wimmel, B. 13, 902). Laminre (from 
HOAc); does not melt below 320°. 

Salts. — A''Ca 4aq : easily soluble micro¬ 
scopic needles. — A"Ba2aq and A"Ba5aq: 
microscopic needles. 

Ethyl ether A"Et 2 . [121°]. (c. 335°). 

Pearly plates. 

o-Di-bromo-terephthalic acid. 

Hexa-hydride C tl II,Br,(CO,H)., [2:3:1:!]. 
Di-o-bromo-hcxa - hydro - benzene - di-p - car¬ 
boxylic acid. Formed by direct combination of 
tetra-liydro-terephtlialio acid with Brintho cold. 
Granular crystals (containingaq). Nearly insol. 
cold wator, sparingly in hot. By Ag./l it is con¬ 
verted into an acid (probably C.jH^OHJ.^CO.H) J 
which by treatment with bromine yields tetra- 
bromo-pyrocatechin (Baoyer, B. 19, 1808). 

DI - BROMO - TETRADECAN F, C n H, H Br 2 . 
Tetradecylcne bromide. [0°]. Colourless liquid. 
Formed by addition of Br to tetradecylcno 
(Krafft, B. 17, 1372). 

C 4 Br 3 S 

HEXA-BROMO-DITHlfiNYL | . r 255° 

CjBr.,8 

uncor.]. Formed by heating an acetic acid 
solution of dithionyl with an excess of bromine 
(Nahnsen, B. 17, 2198). Small needles. V. sol. 
hot benzene, v. si. sol. cold benzene and hot 

alcohol. 

TRI-co-BROMO-DI-THlfiNYL-ETHANE 

CBr 3 .CII(C 4 II ; ,S) a . [102°]. Obtained by adding 
H 2 S0 4 to a mixture of thiophene and bromal 
dissolved in acetic acid. Small pyramids. V. 
sol. ether, CS 2 , and hot alcohol. With iaalin 
and H 2 S0 4 it givos a violct-rcd colour (Peter, 7A 
17, 1344). 

DI-u-BROMO-DI-THlfiNYL-ETHYLENE 

CBr 2 :C(C 4 H,S) 2 . Formed by boiling tri-bromo- 
di thlSnyl-ethane with alcoholic K01I, or better 
KCN (Peter, B. 17, 1314). Colourless oil. 
Volatile with steam Gives a violet-red colour 
with isatin and H*S0 4 . # 

BROMO-THIfiNYL METH¥L KETONE 
C^H^Br.CO.CHj. Bromo-acetothiUnone. 

Formed' by the action of acetyl chloride upon 
mono- or di-bromo-thiophene in presence of 
AljClj. Stout colourless needles. Sol. hot 
alcohol, less in cold. Very volatile with steam. 
By alkaline KMn0 4 it is oxidised to bromo-thio- 
phene-carboxylio aoid [140°]. 

Phenyl hydrazide 

0 4 SHjBr.C(N 2 HPh).CH s : [122°]; tables; si. 
9 qL alcohol (Gattermann a, Iidrner, B. 19, 689). 


BROMO-THIO-CRESOL v. Bbouo-Tolyl mbi . 
c apian. * 

DI-BROMO-THIOHYDANTOXNCjHjONjSBrj. 

Formed by the action of bromine on a solution 
of tliiohydanto’in in aqueous HCl (Mulder, B. 
8, 1263; Kramps, B. 13, 789). Colourless crys¬ 
tals. Insol. cold viator, sol. alcohol ailtl ethor. 
Decomposed by he, water. • 

•BROMO - THIO - OXY - BENZOIC ACID v. 
Buomo-sulphtdiio-bf.nzoio actd. 

(a) - BROMO THIOrilENE C,SH.,Br. ‘0’- 
Bromo-thiophenc. (150 '). S.G. l\ 1652. Col¬ 
ourless liquid. Formed by bromination of thio¬ 
phene (Meyer, B. 16, 1472). Isolated from the 
crude di-bromo-thiopheno obtained by fractional 
bromination of benzene that contains thiophene. 
By FtBr and Na it is converted into ’-ethyl- 
thiophene {Schleicher, B. 18, 3015). 

Di-bromo-thiopheno C,SH.Bl\.. (211° cor.). 
S.G. -*;§ 2*147. Colourless oil. Formed by 
dropping bromine into thiophene cooled with 
water. Prepared by fractional bromination of 
benzeno that contains thiophene. With isatin 
and 11.SO, it gives a deep-blue colour (Moyer, B. 
16, 1469; Meyer a. Stadler, It. 18, J 188). 

Tri-bromo-thiopheno CjSIlBr.,. (29°J. (260° 
cor.). Formed by further bromination of di- 
bromothiophenc. Long white glistening crystals. 
V. sol. hot alcohol and ether, si. sol. cold alcohol. 
Gives tho indophenino reaction. By sulphona- 
tion and debromination it yields thiophono-(/8)- 
sulphonic acid (Rosenberg, B. 18, 1773). 

Tetra-broino-thiophene C,SBr t . [112°]. (326° 
cor.). Long white noodles. Formed by further 
bromination of di-bromo-thiopheuc (Meyer a. 
Krcis, B. 16, 2172). 

BROMO-THIOPHENE-CARBOXYLIC ACID 

C,SlLBr(CO.JT). [140°]. Formed by oxidation 
of bromo-tbieeyl methyl ketone with alkaline 
KMn0 4 . Coloiir lA ss glistening needles (from 
water). Sublimes in pearly spikes. M. sol. hot 
water, '.early insol. cold water (GaUevmann a. 

I Bdmcr, B. 19, 690). 

Di-bromo-thiophone-(a)-carboxylic acid 
C 4 Sr£Br 2 .C0 2 H. Di - bromo - fhinphruic acid, 
[222 ’]. Obtained by bromination of (a)-thio- 
phene-carboxylic acid (<q.v .). White monoclinio 
needles. Sublimes on h ating. V. sol. alcohol 
and ether, si. sol. hot water, insol. cold water. 
Sparingly -olaf ilc with steam. Isatin and ILSO* 
yield a titty-green colouration quickly becoming 
brown. A solution of the ammonium salt gives 
white pps. with AgNO ; „ Pb(OAc)», UgN0 3 , and 
SnCI 2 ; yellow pp. with Fe : C1 U ; and greenish- ' 
white pp. with CuS0 4 . 

Salts.—A'Ag: while curdy pp. becoming 
crystalline. — A'K ; easily soluble crystals.— 
A'.Ba 3*aq : white needles, v. sol. hot water, si. 
sol. cold. 

Chloride C 4 SIIR%.C0C1 : (250°-270°); 
rfiilky needles. 

A mide C 4 SHBr 2 .CONH,: [107°J; fino white 
felted needles; v. sol. alcohol and ether, spar¬ 
ingly in hot water. 

Methyl ether C,SHBr r C0 2 Me: [80°]} 

white needles (Peter, B. 18, 543; Bonz, B. 18, 
2308). 

DI-BR0M0-THI0PHENE-SULPH0NIG ACID 

C 4 HBr 2 S.S0 3 H. Formed by sulphonating di- 
bromo-thiophene. By sodium-amalgam it i* 
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reduced to thiophene -‘B’-sulphonio aoid.— 
I’bA'j 5Jaq : small crystals, sol. hot water. 

Chloride CJIBhH.SO.Cl: [33°]. 

Amide C 2 HBr 2 S.S0 2 Nil 2 : [147°]; felted 
needles; sparingly solublo in water (Langor, B. 
17, 1666 ; 18, 653; Rosenberg, B. 18, 3030). 

Di.bromo-thiophene-di-sulpl.onio acid 
C*8]J.r 2 ([s0 2 H) 2 . Obtained bx boiling the anhy¬ 
dride with alkalis. It ver^ readily splits off 
H,0 with conversion into the anhydride. 1 

Salts. — Nn 2 A"3aq : very solublo silky 
needles.—(Nil,) 2 A" aq.—l’bA":^plates, sol. hot 
water.-—JhiA" aq : sparingly solublo white glis¬ 
tening spikes. 

Anhydride C,Slk- 2 <J^\ >0 : white glif 

tening plates, v. roI. alcohol and benzene, insol. 
water and hgroin. Obtained by tlio action of 
* .. . ' on 


2 

[172°]. Formed by lirominntion 


fuming sulphuric aoid (4 vols.) oS di-bromo 
thioplieno (1 vol.). 

. chloride C 2 SRr 2 (S0 2 Cl). 2 : [220°]; glisten¬ 
ing white needles ; sol. ether. 

Amide 0,SBr s (SO J NH s ) 2 t [o. 270°]; crystal¬ 
line powder; nearly insol. water (Ranger, B. 17, 
1560 ; 18, 554 ; Rosenberg, B. 18, 3030). 

Tri-bromo- thiophene-sulphonic acid 
C,Hlir.,(,SO. ( n). Formed together with the anhy¬ 
dride by suljdionation of tii-bromo-thiopliono 
[20 ].— RaA'jaci: sparingly soluble whito warty 
crystals. 

Anhydride (C 1 Kl!r.,.S0.,) 2 O; [IK!' 5 ] ; vola¬ 
tile with steam ; white solid; v. sol. alcohol and 
ether, v. si. sol. water. 

Chloride C 4 KBi-.,(SO.,C 1) : [126°]; needles. 

Amide C 4 Sl!r 3 (iS0 2 Nil„f: needles (from 
water) (Rosenberg, Jl. 18,1774, 3028). 

DI-BROMO-THIOPHEN1C ACID v. Dl-ne.OMo- 
TJIIOPIIKNE-CARBOXYLTC ACT!). 

BROMO - THI0 - PHENOL v. Buomo-piienyl 
ME15CAPTAN. » 

TETRA-BR0M0-THI0PHTHENE C.S.Br, i.e. 

XBi;CBr 
I 

>C - C , 

I 

'CBr.CBr 

of thiophtheno. Long whito needles (from 
benzene). V. sol. hot benzene, si. sol. alcohol 
(Bicdermann a. Jacobsen, B. 10, 2117). 

BROMO - THIOTOLE’NE v. BaoMo-METiiTL- 
TmopirENE. 

BROMO-THIOXENE v. , Biiowo-rg-METin-L- 
XHiorjiFNn. * 

m-BROMO-THYMOHYDROQUINOXE 

- C„HMoPrBr(OII). 2 fl:4:5:3:6]. [53°]. Formed by 
the action of cone. IIRr upon thymoquinono at a 
low temperature. Colom-jessneedles (Sclmiter, II. 
20, 1318). Formed aiso bj? reduction of the 
corresponding quinono with SO, (Mazzara a. 
Fiscalzo, (7. 16, 105). Changes spontaneously 
to a substance molting at 37° (SI. a. I).). 

Di-acetyl dcri r&tive C s lIMePrBr(OAc).,., 
[01°]. From thymoqainono and AcBr (Schulz, 
B. 15, 657). 

Di-bromo.thymohydroquinone 

Bi-acetyl derivative C„McPrBr,(OAc) 2 . 
[122°]. From di-acetyl bromo-thymo-hydro- 
quinono and Br (S.). 

BROMO-THYMOLS and their ethyl derivatives 
appear to have been obtained by Patemo a. 
Cgnzoneri, O. 10, 238, Armstrong a. Thorpe, 


A^Clfttfig^isJ 1876 ' U3i < ‘ ndI,all ® mand ' 

BROMO-THYMOL SULPH0NIC ACID 

O 10 H„BrSO, i.e. 0,HMePrBr(OH)(SO a II). From 
potassium thymol (a)-sulphonio aoid and Br.-— 

1871 2cir? aA,S ^ Engelhardt a ’ Latsohinoff, Z. 

m-BROllp-THYMOQDINONE CJIHePrBrO. 

[1:4:5:3:6]. | f 8°] (M. a. F.); [45°] (S.). Formed 
by oxidatioi .of the corresponding bromo-thymo. 
hydroquinoi p with Fe 2 Cl„. Glistening yellow 
plates (SchAiter, B. 20, 1318). From bromo- 
amido-thymol and nitrous acid (Mazzara a. 
Fiscalzo, Q. 16, 195). A crystalline bromo- 
thymoquinone was got by Corstanjcn (J.pf. [2] 
3, 55) in brominating thymoquinone. Andresen 
(/. pr. [2] 23, 181) obtained a liquid isomcride 
by brominating thymoquinone chloro-imide. 

Di-bromo-thymo-quinone C„Br,McPr0 2 . 
[71°]. The ethereal extract from the product 
of the action of HBr on thymo-quinone-chloro- 
lmido (q. V.) is evaporated and the rcsiduo dis¬ 
tilled with steam (Andresen, J.pr. [2] 23, 184). 
From thymoquinone a,nd Br (C.). Lemon- 
yellow plates (by adding water to the alcoholic 
solution). 

o-BROMO-TOLUENE C,II/Br i.e. C a H.MeBr 
[1:2]. (],82°). S.G. 1-2031. S.V. 141-05 
(SchiIT, Jl. 19, 564). 

Formation. — X. Together with p ■ bromo- 
toluene, by brominating cold toluene, in tho 
dark, in daylight, or with addition of iodine 
(Iliibner a. Wallach, Z. [2] 5, 22, 138, 499 ; A. 
154,293; Dmochowsky, B. 5, 333; Kekule, A. 
137, 192 ; Bcilstein, A. 143, 369; Cannizzaro, A. 
141,198; Glinzrr a. Fittig, A. 133,47; 136, 301; 
Fittig, A. 145, 39 ; Rosenstiehl a. Nikiforoif, Z. 
[2] 5, 635 ; Iliibner a. Rotscliy, Z. [2] 7, 618; 
Bail til a. Grimaux, TIL 1866, i, 347 ; 1867, i, 108; 
Kiirner, Cl. 4 ; Iliibner a. Jnnnasch, A. 170,'ll7 ; 
Lougninine, Jl. 4,514; Reyman, Bl. [2] 26, 533 • 
Sehwimin, B. 18, 607).—2. From o-toluidine by 
the diazo- reaction (Wroblowsky, A. 168,171 • 
Jackson, Am. 1, 93).—3. Together with naph’ 
tlialene, by tho action of (a)-bromo-nnphthaIene 
on toluene in presence of A1 2 C1„ (Roux, Bl. [2] 
45,520). J 

Properties. —Oil. 

Iteactions .—1. Converted by diluto HNO, 

into o-bromo-benzoio acid (Zineko.B. 7 , 1502).__ 

2. Sodium has no action at 15°.—3. Sodium 
and Mel form o-xylene.—4. Tho copper-sine 
couple has no action (Gladstone a. Tribe. C. J 
47, 448). 

m-Bromo-toluene C.II.MeBr [1:31. (184°) 
S.G. -u 1-401 (W.). ' ' 

Formation —1. From C, i H 3 McBr(NII 2 ) [1:3:4] 
by the diazo- reaction (Wroblewsky, Z. 42] 7 
609; A. 168, 155; Greto, A. 177, 231).—2.' 
From tho suni^ bronio-p-tojuidine by successive 
conversion into C B H 2 (N0. 2 )MeBr(NH 2 ) [5:1:3:41, 
C s lI 3 (N0. 2 )MoBr [ ! .,:1:3], C„H 4 (NH 2 )Mo [5:1], and 
C„H<.BrMo [6:1] (Wroblewsky, A. 192, 206). 

Properties.— Liquid, even at -20°. Oxidised 
by chromic mixture to m-bromo-benzoio acid. 

p-Bromo-toluene C„H 4 MeBr [1:4], [28-5°1. 
(185° i. V.) (Hiibner a. Post, A. 169, 6). S.G. 

V 1-411 (Kekul6, A. 137,192). 

Formation. —Together with o-bromo-toluens 
(q. i.) by brominating toluene. 

Properties. —Trimetrio crystals. 
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Reaction*.— 1. OrO* 101 ms p-bromo-behzoio 
acid.— 2. Sodium even at 15° forms ditolyl 
(Zinoke, B. 4, 396; Lougumine, B . 4, 614).— 
8. Sodium and Mel gives p-xylene.-*-4. The 
copper-zinc couple has no action (G. a. T.).— 
5. Taken internally, it is excreted as ^j-bromo- 
benzoic and p-bromo-hippuric acils (Preusse, H. 
5, 63).—6. CrO.Cl, forms C.H.BrtmO.CrOCl)., 
(Etard, A. Ch. [6] 22, 241). j 

w-Bromo-toluene v . Benzyl hrIjiide. 

Di-bromo-toluene C^HJleBr,, f[l:2:3], [28°J. 
From GJL(CH 3 )(NIL)Br 2 [8G°3 ^y displacing 
NH 2 by H (Nevilu a. Wintlier, G. J. 37, 431). 
Uivo3 on oxidation with I1N0 3 di-bromo-benzoic 
acAl [146 0 -148°]. ( On nitration it gives a mono- 
nitro- dorivativo’ [57°] which reduces to an 
amido- compound [53°]. 

Di-bromo-toluene C (i H.,MeBr 2 [1:2:4]. From 
di-bromo-m-toluidine [75°] by eliminating NIL. 
Also from CJf 3 (CH 3 )(NIL)Br [1:2:4] by diazo- 
perbromido reaction. Oil. On nitration gives 
di-bromo-nilro-tolueno [80°]. On oxidation with 
1IN0 S gives di-bromo-benzoic acid [169°]. 

Di-bromo-tolueno QJI ;i MeBr 2 [1:2:5]. (236°). 
S.G. 1*813. Formed by brominating toluene 
(Wroblcwsky, Z. [2J C, 239). From aeotyl-o- 
toluidino by brominating, saponifying, and dis¬ 
placing NH 2 by Br by tho diazo- reaction (N. a. 
W.). Also from acetyl-w-toluidino in tho same 
way. Thus CJI 3 (CH 3 )(NH..)Br [1:2:5] and 
C fi H :i (CII,)Br(NlI,) [1:2:5] give tho samo 
CJL,(CH 3 )Br 2 . Oil. On nitration it gives a 
nitro- compound [88°], which reduces to an 
amido- compound [85°]. Oxidised by diluto 
ITNO3, it gives di-bromo-benzoic acid [149°- 
153°]; this distilled with lime gives a solid, 
[8G°], probably ^j-di-bronio-benzvpc. 

Di-bromo-toluene C a H.,MoBr 2 [1:2:6]. (216°). 
S.G. 22 1-812. From di-bromo-?»-toluidino [35°j 
(Wr.; N. a. W.) or from di-bromo-^-toluidine 
[88°] by diazo- reaction. Oil. On nitration it 
gives two nitro- compounds, [161°], and ['*. 80°]. 
On oxidation it give3 di-bromo-benzoic acid 
[150°-167°j. 

Di-bromo-toluene CJI,MeBr 2 [1:3:4]. (241°). 
S.G. - a 1*812. Formed in brominating toluene 
containing iodine in sunlight (Jannascli, A. 176, 
286). Also from bromo-p-toluidine by the diazo- 
perbromido reaction (N. a. W.; Wr.). Oil. Gives 
a nitro- derivative, [87°], reducing to an amido- 
derivative [98°]. By oxidation with Cr0 3 it gives 
di-bromo-benzoic acid [233°]. 

Di-bromo-toluene CJI.,MeBr., [1:3:5]. [39°]. 
(246°). From C tt H 3 (CH,)(NH..)B'r 2 [73°] audits 
isomeride [46°] (N. a. W.; Wr.). With UNO* it 
gives two di-nitro- compounds, [158°] and [ L05°]. 
On oxidation with CrO a it gives di-bromo-benzoic 
acid [208°-210 ’]. 

Di-bromo-toluene C B II.,MeBr 2 . [108°]. The 
existence of this body, said to be formed in bro¬ 
minating toluene (Fittig, A. 14^, 39), is called in 
question by Nevile and WintAer. # 

Other Di-bromo-toluenes are descried as 
Benzylidene bromide and Bkomo-bknzyl mio- 

MIDE. 

Tri-bromo-toluene CJI 2 MeBr. [1:2:3:4]. [44°]. : 
From C 6 H(CH 3 )(NH 2 )Br s , [97°], by nitrous gas 
(Nevile a. Whither, G. J. 37, 447). On nitration 
it gives a nitro- compound [107°]. 

Tri-bromo-toluene C^H^MeBrs [1:2:3:6]. [53°]. 
From di-bromo-o-toluidine [46 v ] by diazo- 
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perbromide reaction (N. a. W.). Long flat 
needles. 

Tri-bromo-toluene C,A,MeBr 3 [1:2:5:6]. [69°]. 
From [1:3:2:5:03 C„H(CH s )(NH s )Br,, [94°] by 
nitrous gas. On nitration it gives a nitro- com¬ 
pound [91°]. 

Tri-bromo-toluene OJLMeBr 3 [1:2:£6]. [66°]. 
(290°). From tr -bromo-w-toluidine [1(^1 °] hy 
nitrous gas (N. a. W.; W' oblcwriky, A. 168, 
194). On nitration it gives a di-nitro- compound 
[c. 220°]. 

Tri-bromo Jolucne CJLMeBr., [1:3:1:5]. [89°]. 
From di-bromo- 7 >-toluidino by diazo -perbromido 
reaction (N. a. W.). 

Tri-bromo-toluene CJLMeBr., [1:3:4:6].[112°]. 
From di-bromo-w-loluidirm [75°] and from di- 
bromo-toluidino [85°J by diazo perbromide re¬ 
action (Nta. W.). 

Tri-bromo-toluene ? [150*]. Formed by heat¬ 
ing potassium tri-bromo-phenol with KOAc 
(Pfankuch, J . pr . [2] 6, 103). 

Tetra-bromo-tolueno OJlMoBr., [1:2:3:4:G], 
[105°-108-’]. From totra bromo-m-toluidine 
[224°] by alcohol and nitrous gas. Also from 
tri-bromo-;a-toluidino [100’| by diazo-perbro- 
mido reaction (Nevile a. Windier, G. J. 37, 
449). Fuming IINCX, forms tho nitro-compound 
[2I6J. 

Tetra-bromo-tolueno CJIMoBr, [1:3:4:5:G], 
[111°]. From tri-bromo-m-toluidino [96°], by 
diazo-perbromide roaciion (N. a. W.). Its nitro¬ 
compound melts at [212°J. 

Tetra-bromo-tolueno (J„ 11 Mr!Jr, [1:2:3:5:6], 
[117 C, J. From tzi-bronio-wMohiidine [94°] by 
diazo-perbromide reaction. Its nitro- derivative 
melts at [213 'J. 

Penta-bromo-toluene 0, ; MoP»i\. [285 u l. From 
totra-broiiio-m toluidino l»y diszo-pci.bromido 
reaction (No lie a. Windier, C. J. 37, 450). 
From tohn ne Al.Jlr,., and Br at 0° (Gustavson, 
Til. [2] 28. 147 , JJ. 10, 971). Long needles 
(irom. benzene). 

o hROMO-TOLUENE SULPHONIC ACID 

C.II,lhS0 3 i.c. Cjr 3 MeBr(SOJl) [1:2:5?]. From 
o-bromo-tolueno by sulphonatiun (Hiibner a. 
Post, A. 169, 31; cf. Dmoehowsky, JJ. 5, 333). 
Also from brominated (1, J, 3)•/>-toluidine sul¬ 
phonic acid by displacement of NIL by H 
(Pec liman n, A. 173, 212;. lieduoed by sodium- 
amalgam to toluene wi-sulpbonio acid. • 

Salts.--- KA' ,'aq.—NaA Jaq.—Ba.V 2 2aq.— 
BaA' 2 3 Ja A . S. (of BaA' 2 ) *25 at 14°.—PbA'.. 2aq. 
S. (of PbA'o) *52 at 18°. -PbA'., 3aq. 

Chloride CJf. l MeBr(KO..Cl). (53°1. 

Amide C„I! : ,MeH'(f.'X.nL), [184-j. 

o-Bromo-toluene Salphonic acid 
CJI 3 Melir(SOJi; ! 1:2:5]. From o-toluidine by 
sulphonating anu displacing NIL by Br (Pagel, 
A. 170, 294; Nevile a. Windier, B. 13, 1943; 
cf. Gervcr, A. 169,384). Beduccd by sodium- 
amalgam to toluene 7/*«kulphonic acid. 

Salts.—KA'aq.—CaA' 2 aq.- BaA' 2 4aq. S* 
1*2 at 25° (P.).—BaA'.. 2iaq.—BaA' 2 9aq". S. 8*8' 
at 17*5° (G.).- PbA'.,2aq.—CuA'., 3aq. 

Chloride [53°] (P.); [56°] (N. a. W.). 

Amide [c. 135°] (P.); [147J (N. a. W.). 
This acid is probably identical with the preceding^ 

o-Bromo-toluene sulphonic acid 
CJI : ,MeBr(S0 3 H) [1:2:4J. From o-toluidine n- 
sulplionic acid by the diazo- reaction (Hayducr r 
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A. 178,200).—KA': nodules o) minute needles.— 
B»A'j 2aq. —PbA'„ 2 la(l. 

Chloride O.HjMeBrfSO.Cl). [54°]. 

Amide OAMeMISO.NHJ. [161°]. 

Bromo-toluene sulphonio acid 
O.HjMeBrSO.H [1:3:5]. From bromo-o-toluidino 
sulphonio acid or from bromo-jj-toluidino sul- 
phonio acid by dispfeccmcnt of NH 2 by H. 
l’otash-iusion gireu orcin (N'/vile a. Winther, B. 
13, f:)l t; C. J. 41, 420). ' 

Chloride 0,H a MeBr.SO.,Cl. [52°]. 

Amide 0 4 H 3 MeBr.S0,NII.. [139°]. 

ra-Bromo-tolueno sulphonic ncid 
C„H 3 MeBr(S0 3 Il). Punned by salphonating m- 
bromo-toluene (Crete, Ji. 7, 71)5; 8, 505; A. 
177, 233). - ByA' 2 aq.—SrAA aq.—CaA' 2 2aq.— 
MgA' 2 Oaq.—CuA' 2 4aq.—PbA' s 3aq. According 
to Wroblewsky ( A . 108,106; Z. [2] 7, 0) tlirco 
bromo-toluene sulphonio acids are formed by 
sulphomiting hi- bromo-toluene, tlK* 13a salts 
being liaA'o aq. S. *528, BaA' 2 3aq. S. 1*152, 
and BaA' 2 2Jaq. 8. 5*248 at 13°; Grcto, how¬ 
ever, could only obtain the acid just described. 

Bromo-toluene o-sulphonic acid 
C,.H 3 MoBr(S0 3 H). Prom (1, 4, 2)-toluidine sul- 
pi ionic acid by bromination and elimination of 
Nil, (Weckwarth, A. 172, 190).—NaA Jaq.— 
K A' aq.—13a A' 2 2 i aq. — Sr A' 2 2 1 aq.—PbA' 2 3 2 aq.— 
CuA' 2 Jaq. 

Chloride C li IT 3 Mcl3r(S0 2 Cl): crystalline at 

-20°. 

Amide C t H J Mel3r(S0 2 Nl; [o. 104°]; 

noodles. 

Bromo-toluene sulphonic acid 
G u H 3 MeBr(S0 3 II). Prom toluene by sulphona- 
tion, nitration, reduction, aftd displacement of 
Nil, by Br (Weckwarth, A. 172, 193 ; Hayduck, 
A. 177, 57).—13aA,aq. 

Chloride . Oil, slowly solidifying. 

Amide. Docs not melt below 230A 

p-Bromo-toluene -m-sulphonif acid 
C ti H ? MeBr(SO ;i TI) [1:4:3]. [c. 14 ) 8 °]. From p- 
toluidino m-sulphonic acid 1^ exchange of N1T 2 
for Br. Formed also in sulplionating rr-bromo- 
tolueno (E. Richter, A. 230, 319; rosl a. 
Ketschy, A. 109, 7 ; v. Peclimann, A. 173, 208; 
Nevile a. Winther, G. J. 37, 031). Laminte 
(containing aq). --- BaA'»7aq. — SrA' 2 7aq. — 
PbA'., 3aq. 

Chloride C,H,MoBr(SO.,Cl). [01°]. 

Amide C li il ;t .Mel5r(S(),Nlh). ri52°J. 

• p-Bromo-toluene sulphonic acid 
C (1 H 3 MeBr(SO.,lI) [1:4:2]. Tlio chief product of 
the snlphonation of ^-bromo-tolm no (Hiihner, 
A. 109,6; Z. 12] 7,018). Formed also from 
p-toluidine o-sulphonic acid by exchange of NIL, 
for Br (Jenssen, At . 172, 237). ltoduccd by 
sodium-amalgam to toltejnc o-sulphonie acid.— 
NaA' 2 aq.— Oa.A._,4aq.-- BaA'.Jaq. S. *53 at 8°.— 
SrA' 2 aq.- PbA'., 3aq.—CuA'.,7aq. 

Chloride 0, i H. 1 Mel3r(Sb..Cl). [35°]. 

Amide C u R 3 MeBr(S0 2 NlI 2 ). [167°]. 

p-Bromo-toluene ex* -sulphonio acid 
C U H 4 Br.CH 2 SO s II [1:4J. p-Bromo-benzyl sut- 
phonic acid. From p-bromo-benzyl bromide 
and K 3 SOj (Jackson a. Hartshorn, Am. 5, 264). 
Also from C„H i (NH 2 ).CII,SO.,H by diazo- reac¬ 
tion (Mohr, A. 221, 222).—KA'. S. 6*2 at 18°. 
-CaA 2 .-BaA 2 liaq.—BaA'.,aq. S. (of BaA' 2 ) 
67 at 18°.—PbA 2 . S. 2 at 18°. 

Chloride. [107 u ] (M.); [115°j (J. a. II.). 



C^H(N0 2 )Br 2 MeS0 3 11, and CJH(N0 2 )Me(SC>3H) 2 . 
Halts.- K 2 A" aq.—13aA" Oaq. —PbA" 2aq. 
Chloride. [99°]. Triiqetric plates (ham 
ether). 

Amide CJI 2 McBr(S0 2 NII 2 ).,. [above 2GO°J. 
Bromo-toluene disulphonic acid 
C li H ; .Mei>r(S0 3 ir) 2 [1:4:3:^]. Prepared from 
C lj ll..Me(NH 2 )(SO.,H).. by diazo-reaction (Limp- 
riolit, B. 18, 2179 ; E. ltichter, A. 230, 324).— 
BaA" 6aq.—K A" aq. 

Chloride C (i lf.MeBr(SO.Cl).,. [129°-133 0 ]. 
Amide C U HJIcl3r(SP.NH.,) 2 .'[abovo 240°]. 
Di bromo-toluene sulphonio acid 
C (i Tl_.MeBr 2 (S0 3 H). From o-bromo-toluene m- 
snlplionic acid by nitration, and displacement 
of N() 2 by Br (Selllifer, A. 174,365).—NaA' 2aq.— 
BaA'._,2^aq. 

Tri-bromo-toluene sulphonic acid 
C,jUMeJ3r 3 (S() ,H). From o-toluidine p-sulphonio 
acid by bromination and exchange of Nil, for Br 
(Hayduck, A. 174, 351).—KA'.—BaA' 2 ljaq. 
Tlio chloride is a syrup, the amide an amor¬ 
phous powder. 

BR0M0-(aJ-T0LUIC ACID v. Bicomo-piirnyl- 

ACETIO ACID. •• 

p-Bromo-o-toluic acid 0 6 TI 3 MeBr(C0 2 H) 
[1:4:2]. [118° uncor.J. Fino wliito needles. 

Eormed by oxidation of bromo-o-cthyl-toluene 
withjlilute HNO, (1*1) at 200° (Claus a. Picszcek, 
B. 19, 3088). 

Bromo-toluic acid C (i H l MoBr.CO JI [l:3or4:2]. 
[1C7°J. From o-toluio acid and bromine in the 
cold (Jacobsen a. Wierss, B, 16, 1959; Racine, 

A. 239, 74). Needles; volalilo with steam. 
On oxidation it givc3 bromo-phtlialic acid ri57°]. 

Salt.—BaA' 2 5aq. 

Methyl ether MeA'. [40°]. 

Bromo-o-toluic acid C K II 3 MeBrC0 2 H 
[l:lor5:2J. [176 ’]. Glistening needles. V. si. 
sol. hot water. Formed by oxidation of bromo-o- 
yylone with dilute IIN0 3 . CaA' 2 2aq (Jacobson, 

B. 17, 2375). This acid is perhaps identical 
witli the following. 

Bromo-o-toluic acid CJI 3 MeBr(C0 2 H) [1:5:2], 
[187°]. Formed by saponification of the nitrile. 
Sublimes in needles. V. sol. alcohol, v. si. sol. 
water. By alkaline KMn^) 4 it is oxidised to 
bromo-phtlialic* acid [168°] (Nourrisson, B. 20, 
1016). < 

^mide C rt H 3 MeBr(CONH,): [182°]; pearly 
plates (from alcohol); sublimes in needles. 

Nitrile C„H 3 MeBr(CN) [1:5:2]. [70°]. 

Formed from bromo-o-toluidine by diazotiBation 
and treatment with cuprous cyanide. Long 
needles. Easily volatile with steam. 

Bromo-ra-toluio acid C 0 IijMeBr(CO g H) 
[1:4:3]. [153°]. 
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Formation .— -1. From ‘ bromo-isooymene, 
(ULMePrBr [1:3:4] by treatment with dilate 
tffiO, (Kelbe a. Czamomsjpi, A. 235, 296).— 
2. Together with the following acid, by bromina- 
ting m-toluio acid in the cold [Jacobsen, B. 
14, 2351), — 3. From bromo-nitro-toluene [45°J 
by treatment with KCN and alcohol at 220°, and 
aaponification of the resulting nilile (Richter, 
B. 6, 425). J v 

Properties .—Slender needles; .hi. sol. cold 
HOAc. Oxidation gives (4, 1, [j-bronio-iso- 
phthalic acid. 

Bromo- m-toluic acid CJET.MeBICO.JI [1:0:3]. 
[209° cor.]. 

Formation. —1. By oxidation of bromo-m- 
*yi#ne (Fittig, A. 147, 32; Jacobsen, B. 
14, 2352).—2. Together with the preceding by 
brominating m-toluic acid (J.),—3. By oxidising 
the corresponding bromo-m-isocymene (Kelbe, 
B. 15, 41).—4. From the corresponding amido- 
toluie acid by exchange of NIL for Br (Iteinseu 
a. Kuhara, Am. 3, 431). 

Properties. —Crystalline powder, sol. hot 
alcohol, insol. water. CaA', Sag.—Ba.Y. 4uq. — 
AgA'. 

F.thyl ether EtA'. [c. -5°]; (270’-275°). 

Bromo-p-toluic acid CJLMoBi-fCO .11) [1:2:41. 
[204°]. 


Formation. —1. By tho oxidation of browo- 
cymene C s H 3 Mel’rBr [1:4:2] (Landolpli, B. 5, 
268), bronro-p-xylene (Jannaseh a. llieckmann, 
A. 171, 83), bromo-p-ethyl-tolucno (Itemsen a. 
Morse, Am. 1,138).—2. By brominating p-toluic 
acid in tho cold (Bruckner, IJ. 9, 407). 

Properties.-- Thin needles or lamina) (from 
water); in. sol. hot water. 

Salts.- BaA'.daq. -CaA'.jSlaq.—CaA',3aq. 

Bromo-p-toltticacidC 5 TI 3 .Mei: ^CO.U) [1:3:4J. 
[196°]. Formed by oxidising bromo-p-cymcno 
C u H 3 MePrBr [1:4:31 (Kelbe a. Kosclmitzky, B. 
19, 1731). 

Di-bromo-Bs-toluic acid CJI 2 McBr 2 (C0 2 ll). 
[186°]. Formed by oxidising erudo di-F-omo- 
xyleno with CrO, (Fittig, Ahrens, a. Maltheides, 
A. 147, 36). Minute needles (from alcohol).— 
BaA' ? 9aq.—AgA'. 

Di-bromo-p-toluio acid C„H. 2 MeBr.,.C0 2 H 
[4:C:3;1], [195°]. Needles (from alcohol).’ V. "si. 
Bol. hot water. Formed by oxidation of di- 
bromo-p-xylene C,,H_.(CII 1 ).,Br„ [1:4:3:6] in aeetio 
acid solution with CrO,. By further oxidation 
with KMnO, it gives di-bromo-torophlhalic acid 
C,H.pir a (C0 2 H)j [6:3:4:1]. 

Sal ts.—CaA' 2 4aq : S. 1 at 20°.—BaA' 2 2aq. 

Ethyl ether A'Et: [49°]; (o. 310’); long 
needles (Schultz, B. 18, 1762). 

BBOMO-oTOLUIDINE C„H,Me(NII 2 )Br 
[1:2:3]. Formed by reducing bromo-nilro-tolu- 
ene, itself got by the diazo- reaction front bromo- 
nitro-toluidine [88°J. Oil. Gives with bromine- 
water di-bromo-o-taluidino, C s II 2 (CH ;1 )(N'lI„)Br 2 , 
[47°]. Heated with cone. IlCfat 160° it forms 
the above di-bromo-toluidin# and a crystnllino ( 
bromo-toluidine [55°] (Nevile a. Wintlicr, C. J. * 
87, 630). 

Bromo - toluidine C a H n Mi fNH 2 )Br [1:2:4], 
[32”]. (o.255°). Formed by reducing the eorre* 
sponding bromo-nitro-toluone, [45°J (lliibner a. 
Wallach, A. 154, 298; KOrner, Z. 1.869, 636; 
Buhner a. Boos, B. 6, 799; Wroblowsky, A. 168, 
177 j Heynemann, Z. [2] 6, 402; A. 158, 340; 


Nevile a. Winther, O. J. 87, 442). Laminae_ 

B'HCl: six-sided trimetrio tables, S. *827 ai 

11*6°.—B'jHjSO,. 

Bromo-o-toluidine Cjte s Me(NH. J )Br [1:2:5). 
[58°]. Formed by brominating aoetyl-o-tolu- 
idine (Wroblewsky, A. 168, 162; 2. [2] 7, 135). 
Also from bromo-nitro-toluene [55°] by tin and 
HOI (Grcte, B. 8, 565; A. 177, 249). Ithombo- 
hedra (from alcohol). Its constitution^ known 
because it gives the same di-bromo-toluene^q. v.) 
nsfbromo-m-toluidine. By displacement of NH, 
by II it yields in-brorm-toluene.—B' 2 Il.,SO,.— 
B'JI.SO, ljnq.— B'HCl. — B'HNO,: [183°]; S. 
4-92 at 17°. 

Acetyl derivative C„H,Me(NHAc)Br. 
[157 'j. 

Bromo-toluidine C u H.,Me(NII.,)Br [1:3:4]. 
[32°] (N. a. W.); [C7°] (Wr.); (75°) (H. a. R.). 
By reducing the corresponding bromo-nitro- 
toluene (q.A.) (Nevile a. Winther, C. J. 37, 442; 
Wroblewsky, A. 108,177; Hubner a. lloos, B. 
C, 800). 

Acetyl derivative C„H,Me(NHAe)Br. 
[114°] (N. a. W.). 

Bromo-toluidine C„II ; ,Mo(NII 2 )Br [1:8:5]. 
[36°]. (e. 258°). S.G. 1 1-1442. Formed by 
reducing bromo-nitro-toluene, [81°]. Crystal¬ 
lises with dilliculty (N. a. W.; Wroblowsky, A. 
192, 203). Reduced by sodium-amalgam to m. 
toluidine.—B'HCl.— B'HNO,. S. 2-6 at 13°.— 
B'JI.SO,. 

Acetyl derivative C a IIjMe(NIXAe)Br. 
[168°]. 

Bromo-m-toluidine C„II ;1 Me(NII.,)Br [1:3:0] 
[78°]. (210°). Formed by brominating acctyl- 
m-toluidine and Loiling the product with aloo- 
holio potash (N. a. W.). Formod also by re¬ 
ducing (l,2,5)-C,H,(CII,)Br(N0 2 ). It gives the 
same di-bromo-toluene (q. v.) as bromo-o-tolu- 
idino.—B'HNO,: prisms. 

Bromo-tolu dine CJI.MefNHJBr. From o- 
bromo-toluene ’>y nitration and reduction (Hub¬ 
ner a. Boos, B. 6, 801). Oil.-*B'UCl: S. 3-1 
at 10-^ .—'B'HNO,: 1-25 at 19°. rorhapsiden- 
tical with tho preceding. 

Bromo-p-toluidine C 0 H,Me(NH-)Br [1:4:3]. 
[26°] (Claus a. Steinberg, B. 16, 914). (240°). 
S.G. l-jo. From acetyl-p-toluidino by bromi- 
nation and saponification (Wroblewsky, A. 168, 
153). Elimination of NII 2 gives m-bromo- 
tolur.no.—B'HNO,: [182°]; S. 2-533 at 19°.— 
B'HSO.rq.—B'II,C 2 0 4 . 

Ac. try l derivative 0„II,5to(NHAc)Br. 
[117-5°]. 

Bromo-p-toluidine C s H,Me(NH 2 )Br [1:4:2]. 
[26°]. Formed by reducing tho corresponding 
bromo-nitro-toluene (Nevile a. Winther, 0. J. 
39,85).—B'HBr -BT1C1 (Wallaeli, A. 235,266). 

Di-bromo-o-tol uidine C„H.,(CH,)(NH I )Br, 
[l:2or6;3:5]. [41 ] iN. a. W.); [50°] (Wroblewsky, 
A. 168, 187 ; Z. [2J 7, 210). From o-toluidine 
and bromino (Nevile a»Winther, G. J. 37, 436). 
Forms unstable compounds with strong acids. 

Di - bromo - toluidine C u II,(CH,)(NR,)Br. 
[l:x:3:4]. [08°] (N. a. W.); [85°j (Wr.). By re¬ 
ducing tho corresponding nitro- compound 
(Nevile a. Winther, G. J. 37, 439 j Wroblewsky, 
A. 108, 1 81 ;. Does not combine with acids. 

Di - bromo . m - toluidine C,H,Me(NHJBr, 

[1;5:3:4]. [59°]. Formod by reducing the corre- 
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sponding di-bromo-nitro-toluene (Nevile a. Win- 
fcher, 0 . J. 37,447). 

Acetyl derivative C fl H..(CH a )(NHAc)13r 2 . 
[163°]. 

Di - bromo - m - toluidine C tf TLMe(NH 2 )Br 2 
[1:3:2:5], [73°]. From the corresponding di- 
bromo-nitro-tolucne [70°] by reduction. V. sol. 
ftlcohok{ Nevile a. Wintlicr,/I. J. 37, 448). 

Acetyl derivative C a lI>(CH.,)(NllAe)Br.,. 
[145°]. 

Di - bromo -m- toluidine „ CJI 2 Me(NIi 2 )Br 2 
[1:3:4:6J. [75°]. Formation . —1. Acetyl-m-tolu- 
idinc is brominatod. TIio product is boiled 
with alcoholic KOII and then distilled with 
diluto acid. This retains bromo-toluidine. By 
fractionally distilling the rest with steam, two 
di-bromo-?/i-toluidmcs [75°J and (35°J, and one 
tri - bromo - toluidine [101°] may be isolated 
(Nevile a. Win?her, C. J. 37, 410).-* 2. By bro- 
minating the acetyl derivative of bromo-tolu¬ 
idine [32'- > ],and removing acetyl by heating with 
H 2 S0 4 (2 vols.) and water (1 vol.). 

Acetyl derivative C 0 ll 2 (CII 3 )(NHAc)Br... 
[108°]. 

Di - bromo - ?n - toluidine C li I LMe(NlI.J Br s 
[1:3:2:G]. [35‘ J J. Prepared as above. 

Di - bromo - m - toluidine C (i U 2 Me(NH i! )Br 2 
[1:3:5:6]. [8G°J. Prepared by reducing di-bromo- 
nitro-toluene [105°] (Nevile a. Wintlicr, C. J. 37, 
434). Formed also by heating the acetyl deriva¬ 
tive with equal volumes of li,S0 4 and water.— 
B'HCl. 

Acetyl derivative C u H.,(Cir. l )(NIIAc)Br 2 . 
[205°]. Formed by acetylation of the base; 
also from Br and bromo-acefryl-toluidino [108°]. 

Di - bromo -p - toluidine C (l II.,Me(NIl..)Br„ 
[1:4:3:5J. [73°] (N. a. W.); [7G°J (Wroblowsky)' 
From p-toluidine and bromine (Wroblcwsky, A. 
168, 188; Nevile a. Wintlicr, G. J. 37, 136). 
From p-toluidino w-sulplioniot acid and Br 
(Pechmann, A. 173, 216). Converted by N 2 0 3 
into di-bromo-toluene [39°]. • 

Di - bromo - p - toluidine C„II 2 Me(NTL)Br 2 
[1:4:2:53. [B5°] • Formed by reducing the cor¬ 
responding nitro- compound [87 °] (Nevile a. 
Winther, G. J. 37, 415; Wroblowsky, A. 168, 
185). Yields tri-bromo-tolueno fill 0 ]. 

Di-bromop-toluidine C Ij H 2 Me(lsH. J )T5r. 2 
[1:4:2:6], f88°J. Formed by reduction of the 
corresponding nitro- compound [57°J. 

Di-bromo-toluidine C 8 H 2 Mc(NH..)Br 2 
fl:4or6:2:3]. [53°]. From tlio corresponding 
di-bromo-nitro-toluene [57°] ^N. a. ?.V.). # 

Tri - bromo - o - toluidine C (J HMe(NII.)Br 3 . 
[100°]. Described by Gerver {A. 169, 379) as 
formed by brominating o-toluidine. Nevile a. 
Winther ( C. J. 37, 438) ^say that no such body 
is so formed. » 

Tri - bromo - m - toluidine C,lJMe(N]I.)Br a 
[1:3:2:5:6J. [94°]. From the acetyl derivative by 
boiling with alcoholic potash. 

Acetyl derivative C (i ir(CII. t )(NlIAc)Br.,. 
[181°]. From C„IL(CH a )(NHAc)Br 2 [1:3:2:5] 
[144°] and Br (Nevile a. Wintlicr, C. J. 37, 
448). 

Tri- bromo - m - toluidine C ri HMe(NII. <! )Br 3 
[1:5:2:3:4]. [96°]. From its acetyl derivative by 
alcoholic KOH (N. a. W.). 

Acetyl derivative C fi H(CH !{ )(NHAc)Br 3 
[1:5:3:4:2]. [173°]. Formod by brominating 
C i H i (CHJ(NHAc)Br r 


’Tri - bromo - m - toluidine 0 8 HMe(NH 2 )Br J 
[1:5:2:4:63. [101°] (Jf . a. W.) ; [97°] (Wr.). Formed 
by brominating di-bromo-ra-toluiaine (Nevile a. 
Winther, C. J. 37,448 ; Wroblewsky, A. 168,195). 

Tri - bromo -p - toluidine C (J HMe(NH. 2 )Br t 
[1:4:2:3:5J. £.83°]. From the hydro-cliloride of 
C (j H 3 (CII a )Bb(NIL) [1:2:4] and bromine-water 
(N. a. W.). If Needles (from alcohol). 

Tri - bromo - p - toluidino CJIM^NIl^Br, 
[1:4:5:6:2]. [118°]. Formed by roducing the 
corresponding nitro- compound [106°] by iron 
and acetic abid (Nevile a. Winther, G. J. 39,85). 

Tri-brorao-toluidino C 8 HMc(NH. J )Br a . [113°]. 
From p-toluidinc ?«-sulphonio acid and Br 
(Pechmann, A. 173, 217). , **“ 

Tri-bromo-toluidine C ti IlMc(NHo)Br s . [82°]. 
From o-bromo-tolucne w-sulphonic acid by 
nitration, reduction and bromination (Schafer, 
A. 174, 362; B. 7,1355). 

Tri-bromo-toluidino C li HMe(NII 2 )Br 3 . [72°]. 
From p-bromo-toluene o-sulphonic acid by 
similar treatment (S.). 

Tetra-bromo-m-toluidine C ti Me(NII...)Br 4 
[1:3:2:4:5:6J. [224°]. F^om bromo-m-toluidine, 
[37°], aqueous HC1, and bromine (Nevile a. Win¬ 
ther, C. J. 37, 449). White needles (from alco¬ 
hol). 

Tetra-bromo-/)-tolui(line C,.Me(NH.,)Br 4 
[1:4:2:3:5:63. [227°]. From C li II 2 l\Ie(NH 2 )Br 2 
[1:4:2:03 dissolved in dilute JIOl and treated 
with bromine-water (Nevile a. Winther, G. J. 
39, 85). Also from p-nitro-toluone, FcBr„, and 
Br at 90° (Scheufelen, A. 23 L, 179). 

BROMO-TOLUIDINE SULPH0NIC ACID v. 

BltOMO-AMIDO-TOLUKNE BULPIIOiS’lC ACIT). 

DI - BROMO - TOLUQUINONE C,IIMeBr 2 0 2 
[85°]. Formyl together with the tri-broino-deri- 
vativo by the action of bromine on tolu-quinone, 
and separated from it by crystallisation from 
dilute acetic acid in which it is tho more solu¬ 
ble. Yellow needles; in. sol. water and alcohol 
(Canroneri a. G. Spiea, G. 12, 472). 

Tri - bromo - tMuquinono O, McBr a O., 
[1:3:4:6:2:51. [235°]. 

Formation. —1. From loluquinone and Br.— 

2. From tri-bromo-hydrotoluqiiiuono and Fe^Cl*. 

3. In small quantities, by heating cresol with 
11,,S0 4 , MuO,., and KBr (C. a. S.). 

Properties .—Palo yellow laminre; insol. 
water, si. sol. alcohol. Auiline forms black 
crystalline C (i MeBi(NPliB),,0. 2 . Aqueous KOII 
forms C 0 McBr 2 (OIi)O 3 [197°] (Spica a. Magna- 
nimi, G. 13, 312). 

, BROMO - op - DIT0LYL 
[4:3or2:1] C H H 3 MeBr.C (i II,Mo [1:2]. [95° cor.]. 
From di-tolyl and Br (Camel ley a. Thomson, 
G. J. 47, 590). Purified by crystallisation, from 
alcohol, from which an oily isomeride first sepa¬ 
rates. Oxidation gives brouio-terephthalic acid 
[309° cor.]. , 

Bromo-op-ditblyl [4:1] C ti H l Mo.C l( II ;1 MeBr 
[1:2:3or6J. Oil f prepared as above. Oxida¬ 
tion £'ivcs bromo-diphenic acid [208°] and c- 
bromo-phthalio acid [197°]. 

Di-bromo-ditolyl C, |II l2 Br 3 [152°]. From Br 
and ditolyl in CS 2 (Camelley a. Thomson, O. J, 
47, 591). Long hair-like needles; loss soluble 
in alcohol than the preceding compound. CrO, 
in liOAc gives C 14 H 3 Br. 2 0 2 [166°] and C H H a Br 2 0 4 
(?) [198°], neither of which compounds dissolves 
in KOHAq. 
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BROMO - T0LYL - AMIDO - CHIOBO - NAPH¬ 
THOQUINONE v . ChJjOBO-N^HTHOQUINONE-BBO- 

MO-TOLUIDE. 

DI - BROMO - o - TOLYL - AMIDO - PROPIO- 
NITRILE C H H,MeBr 2 .CHMe.CN. [105°]. From 
o-tolyl-amido-propionitrilo and ir (Stephan. 
0. G. 188G, 470). | 

Di-bromo-p-tolyl-amido-propionjtrila 
C 0 H 2 MeBr.,.CHMe.CN. [117°]. (S.). 

TETRA‘-BROMO-DI-TOLYL-AMINE 
(0 8 H 2 MeBr 2 ). { NH. [102°]. From Ur and di- 

tolyl-nitrosamine in alcohol (LehnJf B. 13,1511). 
Small noodles. 

BROMO-ju-TOLYL-BENZENE C l3 TI„Br i.e. 
[4fjj43 a n 4 Br.C,jH,.Me [1:4J. Bromo-phenyl-tola- 
eiie. [c. 30°]. A product of the bromination of 
p • tolyl - benzene. Oxidation gives bromo- 
cliphenyl-carboxylio acid [194°] and p-broino- 
bonzoio acid (Carnclley a. Thomson, C. J. 51, 
88 ). 

Bromo-p-tolyl-bonzene C,TI 1 .C lj H. i M(:Br 
[l:2or3:4]. [129°]. From tolyl-benzone in CS 2 
by Br (Carnclley a. Thomson, G. J. -17, 580; 51, 
87). Pearly plates, si sol. hot alcohol, v. e. 
sol. bonzeno. Oxidises to bromo-terephthalio 
acid [300° cor.]. 

Di-bromo-jj-tolyl-benzene 
[4:1] C„H,Br.C„lI 3 BrMe [l:2or3:4]. [115°]. From 
p-tolyl-benzcno in C»S.., and Br (Carnclley a. 
Thomson, G. J. 51, 89). Oxidation gives di- 
bromo-diphenyl-carboxylic acid [204°J and p- 
bromo-beuzoic acid. 

Di-bromo-tolyl-benzeno 

[4:1] C ( ,H 4 Br.C (i II ;l BrMe [l:3or2:4]. [150']. 

Formed, together with the isomeridc [115°] in 
brominating p-toly 1-benzene. Oxidation gives 
di-bromo-diphcnyl-carboxylic aci !c[23 > J ,> J and p- 
bromo-benzoic acid. 

BBOMO-TOLYLENE-w DIAMINE 
C H H 2 (CH ;l )(NiI,).,(Br) [1:2:4 :jj], [104°]. Colour- 
loss plates. Sol. alcohol, ether, and CS 2 . Pre¬ 
pared by brominationof thedi-bcnzoyl-dem itivo 
of (l:2:4)-tolylene-diainiiic and subsequent sapo¬ 
nification. 

Di-benzoyl-derivative [211°]. While 
needles (Riiheniann, B. 14, 2058). 

Bromo-tolylene diamine C, i lL(Cri l )(NJI.)i .Br. 
[107°]. Formed by reducing bromo-di-nitro- 
toluene [104°] (Grete, A. 177, 202).—ll"2lfCI. - 
B"2HNO s .—B" H 2 SO|.—B" li/LO,. This body 
is perhaps identical witli tlic preceding. 

Bromo-tolylene-o-diainine 
C a H 2 (CH ? )(NH,.).,Br [1:2:11:4]. [59°]. Obtained 
by nitration and reduction of p-brnmo-o-toluid*- 
ine (Hfibner a. Schiipphaus, B. 17, 775). Small 
colourless needles. V. sol. water, alcohol, and 
benzene. 

Salts. — BTIC1: very soluble colourless 
needles.—B' 2 1I 2 S0 4 : colourless tables. 

Anhydro-formyl derivative v. Mktii- 

KN YL-BHOMO-TOLYLENr -O-PIA M1NK* 

BROMO TOLYL-ETHANE §v. Bkomo-etjjyi,- 

TOLUENE. 

a-BROMO-o-w-TOLYL-ETHYIENE 
GfHj.GBrCIL,. Formed by boiling ?«-tolyl di- 
bromo-etliane C 7 II,.CJIBr.CILBr :ith alcoholic 
KOH. Very unstable body : begins to blacken 
even at 100° (Muller, B. 20, 1210). 

w-Bromo-a-w-tolyl ethylene C ; H,.CII:CIlBr. 
m-Mcthyl-bromo-styrcnc. (212°). Oil. Formed 
by adding bromine to a warm solution of sodium 


m-tolyl-aorylate (methyl- cinnaittate) (Muller, B . 
20,1216). 

BR0M0-T0LYL MERCAPTAN G (1 H 3 MeBr.SH. 

[o. 7°]. (c.245°). From p-bromo-toluone sulpho- 
chloride, tin, and HCi (Hiibuer a. Wallach, Z . 
[2] 5, 500). 

Bromo-tolyl mercaptan CJl.MeBr.Stf. (240°). 
From o-bromo-toluvne w-sulphocliloride ^53°] 
by.Zn andll.SO, (llubner, .1. 109, 41). Oil. 

DI-BR0M0-DI- rr 0LYL-METHANEC I ,H M Br a . 
[115°]. From tin hydrocarbon and Br (Weiler, 
B . 7,1181). 

BROMO-^-TOLYL-p.METHYL-IMESATIN v. 

Jp-MHTIIYL-ISATrN'-llitOMO-^-T«*I 4 UII»U. 

TETRA-BROMO-p-TOLYL-(0)-NAPHTHYL- 
AMINE C,.l f,,Br 4 N. fl09 D J. Formed by bromina¬ 
tion of p-t(dyl-(0)-naphthyl-amiiie (Friedliinder, 
B. 10, 20807. White silky needles. Sol. alcohol 
and other. 

BROMO-DI -a- TOLYL -PROPIONIC ACID' 

C () TI,MeBr.C(C l lI l Me)Me.CO..Il. [1 I4°j. Colour¬ 
less crystals. Sol. alcohol, ether, tfce. Formed 
by bromination of di-a-tolyl-propionic acid 
(Ifaiss, B. 15, 1178). 

a8-DI-BR0M0-;/i-T0LYL-PR0PI0NIC ACID 

C„,lI 10 Br 2 0 2 i.c. [3:1] C lj U l Me.CUBr.CllBr.CO..H. 
[107°]. From ?a-methyl-einiiaiuic acid and Br 
(Mailer, 7>*. 20, 1215). 

DI - BROMO - DI - TOLYL - DI-SULPHIDE 

(C (i ll 3 MeBr) 2 S 2 . [78°]. From o-bromo-tolyl 
mercaptan and dilute IINO a (llubner a. Post, A, 
109, 42). 

BR0M0-UMEELLIFER0N 


r n ,CII:CBr 

Methyl ether 4 .1 CJTdOMe)^ I 

J \o.co 

[151 0 ]. Formed by the action of bromine upon 
a solution of umbelliferon-melhyl other in CS 2 . 
Bong white )cellos; m. sol. hot alcohol and 
etlier, si. sob eo’, l alcohol and ether, insol. water; 
its dilute alcoholic, solution has a green fluor¬ 
escence. By alcoholic KOll it is converted into 
methox'y-couniarilie aci<l 
/CH:C.C0 2 1I. 

C„II 3 (OMo)<^ / 

/CIPCBr 

Ethyl ether C u II 3 (OEt)<; | ; [11C°] 

. c° 

silvery fables ; sol. boiling alcohol and ether, si.* 
sol. cold ^ncohol; its dilute alcoholic solution 
lias a violet fluorescence. Analogous to the 
im thyl-ethor in its formation and properties 
(Will a. Been, B. 19, 1782). 

Di-bromo-umbcllifc„ on 
XlLCBr 

C u lLBr(OII)< (?). 

\O~CO 

>CH:CBr 

Methyl ether C u ILBr(OMe)<f | j 

• X>-CO 

[251°]; formed by brominationof umbelliferon- 
methyl-ether dissolved in acetio acid; wliita 
glistening needles; si. sol. alcohol. 

XH:CBr 

Ethyl ether CJl 2 Br(OEt)^ | s 

\o-co 

[216°]; formed by bromination of umbelliferon- 
ethyl-ether in acetic acid (Will a. Beck, U. 
19,178G). 
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Tri-liromo-umbeUiferon 0jH,Br,0,.. [194°]. 
From nmbelliferon and bromine-water (Posen, 
B. 14, 2746; Mossmer, A. 119, 261). The 
aleoholio solution slows greenish-yellow fluor- 
esoence. 

BROMO-UVITIC ACID C„H.Br(CH,)(C0 2 H) 2 ! 
[a;:l:3:6J. Prepared by oxidising bromo-w,«j-di- 
oxy-mesitylene with K.MnO, (Colson, A. Ch. [6] 
6, J02/. Whito crystals, fcarboniscs at 285° 
without melting. Sol. alcohol.—Na.,A": tables. 

a-BROMO-a-VALERIC \CID C s H,Br0 2 'i.e. 
C 3 H,.CHBr.C0 2 H. formed:by bromination of 
valerio acid (propyl-ueotie aii'tll (Juslin, B. 17, 
2504).. 

Ethyl ether A'Et: (191°); S.O. '{ «. 
1-220; colourless fluid: 

7 -Bromo-n-valeric acid 

CHt.CHBr.CIL.CHj.COjU. From allyl-acetio 
acid and cone. IIBrAij at 0° (Mcsseejehmidt, A. 
208, 94). Boiling water or cold Na,CO,Aq con¬ 
vert it into tlia lactone of y-oxy-valeric acid 
( 2 -*-)- 

a-Bromo-isovalenc acid 

(CHJjCIl.CIIBr.COjH (chiefly). [40°]. (230°). 
From ordinary valeric acid and Br (Celionrs, A. 
Suppl. 2, 74; Borodino, A. 119, 121; Fittig a. 
Clark, A. 139,199 ; Ley a. PopoiT, A. 174, 63; 
Schmidt, A. 193, 104). Formed also by tho 
action of water on its bromide which is formed 
by treating isovaleric acid with Br and P (Vol- 
hard, A. 242,163). Oil. 

Ethyl etlter EtA'. (18G°). Is best puri¬ 
fied by distillation with steam, tho liquid is 
collected ns soon as tlio oily drops sink under 
water (Lovfo, J.pr. [2J 33, \}2). 

Bromo-valeric acid CMeEtBr.COjH or, possi¬ 
bly, CHg.CIIllr.CHMc.COoII Bromo - methyl - 
ethyl-acetic acid. Bromo-hydro-tiijlicacid. [06°]. 
From tiglic and angelic acids with cone. IIBrAq 
at 0° (Fittig a. Pagenstccticr, . 195,108, 128; 
cf. p. 267). Monoclinic tables (from CH,.); insol. 
cold water. Boiling water torms tiglic acid and 
some pseudo-butylene (s-di-methyl-ethylene). 
NajCOjAq produces chiefly pseudo - futylene. 
Sodium - amalgam forms methyl - ethyl - acetic 
Boid. 

Bromo - valerio acid C s H,BrO, i.e. 
CMeEtBr.CO H ? From methyl - ethyl - acetio 
acid and Br at 160° (Booking, A. 204, 23). 
Liquid. Should bo identical with the preceding. 

Ethyl ether EtA'. (185°). S.O. 1-2275. 

’ Decomposed by boiling Na 3 CO,Aq into a-mcthyl- 
a-oxy-butyric ether CMeEt(QH).CPgH. 

yS-Di-bromo-n-valeric acid 
CHjBr.CHBr.CHj.CHj.COjH. [58°]. From 
allyl-acetic acid and,Br in CS 3 (Messcrschmidt, 
A. 208, 100). Thin lamina). Converted by 
sodium-amalgam into allyl-tcetic acid. Boiling 
water formB tho lactone of bromo-oxy-valeric 
acid, and finally C 4 H,0 3 . 

Dibromo-valeric acid CMcjBr.CHBr.COjH. 
[106°]. Solidifies at 78?. From CMe 2 :CH.COjIjl 
and bromine (Ustinoff, 3. pr. [2J 34, 483). * 

Di-bromo-valeric acid 

OHj.CHBr.CBrMe.COjH. [86°]. From tiglio 
acid and Br (Schmidt a. Berendes, A. 191,119); 
also from angelio acid and Br (Jaffd, A. 135, 
293; Pagenstecher, A. 195, 123). Triclinio 
orystals (from CSj); insol. cold water. Con¬ 
verted by distillation or by sodium-amalgam 


infp tiglio aeid (Demarqay, B. 8,830). Bolling 
water decomposes its salts forming bromo-buti- 
nene (87°).—KA' :/insoL oono. KOHAq. 

Ethyl ether EtA'. (185°). (J.). 

DI-BROMO-VALERIO ALDEHYDE 0 5 H,Br,0 
i.e. CHj.CHBr.CBrMo.CHO. From tiglio alde¬ 
hyde and Brf(Lieben a. Zeisel, M. 7, 55). 

BROMOJTALERO-LACTONE v., Bnoao-oxt- 

VALERIC ACld. 

BROMO -VALERYLENE OjHjBr. (125°- 
130°). From valcryleno dibromido and alco¬ 
holic KOI! (Reboul, A. 135, 372). Forms a yel¬ 
low pp. of CjIIjCu with ammoniacal cuprous 
chloride. 

BROMO-VANILLIC ACID v. Methyl deriva¬ 
tive Of BaOMO-DI-OXY-BENZOIO-’.CID. 

BROMO-VERATRIC ACID v. Methyl deriva¬ 
tive of Biiomo-di-oxx-benzoicacid. 

BROMO-VINYL ACETATE C ( H,BrOj i.e. 
CHBr;CH.OAc. From acetylene di-bromide and 
KOAc at 160° for 2 days (Sabanojeff, A. 216, 
272). Crystals. Explode when quickly heated. 
Forms with bromino a compound C.HBr.Oj, 
which solidifies at 0°. 

<o - BROMO-p - VINYL - PHENOL. Methyl 
ether C„H,(OMc).CH;CHBr. [55°]. From the 
di-methyl-ethcr of aB-di-bromo-p-oxy-phenyl- 
propionio acid C s H,(OMe).CHBr.CHBr.COjMe 
by boiling with aqueous KOH (30 p.c.). Plates, 
of pleasant smell and taste (Eigel, B. 20, 
2537). 

eso-Bromo-o-vinyl-phonol 
C„II s (OH)Br.Cn;CHj. Bromo-oxy-slyrcnc. (265°). 
Formed by distilling di-bromo-othyl-phenol, 
C s H,(OH)Br.CjH,Br obtained by brominating 
o-othyl-phenol (Suida a. Plohn, M. 1, 180). 
Liquid, si. sol. water. Gives a reddish-brown 
pp. witli Fojfilj. 

Di-broino-o-vinyl-phenol. Methyl ether 
C,n H Br 2 0 i.e. C f Hj(OMe)Br.CjH,Br. From tho 
methyl derivative of tri-bromo-oxy-phenyl-pro- 
pionic acid C„H.,(OMe)Br.CUBr.CHBr.CO.H and 
Na.CO a Aq (Perkin, 0. J. 39, 418). Oil; slightly 
volatile with steam. 

BROMO-VINYL-PIPERIDINE 
CjHm^CjIIjBr). Biper-ethyl-alkine-bromide. 
Formed by heating the hydrobromido of piper- 
cthyl-alkine (oxethyl-piporidinc) with 1 mol. of 
bromine at lOO’-lOOh On reduction with 
sodium-amalgam it yields ethyl - piperidine.— 
B'HBr: thin colourless prisms, sol. water, v. 
si. sol. cold alcohol.—B'HCl. — B' 2 H.,CljPtCl,.— 
B'HCI.AuClj. (Ladenburg, B. 17,154). 

BROMO -o- XYLENE C s II,Br i.e. 
C 0 H s (CHj)jBr [1:2:4], [0°]. (2X4° i.V.). Mol. 
w. 185°. S.G. L 1-37. Formed by the action 
of bromino in presence of iodine upon o-xylene 
in the cold und in the dark (Jacobson, B. 17, 
2372; Schramm, B. 18,1278). 

a- Bromo-o-xylene C„H,(CH 3 ).CHjBr. o- 
xylyl bromide. 21°]. (217,) at 742 mm. S.G. 
1-381. Colourless liquid. Prepared by the action 
of bromino-vapotr upon boiling o-xylene; or in 
the, cold upon o-xyleno exposed to direct sun¬ 
shine (Radziszewski a. Wispek, B. 15,1747; 18, 
1281; Schramm, B. 18 1278; Colson, A. Ch. 
[6] 6,115). 

Bromo-m-xylene 0,H 3 (CH a ).Br[l:3:4]. (206°). 
Formed by the action of bromine upon cold m- 
xylene in the dark (Fittig, A. 147,31; Schramm, 
B. 18, 1277). Mel and Na give ^-cumene. 
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. i?L Br T # ”- Iy,en# OjHjMSjBr [1:3:2]. 
M* )• Liquid at —10°. Obtained by adding 
A HOI solution of bromine, to a solution of 
sodium m~ xylene - (8) - sulphonate, which is 
prepared by debrominating di-bromo-m-xylene 
sulphomo acid C„HMe 2 Br..(S0 3 H) [1:3:4:6:2] 
with zme-dust and aqueous anUnonia. By 
methyl iodide and sodium it giviY hcmimelli- 

oa^ on- [1:2:3] (Jacobsen a. Deike, if. 

*0, 903). 

Bromo-xylene CJLMo.Br (1:3:51. (204°1 

S.G. as 1-302. Oil. From C,H..Mo'(NH.) 
[1:3:4] via C„H 3 MoJ4HAc, C,dI..Itiir'o.N HAc and 
C„H 2 BrMc 2 (NH„) (Wroblewsky, A. 192, 215 : B. 
9, 495). 

'•“•*(?mo-m.xylcneC„H 1 (CH.,).Cir lir.m-Xi/Zyl 

bromide. (215”) at 735 mm. (It.a. W.); (e.2is'°) 
(C.). H.O. 85 1*371. Colourless liquid, will: 
pungent vapour. Prepared by the action of the 
vapour of bromine on boiling )n -xylene, or from 
Br (1 mol.) and cold wi-xylone exposed to direct 
sunlight (Badziszewski a. Wispok, B. 15,1745; 
13,1232 ; Schramm, B. 18,1277 ; Colson, A. Cli. 
[0] 6 , 117). 

Bromo-p-xylone CJ^Bijcif ,) 2 [ 2 : 1 : 4 ], [ 10 °]. 
(20G°i.V.). Formed by the action of bromine 
upon cold p-xylene in the. dark (Fittb* :l. 
Jannasch, A. 151, 283; 171, 82; II. 17, 2709 * 
Jacobsen, V. 18, 355; Schramm, II. 18,’ 1275)! 
Large plates. 

cv-Bromo-p-xylene C„II 1 (CII,).CIl..Br. p-X„h,l 
bromide. [38°]. (21!)”) at 710 dim. Long 

colourless needles. Sol. ether and chloro¬ 
form* Pungent smell. Prepared by the action 
of bromine-vapour on boiling p-xylene, or of Br 
(1 mol.) upon cold p-xylene exposed to direct 
sunshine (itadziazewski a. Wispek, It. 15 1743 ■ 
B. 18, 1271); Schramm, II. 18, 1 : 347 ). 

Di-bromo-o xylene C B 11.(011,)Jlr., [1:2:3:47], 
[7°]. (277”). S.G. js 1*78 12 . T.iquid atordinary 
temperatures. Formed together with the* i:o- 
merido [88 ’] by the action of bromine (2 mule.) 
in presence of iodine upon o-xylcuo (1 mo*’.) in 
the cold (Jacobsen, B. 17, 2378). 

Di-bronio-o-xylene C„[I,(CH.,),Br, [1:2:1:5J. 
[ 88 “]. (278°). Large trimetric plates, or Ion;; 
needles. V. sol. hot alcoliol; v. si. sol. alcohol 
at 0°. Formed as above (Jacobson, B. 17. 
2370). 

o-Di-K-bromo-xylone 0„Il l (CiT..Br) s [1:2]. 
o-Xylylene bromide. [II5°J. 8.(4. 0 1*1)34. 

S. (ether) 20. S.H. (15 3 -40°) *183. Splendid large 
trimetriecrystals. Prepared by heating o-xylcuu 
with bromine (2 mols.) at 130°-155'. Also by 
the action of Br (2 mols.) in the cold upon o- 
xylene (1 mol.) exposed to direct sunshine. Tri- 
metrio crystals; o: 6 :c = *858l: 1: *5014; v. sol. 
ether and chloroform. By boiling with a solu¬ 
tion oi Na»COj for 3 hours it yields plithalyl- 
alcohol (Bacyer a. Perkin, B. 17, 123; Itadzis- 
zewski a. Wispek, B. 18, 1281: Schramm, B. 
18,1278; Colson, A. Oh. [G] 6 , *05; C. if. 101, 
428; Perkin, jun., G. J. 53, 5)j* 

Di-bromo-ju-xylene C„H,(CII : ,)-Br... [7x1°]. 

(256°). From m-xyleue and Br (Fittip, A. 147, 
25; 166,236). 

Di-bromo-m-xylene C,H a (CH 3 )Br 2 . (252°). 
Liquid. From brominated" m-xy’lidine by the 
iiazo- reaction (Wroblewsky, A. 192, 216). 

®,<»,-Di-bromo-r«-xylene C a H,(CH 2 Br ) 2 [1:3]. 
Kytylene dibtomide. [77°]. S.G. a* 1*734; -- 


(liquid) 1*615. S. (ligroin) 83. * S.H. (15°-40“) 
*184. Formed by the action of bromine (2 mole.) 
in the cold upon m-xyfeneexposed to direct sun¬ 
shine; also by adding Br (I mols.) to m-xylene at 
130 '-l60 ’ (Schramm, B. 18,1277 ; Badziszewski 
a. Wispek, B. 18, If 82 ; Colson, A. Ch. [ 6 ] 6, 
109, C. It. 101, 428, Kipping, C. J. 53, 26). 
Prismatic needles (from CUCi,). Attacks the 
j eyes. Converted j ' alcohol or boiling water 
j into 0,1 1,(CI Id)H i . Alkaline permanganate 
forms isopbtlialie i> :id. 

Di-bromo-p-xy’ no C„lL(CIT,)..Br., [1:4:2.*5]. 
[76°]. (201°).^ From p-xylene, Br, and I. 

! - 6 - small quani.ty of a liquid isomoride, 
C 8 H 2 (CIl 3 ) 2 Br... i 1:4:25:0] (?) is formed at the same 
tune. Large trieliuic crvslals, plates, or Hat 
needles (Jacobson, II. 18, 358 ; Fittig, Ahrens a. 
Mattheidos, A. 147, 20 ; Januusoli, B. 10, 
1357). 

■o,oi 2 -Di-bronio-p-xylene C„lI,(Cir..Br), [ 1 : 4 ], 
p-Xylylene bromide. [144°]. (,-. 215°). 8 . 

(other) 2*05 at 20°. S.H. (15°-40°) *180. 
Formed by the action of bromino (2 mols.) in 
[ the cold upon p-xyleno exposed to direct sun- 
siiino ; or by tho action of bromine-vapour on 
boiling p-xyleno (Grimaux, /. 1870, 394; 

Hclirmmn, II. 18, 1277; BadziszmVski a. Wis¬ 
pek, U. 15, 1744 ; 18, 1279 ; Low, .1. 231, 302; 

B. 18, 2072; Colson, C. U. 101 , 128; A. Ch. 
[ 6 ] 0, 119 ; Kipping, U. J. 53, 3 I). Plates ; sol. 
GlICIj. Boiled with water (20 pis.) and lead 
nitrate (lpt.) it forms loreplitlnilie aldehyde and 
some terophthalic acid and p-iildcbydo-henzoio 
acid. Fmnmg 11NO, acts similarly. Alcohol 
converts it into 0 . 11 ,( 011 , 011 ).; I lie rate of this 
saponification is less than with the o-, and still 
less than with tho m-isomerido. 

c.m-Tri-bromo-p-xylene 

C, Li,(Ci f lir„)(Cl 1,1 u). [100°]. Formed from 
p-xyleno and impure bromine-vapour (Low, A. 
‘231, 303). L idling water gives w-oxy-toluia 
aldehyde. 

Tetrn -bromo-o-xyleno C„(Oir : 1 ) 2 Br,. [202°] 

(*T.); |:»-.) ’] (O.). (375 J ). From o-xylene and 
Br (Jacobsen, B. 17,2378) in presence of ALBr, 
(Bliimlcin, B. 17, 2192). Long glistening 
needles. V. si. sol. hot alcohol; v. sol. hot 
benzene. 

Tetra-bromo-p-xylene C„(OII,)J!r,. [253°]. 
(356°). Fromp-xyiono und Br (Jacobson, B. 18, 

BBOJrp-o-XYLENE-SULPHONIC ACID 

C.,H-(CliJp : I(S 0 ( if) [1;2;4;5]. Formed by 
sulphonation of bromo-o-xylene. Crystals (con¬ 
taining aq). Very soluble in water, sparingly in 
cold diluto IL80,. 

Salts. -NaA' l.'aq: long lino needles, v. 
sol. hot water.—KA'aq.—BuAL 3aq: long thick 
prisms, sol. hot water. 

Amide C„Il 2 (CK 3 )..(Br)(S0 2 NH 2 ); [213°]; 
long fine needles, \. si. sol. water, si. sol. cold 
jtlcohol (Jacobsen, B. 17,41373). 

Bromo-o-xylene-sulphonic acid 
C.IIatCHjJ^riSOjII). Formed by tho action of 
bromino upon an aqueous solution of o-xylene- 
sulphonic acid.—BaA' 2 4aq: sparingly soluble 
needles. 

Amide C s H 2 Mc 2 Br.SO.,NH,: [187°]; thick 
needles; ▼. sol. hot alcohol (Kelbo a. Stein, B. 

10, 2137). 
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BiQmo-m-xylene salhhonic aoid 
0 < H 3 JCH s ) a Br(SO g H) [1;3:2:4]. From di-bromo- 
m-xylene sulpbanCide by sodium-amalgam 
(Jacobson a. Weinberg, (B. 11,1535). 

Amide C 8 H 2 Mo.,BmD 2 NH r [161° cor.]. 

Bromo-wz-xylene snlpAonic acid 
C d H,,Me 2 Br(S0 3 II) 11:3:0:4]. From 
C 8 H 3 M*b 2 (S0 3 H) [1:3:4] by. :*r or from C 0 H.,Me.,Br 
[1:8:0] by fuming RSO, (.Veinberg, B. 11,1002). 
From C u H.,Mo.,(NH..)(SO h ? 1) by diazo- reaction 
(Sartig, A. 230, 335; Nolting a. Kolin, B. 10, 
139; Limpriclit, B . 18, 218&' Blender needles, 
v. e. sol. water. r 

Salts.—BaA'.aq.—NaA’ aq.— ZnA'._, 9aq.— 
CuA ' 2 7nq. 

Chloride [01°]: large prisms. 

Amide [194°]: small trimetric prisms. 

Bromo-p-xylene sulphonic acid 
C u R,Me 2 Br.S0 3 H [1:4:2:5J. Formal by heating 
diazo-p-xylene-sulphonic acid C 8 H 2 Me 2 <^j; 

[1:4:2:5] with strong IIBr. — BaA' 2 2aq: small 
white plates. 

Chloride: [78°]; small white prisms. 

Amide ; [201°]; small white plates, v. sol. 
alcohol and ether, si. sol. water, benzene, and 
chloroform (Nolting a. Kohn, B. 19, 141). 

Bromo-p-xylene-sulphonie acid 
C 8 H 2 (CH 3 ) 2 (Br)(S0 3 H) [1:4:2:*]. Pearly plates 
or llat needles. Formed by sulphonation of 
bronio-p-xyleno. 

Saits.—NaA'aq : long thin prisms, trimetric 
plates, or six-sided plates.—BaA' 2 : small prisms 
or thin six-sided plates. 

Amide C 8 H 2 (C1I 3 ) 2 (B,)(R0 2 NH 2 ). [200°], 

flat prisms, v. sol. hot alcohol (Jacobsen, B. 17, 
2378). This acid is perhaps identical with the 
preceding. 

Di-bromo-wi-xylene sulphonic acid 

C 8 H(CH 3 ) 2 Br 2 (SG 3 II) [1:3:4:0:2]. Fromdi-bromo- 
m-xylene *[72°] and fuming I1 ; S0 4 (Jacobsen a. 
Weinberg, B. 11, 1534). ^leaflets, si. sol. cold 
water. Reduced by sodium-amalgam to (1,3,2). 
m-xylene sulphonic acid. % 

Salts.—BaA' 2 .—NaA'2aq : leaflets. 

Chloride [107°]: rhombic leaflets. 

Amide [220 y ]: slender needles. 

BROMO - m - XYLENOL 0,11,(011,),13r (Oil) 
[l:3:x:4]. From Br and m-xylenol in IIOAc. 
Liquid (Jacobsen, B. 11, 24). 

Bromo-p-xylenol C (i Il,(GH 3 ),Br(OII) [1:4:*:2J. 
[87°]. From p-xylcnol and J3r (Jacobsen, B. 11, 
27). * 

Di - bromo - m - xylenol C u H(CH. 1 )..Br..(OH) 

[1:3:?:?:4] [73 y ] (J.). 

&>, u 9 Di-bromo-p- % xy^nol C 8 H 3 (CH,Br).,(OH) 
[1:4:2]. [74°]. S. (alcohol) 200. ‘From p- 

xylenol and Br at 100° (Adam, Bl. [2] 41, 288). 
Needles; insol. water, but decomposed on boiling 
with it, IIBr coming off. 

Tri - bromo - o - xyienol C (i (CH 3 )..Br 3 .OH 
[1:2:4:5:6:3]. [184°]. Fine needles. Formal 
by bromination of o-xylenol C 0 Hj(CH a ) 2 .OiI 
[1:2:3] (Tliol, B. 18, 2562). 

Tri - bromo - o - xylenol C B (CH a ) 2 Br,(OH) 
[1:2:3:5:6:4]. [169°]. From (l,2,4)-o-xylonol. 
Felted needles (Jacobsen, B. 11, 28). 

Tri - bromo - m - xylonol C.(CH 1 )..Br,(OII) 
[1:3:2:5:6:4]. [179°]. From (1,3,4)-m-xylenol 
(J.). Bong needles. 


• Tri-bromo-m-xylenol 0 < (CH a ).,Br,.OH 
[1:3:2:4:6:53- [166°]. Fine white needles. From 
m-xylenol O.Hj(CH 3 ) r OII [1:3:5] (Halting a. 
Ford, B. 18, 2679; of. Tliol, B. 18, 362). 

Tri-bromo-p-xylenol C, 1 (Cli J )Jjr ; ,(OH). [175°]. 
Golden yelliw needles (Jacobsen, B. 11, 26). 

BKOMIT- m - XYLIDINE C,H,.BrN i.e. 
C,,II-(CHj)'lir(NH.) [1:3:5:4J. [97“]. From 
acetyl-m-xylidino by bromination and saponifi¬ 
cation. Minute needles (from dilute alcohol). 
Converted by the diazo-reaction into s-bromo. 
xylene (Gcfcz, B. 3, 225; Wroblewsky, A. 192, 
215). 

Di -bromo - o - xylidino C fi It(CH.|). p ,Br s .NHj 
[1:2:1:5:3]. [103“|. Obtained by redn;ife»*»ef 
the corresponding nitro- compound wicn iron and 
acetic acid. Colourless needles. V. soi. alcohol 
ether, and acetic acid. Does not form salts. By 
i sodium-amalgam it is debrominated (Thol, B. 
' 18, 25(12). 

Di-bromo-w-xylidine CJI(CTI 3 ).,Br 2 (NII 2 ). 
From acetyl-w- xylidino by broininating and 
saponifying (Gcnz, B.‘ 3, 225). Needles (from 
alcohol). 

Dibromo-p-xylidine C,.HMe 2 Br. ( (NH,) 

[l:4:5:.r:2]. [05°]. Formed by acidifying ail alka¬ 
line solution of (1 mol. of) p-xylidinc-sulphonio 
acid C ti ILMc 2 (NII 2 )(BO :i U) [1:4:2:5J and (2 mols. 
of) bromine. Also formed by bromination of p- 
xylidinc (NOlting a. Kohn, B. 19, 142). 


BROMO-w-XYLIDINE-SULPHONIC ACID 

C,.IiMe 2 (Br)(Nil.)(S0 3 11) [l:3:5?:l:(>]. Small 
wiiite needles. Bol. hot, v. si. sol. cold water, 
insol. alcohol. Formed by bromination of m- 
xylidine-sulphonic .acid (J ri lLMe.,(NH 2 )(SO a II) 
[1:3:1:0] (Nolting a. Kohn, B. 19, 140). 

Bronio-j* xy Jidino-sulphonic acid 
C u HMe.,Br(NR)(S0 3 If) [1:4:*:0:2]. Small white 
plates. Nearly insoluble in cold water. Formed 
by bromination of p-xylidino-sulphonic acid 
CJUIe..(Nir..)(SO.,U) [1:4:0:2J. —A'K (Nolting a. 
Ivolf.n, IS. 19, 143). 


DI-BROMO-m-XYLOQUINONE C,Br..Me„0 2 
[l:3:4:0:2:5j. [174°J. From mcaitol,CJI.Mo,(OH) 
and Br in water (Jacobsen, A. 195, 271). Golden 
lamime (from alcohol), insol. water and 
Na 2 C0 3 Aq, decomposed by KOlIAq. 

Di - bromo - p - xyloquinono C B Br 2 Me 2 O s 
[1:4:5:2:3:6]. [184°]. Formed by the action of 
bromine upon p-xyloquinone under water. Thin 
golden plates. Insol. water and cold alcohol; 
sol. ether and benzene (Carstanjen, J.pr. [ 2 ] 23, 
,434). 

BRONZE v. Corrnii, alloys op. 

BRUCINE C., 3 Tl., (i N.,0 4 4aq. [105°, hydrated]; 
[178°, anhydrous] (Claus, B. 14, 773); [151°] 
(Blyth). S. *12 at 15°; -2 at 100°. [«]„« -85° (in 
alcohol); -110° to -127° (in C1IC1 3 ) (Oude- 
mans, A. ICO, 09). 

Occurrence —Togetbei* with strychnine in 
nux vomica (the%-.ecdsof Slrychnos mix vomica ), 
in the bean of Bt. Ignatius (the seodof Slrychnos 
Igfuitii), in the wood of Slrychnos colubrina, in 
upas tiente , extracted from the bark of S. tienle, 
and in the bark of Strychnos nux vomica ( False 
Angustura bark) (Pelletier a. Caventou, A. Oh. 
[2] 12, 118 ; 20, 53 ; Pelletier a. Dumas, A. Ch. 
[2J 24, 170; Corriol, J. Ph. 11, 495 ; Liebig, A. 
Ch. [2] 47, 172; A. 20, 50; Rcgnault, A. Ch. 
[2] 08, 113). Brucine, free from strychnine, 
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ooearfl in the bark of Strychnos Ligitslrina 
{Bidara Laut) (Greenish, P\ [3] 9,1013). 

Preparatioji. —Nux vomica seeds (56 lbs.) are 
powdered and exhausted with alcohol, to which 
one-sixth part of water has been added. The 
alcohol is boiled off and the residultreated with 
water (10 lb§.) containing H.,S0 4 (- 1 ^ lbs.). The 
filtrato is neutralised with Na_.CO.,. The pp. is 
collected after a few hours, dissolved in chloro¬ 
form, and the solution shaken with very dilute 
H a SO, which dissolves brucine. The solution is 
placed under a bell jar together \#th a beaker i 
containing ammonia so that neutralisation 1 
^grneends very slowly. The crystalline pp. is j 
extrOTl^with diiuco alcohol, which dissolves ; 
brucine, and the solution allowed to evaporate, i 
The brucine, containing strychnine, is dissolved 
in dilute H 2 S0 4 , and the faintly;ilkalinn solution 
mixed with KI. Tho brucine hydriodide that is j 
ppd. is crystallised several times from alcohol. It 1 
is then shaken with aqueous Na..CO ;l and chloro¬ 
form, the chloroform is then shaken with dilute 
acid and tho base pp* with ammonia (W. A. 
Bhcnstone, C. J. 39, 1;;';J). 

Properties. Monoclinic ellloreseent prisms 
(from dilute alcohol); v. sol. alcohol,chloroform, 
and essential oils, insol. ether and fatty oils. 
Feebly alkaline to litmus or phonol-phthalein 
(Pluggo, Ar. Ph. fH] 25,15). It is bevorotatory, 
tho extent of rotation depending upon the 
nature of the solvents and the concentration of 
the solution. In presence of free acids [a]„ varies 
from -29° to -30-5° (Tykociner, li. T. C. 1, 
144). Commercial brucino usually contains ' 
strychnine, but tho colour which strychnine ; 
gives with oxidising agents is masked by the j 
prescnco of brucino. Tho strycl..*ne may, how¬ 
ever, bo detected by adding dilute 1 f NO., and then 
extracting the strychnine with chloroform in 


76; Hanssen, n. au, *»x;. K^Cr-jO, and H 3 S0 4 
oxidise cacotheline to !u, 6 H, 8 N 2 0 4 , which is alsc 
formed by the oxidation of brucine.—3. Brucine 
(1 mol.) heated with Ij pi at 140° gives off MeCl 
(between 1 and 2 mol/.). Brucine is therefore 
possibly C.>,H., 0 (OMoJ,N..O., strychnino being 
C 9 l H M (On).NA (Sli; nstone, C. J. 43, 101; cf. 
Hanssen, B. 17,226^.-4. Yields on diilillation 
with potash several' pyridine bases. AmSngst 
otlfors (/3)-di-methyl pyridine and (/3)-tri-mothyl- 
pyridine, quinolin ‘ tetiahydride, together with 
probably a di-iy thyl-pyridine (Oeclisner de 
Coninck, A. Ch/fj ] 27, 507; C. if. 99, 1077 ; III. 
[2J 42, 100). 5. Distilled in vacuo with zinc- 
dust it yields earbazol fLrrbisch a. Sclioop, M. 
7, 613).—6. Alkaline KMnO, gives off about 
half the nitrogen in the free slato (Wanklyn a. 
Chapman, C. J. 21, 161).—7. 1C1 forms a light 
floceulent jq). in solutions of salts of brucine 
(Dittmar). 

Salts.—B'JIGI: crystalline tufts, m. sol. 
water.—B'TIOIHgCL: long needles (from alco¬ 
hol).—B'.Hi’tCl.j: yellow pp. —B'lllaq: rect¬ 
angular lamina- or very short prisms; m. sol. 
hot water.—Ti'lTI,: brown violet needles (Jor¬ 
gensen, .4. Ch. [ 1 ] 11, lit; J. pr. 1 21 3, 160).— 
B'JJJ,: unstable orange needles. 1>'IIN0 3 2aq : 
four-sided prisms; less soluble in water than 
strychnine nitrate. BBlLKO^aq: long needles, 
v. sol. water, si. sol. alcohol. B'.,H„S 2 O s 5aq; 
S. 1 at 15° (TTow, N . Ed. P. J. [new] i) 8 ).— 
B / 3 ]f.S rt Gaq : [125’J; insoluble yellow needles, 
formed by atmospheric oxidation of an alcoholic 
solution containing II,S (Schmidt, A. 180, 296; 
B. 8 , 1267; 10. «838, 1288). — li'.Jl.S,.,. — 

]>'.JI :( PO.,rraq (Anderson, P. M. [3] 33, 163).— 
B / .,rT,FeCy,| 2aq: hygroscopic needles, in. sol. 
hot water (Brandis,/l. 66,266). ]>\[I,FeCy 0 4aq. 
—B'J I.b’tCVfi: white powder (Holst a. Beckurts, 


presence of excess of K01I (Shenstono, Ph. [3J | Ar. Ph. [3 1 25, 313). — B',Tr i Fi*.Cy lt Oaq. — 
8 , 145; Ilanriot, G. II. 97, 207). Brucino is | B'.lI.CoCy,, 10m; (Loo, Am. S. [2] 2 , 44).— 
affected by heating with acids, alkalis, oi. even ’ B' 2 lLNiCy 4 (L.).—1/IICyS: scales, sol. water.— 
water, and lienee much is lost by the usual , Periouate: needles (Boduker, A. 71, 64; 
method of preparation, but the products being ] Langlore, A. Ch. [3J 31,278). Niiroprussido: 
usually amorphous, the unaltered brucino is ; S. ’15 at 15° (Davy, Ph. {3| 11,756). Acetate: 
easily separated in a pure state. | crystalline, but gummy if impure (Shenstonc).— 

Colour tests. ~V. p. 124. The most charac- ! Dext,ro - tartrates : B'„0 4 ir„O ( , 51aq,— 
teristic is the red colour with nitric acid, which, ! B'._.C,II li O (i 8 aq, B'G.fI ( ,(\.— B/evo-tartrates: 
after warming, is turned violet by excess of B / „O l II, s O, i llaq, B'C 4 H O,. 5aq (Pasteur, A. Ch. 
ammonium sulphide (u. also Cotton, Z. [2] 5, [31 38, 472), — B'C^I^SbOJO,, (Stenliousc, A. 
728; J. Ph. [4J 10, 18; Luck, [2] <1, 275; 129,26). 

Le Linde, C. N. 37,1)8; Fluckigcr, Fr. 15, 312; Me i lo-iodide B'MeT 8 aq: laminro 

Hager, Fr. 11, 201; DragcndoriT, Fr. 18, 108; (from water)' rosiitificd by boiling KOH (Stahl- 
Pandis, G.C. 1872, 110; Struve, Fr. 12, 16k; schmidt, P. 108, 513). — B'MoJ 3 . — B'Mel v — 
Buckingham, Ph. [3] 3, 881). j Mcthylo-bromide B'McBr 2.1 aq.— Mcthylo- 

Reactions. ~1. Brucine (60 g.) heated with ! chloride B'ATef!l5aq : v fol. water and alco- 
alcohol (COO c.c.) and NaOII (30 g.) at 100 ’ for j hoi. — B',,Mc,,PtCl„. — B'HAiiCl,. - Mcthylo- 
12 hours forms a solution which, after neulr.ili- \ sulphate B' 2 Mc SO., 8 aq: radiato crystalline 
sation with C0 2 , filtration and evaporation, \ mass, v. sol. water. B'Mo 2 S0 4 2aq.—-ilfc£7t?/Zo- 
loavcs a varnish co^aining son^e crystals. The} nitrate B'MeNO, 2aq. The physiological ac- 
crystals (7 g.) sepaiuted from the varnish by j tion of these salts has been studied by Crum 
washing with water and purijfed by solution in i f Brown (T. E. 25). o 
very little dilute HC1 and ppn. by NH^ are * Etliylo-iodide B'EtTAaq: not decom- 
thrown down as microscopic crystals of posed by KOII but converted by moist Ag 2 0 into 
C 21 H 2 S N..,0 5 (2\g.). This gives a yellow colour a very soluble alkaline hydroxide:—B'EtI 3 .— 
withH.N0 3 ; a pp. with bromine, and on boiling B'Etl. aq. — Ethylo • platino - chloride 
a magenta colour. An ammoniacal solution B' 2 Et 2 PtCl 6 . f^ilkynecdles(Gunning, J. pr.07,46). 
turns purple in air and finally green (Shen- Broino-ethylo-bromide B'C 2 H 4 Br 2 3aq: 
Btone).—2. HNO s (S.G. 1*2 to 1*4) forms a red from brucine and ethylene bromide at 100°; 
Bolution, producing ‘cacotheline’ C 2 l H 2 .,N 4 0 H , forms furcate groups of nacreous laminre (from 
Oxalic acid, and methyl nitrite (Streckor, A. 91, ; water), AgNO a pps. half the Br. Moist Ag,Q 
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ten* the vinylo-hfdroxide B'C,H,OH 
which is strongly fdkaPne; two oi its salts 
are ByCAClLPtClTaU B'C,H,,SO,H8aq.— 
Bromo-ethylo-platinpchloride 


B' 2 (CJI,Br). J PtCl„ (SchadU. 
Allylo-iodidc B'Cjfl) 


118, 207). 


i - chloride 
chloride 

... . ... .... „ ■ Isoaruylo- 

iodides B'G s H„I J .-B'C 5 HVl s . 

Bromo-brncine C., f f . ,!hV . 0 ,. Formod by 
adding an alcoholic solution y to an aqueous 
solution of brucine sulphate Small needles 
(Laurent, A. Ch. [3] 21,311: cf. Beckurts, B. 
18, 1238). 

Nitro-brucine C 2 ,II 2 J (N0,)0,N 2 . Formed by 
nitration of brucinc-methylo-iodido suspended 
In absoluto alcohol. Largo rod trifcietric crys¬ 
tals. Carbonises at about 210° without melting; 
sol. water. Salts.—B'lINO a : glistening yellow 
needloB, v. sol. water, si. sol. alcohol and ether.— 
B'jHjCljPtCl.: lino yellow needles (Hanssen, B. 

13, 520). 

Amido - brucine C.,.,n.,,(NH.,)0,N.,. Formed 
by reduction of nitro-brucine with tin and 1IC1. 
V. sol. water. Not isolated. Fo.Cl, produces 
a green colouration changing to brown. Very 
dilute KjCr a O, produces a fugitive blue-violet 
colour. Strong UNO, gives a yellow solution 
which is turned red by SnCl,.— B"'H,C1.,: 
colourless prisms.—B'" ! lI„Cl„Pt ; ,Cl| 2 ”: yellow 
amorphous pp. (Hanssen, B. II), 523). 

Dinitro-brucine C.,H. J (N0 2 ) ; 0,N 2 . Prepared 
by the action of UNO, on jm alcoholic solu¬ 
tion of brucine. Bed amorphous powder. V. 
sol. water, si. sol. alcohol, insol. ether. — 
(B'HCl) 2 PtCl,: yellow pp. (Claus a. Rohro, B. 

14, 765[. 

BRYONIN C ( JT ni O,., An amorphous bitter 
snbstanco in the root of the rcn-bcvricil bryony 
( Bryonia dio'ica) from wliiclyt fiiay bo extracted 
by boiling water. It appears to be resolved by 
dilute H.SO, into glucose and two amorphous 
bodies, bryoretin C 2 ] H., 5 0 7 sol. ether, and 
hydro - bryoretin C.,11.,,0, insol. ether 
(Brandos a. Firnliaber, Braudes' Ar. iVi. 8 ,35(1; 
Walz, C. C. 1859, b). 

BtfCHTJ. The leaves of several species of 
Barosma growing at the Capo contain a volatile 
oil and a crystalline substance [85°j (Fliickige'-, 
'Ph. [3) 4, C89; Jones, Pit. [3] 9, 073). 

BURETTE v. Analysis, p„ 248. « 

BUTALANINE v. Amido-dutyiiIc ACin. 

n-BUTANE 0,11,. if. CI1,.CH 2 .CH 2 .CH ;1 . Di¬ 
ethyl. Methyl-propyl. Butyl-hydride. Mol. w. 
68 . (1°) (Butlcrow, A. 1807, 303). S.G. 5 -00. 
V.D. 2-31 (calc. 2 - 01 ) (Ronalds, C. J. 18, 64; 
Pelouze a. Cahonrs. A. Ch.\ 4] 1, 6 ). S. (gas 
in alcohol) 18 at 14°. Occurs in petroleum 
(R.). Formed by tbo action of Zn on EtI at 
160° (Frankland, A. 77. 221; Selioyen, A. 130, 
233). Also, together with butylene, by heating' 
butyl aloohol with ZnCl 2 (Wurtz, A. 93, 112). 
Prepared by tho action of sodium-amalgam on 
EtI (Lowig, J. 1860, 397). 

Iso-butane (CH,)„CH. Trimethyl-mcthane, 
Secondary butane. (—17°). H.F. p. 42,450. 
H.F. v. 40,180 (1h.). Prepared by slowly pour¬ 
ing ferf-butyl iodide into water containing zino, 
tho equation being 2(CH,),C1 + H a O + Zn. 
“ 2(CH,),CH + ZnO + Zal r Also from iso-butyl 


iodide and A1.01, at 120° (KOhnlein, B. 16,662;. 
Colourless gas. < Chlorine converts it into 
(CH,),C.C1 (Butlerow, A. 144,10). Br at 100° 
forms di-bromo-butano (Carius, A. 126, 196). 
Excess of Brat 300° forms C„Br, (Morz a.Weith, 
B. 11, 2244/ 

BUTANE CARBOXYLIC ACID, v. Boiraro 

ACIB. 

Butane di-carboxylio acid v. PaorvL-stALONW 

ACID, ISO*PROPYL-MAI.ONI0 ACID, METHYL ETHYIi- 

malonic acid,Ethyl-succinic acid, two Di-mkthyi,- 

SUCCINIO ACink, Anil'ic ACID, a-METHYL-OLIJTAHKI 
acid, and B-Mkthyi.-ulutaiiic acid. 

Butane non, - tricarboxylic acid Oil, 
MeCII.CH(C0 2 H)CH(C0.II) 2 . Ethyl .JiimyU 
tri-carboxylic acid. [119°). Got by saponifying 
the ether with alcoholic potash (Polko, A. 242, 
115). White rhombic crystals. V. e. sol. water, 
alcohol, ether, acetone, v. sol. chloroform.— 
Salts.—A"yia„ insol. water and alcohol.— 
A"'Ag,lJaq, si. sol. water.—A"'.CaH„ insol. al¬ 
cohol, v. sol. water. —A'"CaII2)aq.—A"' a Ca„ 
hygroscopic.—A'".Zn 3 Gaq, v. e. sol. water, insol. 
aloohol.-— A"'..Sr,0aq. * 

Ethyl ether MeCILCH(C0..Et)CH(C0 2 Et) 2 . 
(270°). (189° at 00 mm.). S.G. -)-£ 1'005. Formed 
by acting on sodium inalonio ether with a-bromo- 
butyric ether in alcoholic solution (P.). 

Butane aaB-tri-carboxylie acid 
CH s .CH(C0 2 H).C(C0 2 H) 2 .ClI r Bulcnyl-tri¬ 
carboxylic acid. [157°). V. sol. water, alcohol 
and ether. On warming it yields s-di-mothyl- 
sucoinio anliydrido [87°] (BischoB a. Bach, 
A. 234, 54). Salts.—BujA'".,.—Ca 2 A'" 2 . 

Ethyl ether Et a A"'. (c. 190°) at 50-60 
mm.; (273°-275°) at ordinary pressure. Liquid. 
Formed by the action of a-bromo - propionio 
ether upon sodio-melliyl-malonio ether. By 
boiling with X1C1 it is converted iutos-di-mothyf- 
succinic acid [189“] (Lcuckart, B. 18, 2340). 

Iso-butano tri-carboxylic acid 
Mo 2 C*(CO...H)CH(COJI) 2 . [120°). Prepared by 
saponifying the ether with alcoholio potash 
(Barnstein, A. 242, 128). Needlo-sliaped crys¬ 
tals (from water). V. c. sol. water, alcohol, 
ether, acetone, v. si. sol. chloroform, benzene, 
petroleum ether, carbon disulphido. Decom¬ 
posed by boiling with water, giving oil C0 2 . 
Halts.—K s A'"2aq. Quadratic prisms: v. e. sol. 
water, insol. alcohol. -Ca 3 A"' 2 9at|: m. sol. water. 
—CaA'".,2aq : v. e. sol. water.—Sr,A'" 2 7aq. 

Ethyl ether Et a A'". (181°-185°) at 30-40 
mm.; (279°-281°) at ordinary pressure (L.); 
(673°) (B.). S.G. ->? 1-001. Liquid. Formed 
by tho action of a-bromo-isobutyiio ether upon 
sodio-malonic ether. By boiling with HC1 it is 
converted into n-di-incthyl-succinio acid [139°] 
(Leuckart, B. 18, 2350; Barnstein, A. 242,126), 

Butane wayy-tetra-carboxyBc ether C ]e H„„0, 
i.e. (C0 2 H) 2 .CH.« , H 2 .CH 2 .C»;C0 2 a).. (275°-280°) 
at 225 mm. Fornmd, together with trimethylene 
diearboxylio acid, by tho action of ethylene 
bromide on sodium malnio ether (Perkin, jun., 
O. J. 51, 17 ; B. 19, 2038). The yield is very 
small. The corresponding acid splits up when 
heated into C0 2 and adipio acid. By treatment 
with sodium ethylate it gives a di-sodio-deriva- 
tive which by the action of bromine yields tetra- 
CH 2 .C(C0 2 Et), 

methylene-tetra-carboxylic ether I J 

0H,.C(0O,Et)i 
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Ifo-bntan# tetra-carboxylio ether 
(Ob J Et),OH.OHMe.OH(CO. J Et).. (o. 211°) at 
20 mm. A by-produot in tile preparation of 
ethylidene-malonio ether from aldehyde and 
malonio ether j it is formed by the addition of 
malonio ether to ethylidene-malonio ether 
CH 3 .CH:C(C0 2 Et) , (Komnenos, Ad 218, 158 j 
Claisen, J.pr. [2] 35, 411). Tho corresponding 
aoid is split up by distillation into CO,, and /3- 
methyl-glutarioaoidCO i H.CH,.CHMe.CH 3 .CO.H. 

Butane aaRR-tetra-carboxylio ether 
(C0 2 Et) 2 CMe.CMe(C0 2 Et) 2 . Di-mcth^l-acetyUm- 
tetra-carboxylic ether. S.G. {5 1-114. From 
sodio-methyl-malonio ether by the action of 
MMfaMMapf chloro-methyl-malonic ether. From 
sodio-ethano tetra-carboxylic ether and Mel 
(Bisohoff a. Eaoh, B. 18,1202; A. 234, 70). 

Butane tetra-carboxylic etber 
CH(C0 2 H) 2 .C(C 2 U.,)(C0 2 Et) 2 . Ethyl-acctylmc- 
tetra-carboxylic acid. Thick colourless oil; 
formed by tho action of ohloro-malonio ether on 
sodio-cthyl-malonio ether (Bischoff a. Bach, B. 
17, 2785). 

Butane hoxa-carboxyKo ether 
C0 2 Rt.CH. 2 .C(CO.Et) 2 .C(CO 2 Et).,.CH 2 .CO,Et. 
[57°]. Six-sided tables. From sodium ethane tri¬ 
carboxylic ether (C0 z Ht). i CNa.Cli 2 .C0. 2 Kt by tho 
action of iodine or of "(C0.,Ht)„CCi.CH 2 .C0 2 Et 
(Bisohoff, B. 16, 1016; 17, 278ii). 

ISO-BUTANE SULPHINIC AMD 
(CH 2 ) 2 CH.CII.,.S0..II. From iso-lmlanc sulpho- 
ohlorido by zinc-dust (Pauly, Tt. 10, 012). 
Liquid. Itcduced by nascent hydrogen to iso- 
butyl mercaptan.—/nA'„. Plates (from alcohol). 

jt-BUTANE SULPHONIC ACID 0,11,80;,II. 
Formed by tlio action of IINO : , on n-butyl mer¬ 
captan (Grabowsky, A. 175, 3li). r ,liick syrup, 
V. sol. water and alcohol, m. sol. ether. —AgA'; 
plates. — PliA 8 : plates, si. sol. alcohol. — 
PbA' 2 ,2Pb(OH) 2 : crystalline powder, si. sol. 
water.—BaA'„ aq: plates—CaA' 2 ,2aq. —NaA’: 
plates. 

Iso-butane sulphonic acid 
(0H 3 ) 2 CII.CH.,.SO 3 H. From iso-butyl mercaptan 
and IIN0 3 (Mylius, B. 5, 978). Syrup. Its 
salts are v. sol. water.—AgA': scales.—BaA' s : 
needles. 

Chloride C 4 II„S0 2 C1 (190’) (Paulv, B. 10, 
942). 

ISO-BUTENYL ACETATE CH 2 :CJIe.Clf ,OAo 
(120°) (SoheschukoU, J. R. 10, 502). 

BUTENYL ALCOHOL 0,11,0 i.e. 
CH,.CH:CH.CII 2 OH. (117°). A product of tho 
action of iron and acetic acid upon crotouio< 
and tri-chloro-butyric aldehydes (Lichen a. 
Zeisel, M. 1,825). lit gives CTI,.CH.,.CHl.cn 3 . 

Isobutenyl alcohol CH 2 :CMe.CIL.dH. (113°). 
S.G. s -8695. Formed by boiling isobutenyl 
chloride with very dilute K. 3 C0 3 (Schcsclmkolf, 
J. B. 16, 499). Dilute HjSO, changes it to iso- 
butyrio aldehydo. Hi forms to-f-uutyl iodide. 

Ethyl ether CH 2 :CMe.CIIJ.OEt (78°-85'’). 
From isobutenyl chloride and KOEt. t 

Scc-isobutenyl alcohol CMe 2 :OII.OH. 

Methyl ether CMc.-.CH.O.Me. Methyl 
isocrotyl oxide. (70°-74°). From bromo-iso- 
butylene and NaOMo at 140°. Dilute H 2 SO, at 
140® gives HOMe and isobutyrio aldehyde (Elte- 
kofl, B. 10, 705 ; J. B. 9, 163). 

1 Hthyl ether CMo 2 :CII.OEt. (93°). Simi¬ 
larly prepared (E.; S.; Butlerow, Z. 1870, 521). 


BUTENYL-TRI-AU'WE 0H(0H 2 NHj),. 
(above 160°). From tt s nitrile of methane tri- 
oarboxylio aoid CH(CS) si 7 tin, and HOI. — 
B' s 3HjPtCl s (Fairlie, C! T. 16,362). 

BUTENYL-BENZEl, E v. Phenyl-butylene. 

BUTENYL CHLORAt'’ Ciiloiio-iuttylene. 

(a).BUTENYL-CU^ENL 0,H ( PrC,H,. Iso- 
propyl-butenyl-bcmfiA « (213°) ^ S.G? -Sylo. 
Obtained from br-’no - cumyl - valcrio aoid 
C„Ii‘ l Pr.CH,„CBrEt.Cv> 2 Hand N# ,CO,Aq (Perkin, 
C. J. 32, 602). Fo; as a d'brof ido [77°]. 

(8)-Butenyl-oui I ano / H 4 l-r.C,H ; . (235°). 

S.G. -889. Cuuinic J deliyde (10 g.) sodio 
isobutyrato (5 g.) an<(f isobutyrio anhydride 
(15 g.) are heated together. The (lily product is 
distilled with water and then over solid KOII 
and Na (Perkin, C. J. 35, 141). It forms a 
liquid dibromide. 

BUTENYl-QLYCERIN v. Tni-oxY-mmNE. 

DI-BUTENYL-KETONE v. Di-allyl-acetone 
(p. 131). 

o-BUTENYL-PHENOL. 

Methyl ether 

[2:1] MeO.C, i H,.CH:CII.CH 2 .CTI 1 . (233°). S.G. 
*0817; 55 *9710. From tho methyl derivative of 
oxy-phcnyl-angclie acid by successive treatment 
with III and Na 2 CO.,Aq (Perkin, G. J. 33, 213). 
Oil. Combines with bromine. Forms a red 
solid with II 2 S0 4 . 

p - Butenyl - phenol. Methyl ether 
[4:1] McO.C (i II,.C 4 H 7 . [17 j ]. (213°). S.G. ^ 
*973. Prepared like the preceding (Porkin, 0. J. 
32, C71). 

o - Iso - butenvl - phenol C l 0 H r O i.e. 
C 4 H 7 .C fi II 4 .01I. (223°-225°). S.G. ^ 1017. 
Salicylic aldehyde (30 g.) sodic isobutyrato 
(22 g.) and isobutyrio anhydride (45 g.) are 
heated together for 4 hours. Water is added to 
the product, and tho oily bulenyl-phenyl isobu¬ 
tyrato saponified l by alcoholic KOII. Tho alco¬ 
hol is boiled oil, dilute 1101 is added and tho oil 
which separates is instilled (Perkin, C. J. 35, 
142). 1'roper ties. —Oil, with smoky and cedar- 
like odour. Sol. potash but insol. NIL,. With 
salicylic aldehyde and cone. H a S0 4 it forms a 
purple solution. 

p - Iso - butenyl - phenol C l( ,n | ( 0 i.e. 
C 4 H..C„II,.OH. (230°-235°). From;;-oxy-ben. 
zoic aldehyde, sodio isobutyrato and butyria 
anhydrido. Yield small (Perkin, C. J. 35, 145) 
An oil which solidifies in a freezing mixture. 

Moth/l ether C l U,.C li H r OMo. [9°]. 
(237°). From Anisic aldehydo (20 g.), sodic iso¬ 
butyrato (15 g.) and isobutyrio anhydride (30 g.) 
by boiling at 180°. The product is distilled 
with steam and the oil u irdover Cooled 

by ico and IICI it solid',lies. On oxidation it 
yields anisic and ace ic acid. 

a,. BUTENYL - STYRENE CJI : ,.CTI:CII.C 4 H, 
(215 0 -248°). Phenyl hexinene. Cinnamic alde¬ 
hydo (10 g.), sodium isobutyrato (15 g.) and iso- 
bytyrio anhydride (10 g.) uto heated together for 
twb hours. CCL comes off, and tho residue is 
distilled with steam, washed with NH 3 , dried 
and rectified over Na (Perkin, C. J. 35, 141). 

Properties. —Lighter than water. Rapidly 
oxidises in air, becoming a rosin. It combines 
with bromine. 

Txo-EUTENYL-TOLYLENE-o DIAMINE 
0„H„N, M. C,H t <KK>C.0,H,. (158°). 
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Formed, together with f small quantity of tolu- 
butyraldehydine C 7 ^ a <^!Q^*Q“g 7 , ^ shaking 

■a cold acetio acid Solution of tolylene-o- 
diamine (1 mol.) with rn aqueous or alcoholic 
. solution of butyric aldehyde (2 mols.). Small 
'colourless needles. V. Y”)l. alcohol and ether, 

• si. solf-wator. Very bit Ik* taste (Hinsberg, B. 

■ 20*1589). \ 

BUTINENE C 4 H a \c. CIL:CU.C1I:CH 3 . 
Erythrcne. Vinyl - cthyfrnc. Pyrrulylene. 
Occurs in the liquid got by impressing coal-gas 
(Caventou, B. 6 , 70; Grini;»xift. Cloez, O. 11. 
104, il 8 ). Formed also (?) ry passing fusel oil 
through a red-hot tube (Caventou, A. 127, Oil). 
Obtained by boiling etytlirito with cone, formic 
acid (5 pts.) (Tlcuningor, B. 0, 70); and by 
the action of KOII on di-mcthyl-pyrrolidino 
methylo-iodide (Ciamician a. Mag4laghi, B. 1!), 
5G9). A gas. It forms a tetrabromidc [119 ’]. 
Pyrrolylene and the butineno from erythrito 
form also a second tetrabromidc (40 J J so that 
they are probably mixtures of two butinenes. 

Butinene CH r CIL.C:CH. Ethyl-ax cfylcac 
Crotonylcnc. (18 ). From methyl ethyl ketone 
by successive treatment with alcoholic KOI I and 
PC1 5 (Bruy I ants, B. 8 , 412). Gives a white pp. in 
ammoniacal AgN0 3 and a yellow pp. in ani- 
moniacal cuprous chloride. Mercuric chloride 
solution gives a pp. of (C,il a ) 2 (JIgOHgCl ;.) 3 
(KutsclierofI, B. 17, 24), whence JIC1 produces 
methyl ethyl ketone. The sarno butineno 
appears to bo formed when a mixture of 
acetylene and othyleno is passed through a 
rod hot tube. It forms r« tetrabromidc [113 
(Berthclot, A. Gh, [4] 9, 400; Frunier, Bl. 
20, 72; A. Ch . [SJ 17,17; G. 11. 70, 1410). 

Butineno C1J-,.C:C.CTT. 1 (?). Grotom/Jcnc. 
(18°). From crude butylene bromide and alco¬ 
holic KOH (Caventou, A. 127* 317). From a/J- 
di-bromo-hutano and alcoholic KOTI (Almedin- 
gen, J. It. 13, 392). Also*, formed by distilling 
barium acetate with 8 (Ffankuch, J. pr. [2J 
G, 110). IL 8 D., (3 mols.) diluted vt’th water 
(1 mol.) converts it into hexa-metliyl-beiizeno. 

Butinene 0,11,.. Caouichin. [-10°]. (15°). 
8 .G. r? *65. Formed by the dry distillation of 
caoutchouc (q.v.) (Bouoluirdat, A. 27, 33). 
BUTINENE GLYCOL v. Di-oxY-mmmwK. 
BUTONENE-AMIDO-PHENYL MERCAP- 
# TAN C„ilI, 2 N 2 So i.c. 

C (i H 4 <^C.CH 2 .CIL..C<^>C (i n i .. [137°J. 

From nmido-phcnyl-o-morcaptau and succin- 
amide (Ilofmann, 13. 13,1231). Needles (from 
alcohol).—B'HAuCl,. 

BUTYL DERIVATIVES of hydroxylic com¬ 
pounds arc described uniter Hie compounds of 
which tlioy nvo tho ethers. 

DI-BUTYL v. Octane. 

BUTYL ACETATE CJT,.,0 2 i.c. C ) TT„.OAc. 
(124-5°). S.G. § -9016. C.E. (0°-10") -00113. 
S.V. 150-G (Gartenmcistcr, A. 233, 250). 1'rrtn 
butyl iodide and AgOAo (Lielicn a. Rossi, A. 
158,170; Linuomann, A. 101,193; Pribram a. 
Handl, M. 2, 093). 

Isobutyl acetate (CH,).,CH.CH,.OAc. V.D. 
4-073 (oalo. 4-017). (110-3°) (Elsiisser, A. 
218, 326); (117° cor.) (Perkin, G. J. 45, 495; 
i(U2-8°) (R. Schiff, A. 220, 109). S.G. i -8921 
t(E.); & -8771; §§ -8088 (P.). C.E. (0°-10°) 


•001137 (E.). M.M. 6-623 at 10°. S.V. 150-10 
(E.); 152-5 (S.). Formed from isobutyl iodide 
and AgOAo, or distilling potassium isobutyl 
sulphate with KOAc (Wurtz, A. 90,121). 

Sec-Butyl acetate CH 3 .CH..CH(OAo).CH 1 . 
(112°). S.O.2-892. From sec-butyl iodide and 
AgOAo (Dj Luynes, J. 1804, 501; Lieben, A. 
150, 112). 

Tertiary Butyl acetate (CH : ,) 3 C.OAo. (93°- 
90°). From tile iodide and AgOAo. Readily 
saponified by baryta-water (Rutlorow, A. 144, 7). 
ISO-BUTYL-ACETIC ACID v. Hexoio Aon). 
ISOBUm-ACETO-ACETIC ETHER v. p. 24. 
BUTYL-ACRIDINE C„II„N i.e. 

„ /C(C,H„) .**— 

C u IIiV I > C„II,, From valeric acid- v )u g.), di- 

'N 


plienylamine (30 g.) and End, (50g.) heated 
gradually for 20 hours up to 220’ (Bernthsen a. 
J. Traubo, A. 221, 41; B. 17, 1508). 

Salts.—13’lICl [191°J: yellow columns, v. 
sol. water or alcohol, very dilute solutions show 
bhiefluorcsconec. Insol^thcr.—13'IINO a [139°).— 
R'H,CrO ( [c. 100 ’J. 

Dihydride C, JI,:N(C,H,,). |08°-100°J. Got 
by reducing the hydroohlorido with zinc-dust. 
White plates (from alcohol). 

BUTYLACTIC ACID v. Oxv-nurvnio acid. 

BUTYLAL v. Rirrvmc Al.iierrviiH. 

BUTYL ALCOHOL C.11,,0. Mol. w. 74. The 
four butyl alcohols indicated by theory are 
known. 


»-Butyl-aleohol CH,.CH...Cn,.CII.,OH. (117° 
cor.). S.G. ° -8233 (Zander, A. 221, 79); 2 ° -8096 
(Briihl, A. 203, 1G). 8.8-3. C.E. (O ’-10 )-00087 
(Z.). p,, 1-4010. S.V. 101-0 (Schiff, A. 220, 
101). 11, 35-45 (11.). Critical point 287° 

(Paulcwsky- B. 10, 2031). 

Occurrence. In the heavy oils from brandy. 
It is completely absent from the products of the 
fermentation of sugar with elliptical yeast 
(Claudon a. Morin, G. B. 101,1187). 

* Formation.. —l.From lm t.y ryl chloride, butyric 
acid and sodium-amalgam (SaytzolT, J. pr. [2J 
3, 70). 2. liy tho fermentation of glycerin by 
a Schizomycrtcs or by certain Bacteria in pre¬ 
sence of CaC0 3 and ammonium tartrato; n- 
bntyrio acid and a little alcohol are formed at 
the samotimo (Fitz, B. 9,1318; Vigna, B. 16, 
1138).—3. A product of the reduction of butenyl 
alcoltol (Lieben a. Zeiscl, it. 1, 825). 

I 1 reparation. — From butyric aldehyde, 
water, and sodium-amalgam (Lichen a. Rossi, 
O. It. 08, 1501; 78,1501; A. 151,121; 158,137; 
105,115; G. ■7.24,516; Linnemann, A. 161,179). 

Properties. —Liquid. Separated by CaCl, 
from aqueous solution. On oxidation it produces 
butyric acid. Fused ZnCl, forms the two »- 
butylenes (Lo Iiel a. Greene, G. B. 89, 413). 

Combination. - (CjH^OJjCaCl, (Heindl, M. 

2,200). • «• 

Iso-butyl alcohol (CH^CH.CII/IH. (106-6°- 
100-8°) at 703-2 mm. (It. ,Schiff, A. 220, 102) 
(W 8 °) (Linnemann, A. 100, 238). S.G. V -8062 
(Briihl); « -8009 ; -°3 -8009 (P.). S. 9'6 at 18°. 
S.V. 101-63. H.F. p. 71,150. H.F. V. 68,580 
(Th.). Pis 1-4007. It* 35-41. M.M. 4-936 at 
17-7°. 

Occurrence. —In fusel oil from beet or pota¬ 
toes and other sources (Wurtz, A. Oh. [3] 42, 
129 ; A. 85, 197; 93, 107; 0• fl- 85, 840). 
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...-.yl angelateand isobutyrate occur in Roman but the presence of k? trace of HC1, HBr, oi 

oil of chamoznile (Kfibig, A. 195, 96). * especially HI, is auffie tt to split it up, forming , 

Formation. —1. Isobutylene oombines with pseudobutyleno. TJ reaction commences ai 
ClOH forming (0H 3 ) 2 :CC1.CHX)H, which is re- 220° and is complete# 1.5 dr 6 hours (Bougaiefif 
duced by sodium amalgam and water (Butlerow, a. Wolkoff, Bl. [2] 45 9). 

A. 144, 24).— 2. Isobutyl alcohol is produced by Tertiary butyl a d hoi (CH.,) s C.OH. Tru 

the action of Bacillus butylicus rpon sugar, mcthyl-carbinol. [25°' (83° cor.). S.G. 2 - -779 
glycerin, & eleven in presence of 8 p.c. alcohol (Linnemann); * 7 ' j (Butlerow); -78G; 

(Ordonneau, T7. R. 102, 219 ; Claudon a. Morin, 2 / *780 (Briihl); }.- 7830; *’ '77G1 p’erlgn)* 
C. B k 104, 1187). M M. 5-122 at 24-3°. '* „ 1-311*21! II85-53. Cri. 

Properties.— Liquid; smelling like fusel oil; ticctt' point 235° (Pav ewski. B. 10, 2034); 
separated from its aqueous solution by CaCL. Formation.— 1. dno mothide (2 mols.) and 
The*rate of etherification has bee* studied by acetyl chloride (1 mol.) mixed at 0\ form, 
Menschutkin (A. Ch. [5J 23, 14). after some Ik .it , a crystalline com; ound, 

Reactions. — 1. Cr0 3 produces isobutyric, Cll 3 .CMe(OZnMe),de, which is decomposed by 
tfBbfcl^fekcarbonic acids, and acetone (Kramer, water into tertiary butyl alcohol, Zu(Oil) 2 and 

B. 7, 25?f*Schmidt, B. 7, 1301).--2. Distilled CH, (Butlerow, A. Hi, 1 ; Wagner a. Sayt/elT, 

over zinc-dust splits up into isobutylene A. 175, 30 L; I’awlolT, A. 188, 1 18 ). - 2. Together 
and H 2 0 (Jalin, B. 13, 989).—3. Dropped with isobuty^alcohol by treating isolmtyl iodide 
upon fused ZnCl 2 it forms isobutylene and with acetic acid and Ag.,0 (Linnemann, A. 102, 
CH s .OH:CH.CH, (Le Bel a. Greene, Am. 2, 23). 12; Butlerow, A. 108, 143).- 3. b'rom isobutyl- 
4. Heated with ammoniiieal ZnCl.. at 260°-280° amine and J1N0 2 .—4. Prom isobutyl cyan ate 
it yields a mixture of mono-, di-and tri-isobntyl- and KOII (rjinnemann, A. 102, 12).—5. From 
amino (the latter in simpler quantity), the yield tertiary butyl iodide (f/.v.) and water, even in the 
of mixed bases amounting to 50 to 70 p.c. of cold (Dobbin, C. J. 37, 238).—0. A mixture of 
the alcohol used (Mcrz a. Gasiorowski, B. 17, ! iso- and te.rt- butyl chlorides is got by heating 
623). isobutvl alcohol with MCI; when healed with 

Combinations. —(C 4 H 10 O) 3 CaCl 2 (Ileindl, At. water (0 vols.) at 100 1 tho chloride of /erf-butyl 

2 , 208). alcohol is tho only one converted into its alcohol 

Metallic derivatives. — KOC JI,,. — (L'Yeund, ,T.pr. [ 2 ] 12, 25). 

Na0C 4 H,,(C 4 H 1 ( ,0 ) 3 (I)o Forcrand, C. B. 101, Preparation .—Liquid isobutyleno is scaled 

169). —AL^OC,!!,,).. [140°]. S.G. - *9825 (Glad- j up with twice its volume of a mixture of equal 
stone a. Tribe, C. J. 39, 6 ). From Al (1 g.), : parts of water and sulphuric acid, and tho con- 
iodine (2 g.) and isobntyl alcohol 40 c.c. at 100\ tents are left till homogeneous and then distilled 
The yield is good (16 g.). Once fused it remains (Butlerow, '/,. [2] 237 ; A. 180, 2 Hi), 

long fluid at 70 ’. i Properties. Tmnotric prisms. Forms a 

Secondary butyl alcohol hydrate (C,II 10 O) 2 ll..O which boils at 80° (But- 

CH s .CH.,C(CH 3 )1I.OH. Methyl-. hyl-carbinol. lerow). 

Butylene hydrate. (99°) at 740 min. S.G. Reactions. —1. CrO ;1 mixture gives acetone 

•827 (Lichen, A. 150, 11 1). together with acetic, carbonic and a little iso- 

Formation. — 1. From n-butylamine, by butyric acid (BuLutow, 1871,485).— 2. Heat- 


nitrous acid; at the sumo time some v -butyl 
alcohol is also formed (Linnemann a. Zoita A. 
162, 3 ; Meyer, B. 10, 130).—2. By treating 
the compound of IICIO with isobutylene, 
CHj.CHCl.CH(OII).CH.„ with sodium amalgam 
(Lieben, A. 151, 121). —3. By the action of zinc 
etliido on glycolic iodhydrin (Butlerow a. Osso- 
kin, A. 145, 263).—4. Symmetrical dieliloro-di¬ 
ethyl oxide, (ClPj.CHCl)./) is converted by ZnlOt., 
into (CH 3 .CHEt)I), a butyl ether which, on , 
treatment with III at 130 J gives secondary butyl I 
iodide (Lieben, A. 141, 236 ; Kessel,^4. 175, 11). I 
5. Zinc ctliide forms a crystalline compound 
with aldehyde, CM : ,.CHEt(OZnEt), which is de¬ 
composed by water into secondary butyl alcohol, 
ethane, and Zn(01i) 2 . (Wagner, J. 11. 8 , 37; A. j 
181, 261).—6. From formic ether by treating 
with a mixture of ZnEt, and ZnMe 2 and decoiu- 
posing the product with water (KanonnikolT a. 
Saytssnff, A. 175, 374), 

Preparation.— Secrndary butyl iodide (g.v.) 
is treated with silver acetate rtid the product 
saponified by potash (Do Luynes, A. 128, 33(J; 
132, 274). 

Properties. —Liquid with strong odour, ppd. 
from aqueous solution by K 2 C0 3 . 

Reactions .—1. Oxidises to methyl-ethyl- 
ketone and acetic acid (SaytzelT, Z . 6 , 327).— 
2, The pure alcohol is unaltered when heated at 
240°-250° during 8 to 10 hours in a sealed tube, 

VOL. I. 


ing with anhydrous T1..C/), produces butylene 
(Gahours a. Den wry ay, C. ft. 86,991). -3. When 
taken internally it is excreted in the urine as 
hutyl-glycuronic acid C„,H |S 0 ; (Thierl'eldcr a. 

M< ring, II. 9, 511) which is decomposed by 
boiling dilute JTCl into fcrf-but-yl alcohol andi 
glycuronio acid. 

DI-ISOBUTYL ALDEHYDATE v. p. 105. 
ISO-BUTYL ALDEHYDE v . Isomutyric al»b- 

IIYDF.. , 

ISO-BUT YL-ALD0XIM v. Isobutyric aldb- 
li Yin:. * 

ISO-BUTYL-AMID 0 ISO-BUTYL - BENZENE 

C 4 II : ,.NH.C, i n 4 .C 4 ll, ( . (260° 270 '). From aniline 
hydrochloride (10 g.) a ut L.o - butyl alcohol 
(13 g.) at 230° (Studer, A. 211, 210; B. 14, 
1473). Oil. Doe 3 not give tho carbamine reac¬ 
tion . 

Ni troso -derit, a t ivc S.G. *991. Solidi¬ 
fies on keeping. 

Acctyl-derivat ive.+ [7i°]. (above 300°), 
Needles (from benzoline).^ 

BUTYL-AMIDO-TOLUENE v . Methyl-butyj> 

PirFNYL-AMINB. 

n BUTYLAMINE C,TJ 1 ( NH.. i.e. rr.CII 2 .NH y 
Mol. w. 73. (76°). S.G. Q 755, ?.‘i *733. 

Formation. — 1. From butyl cyanato and , 
KOHAq (Lieben a. Bossi, A. 158, 172; Meyer, 

B. 10,131).—2. From butyronitrile by reduction 

TT 



G42 BUTYL AMINE. 


(Linnemann a. Zotta, -4. 162, 3). — 3. From 
nitrobutane, Sn and H( ♦ (Ziiblin, B. 10, 2083). 

Properties. — Misribll with water; dissolves 
freshly ppd. Cu(OH)Jan^. Ag.,0. Reduces alka¬ 
line solutions of coppe;, silver, and mercury. 
Nitrous acid converts it r\to sec-butyl alcohol.— 
Platino-chlorido (T^..HCl).Ptdl 1 ; yellow 
crystalline plates, m. sol.r old water. 

(Primary isobuty 1-amir e Pr.CJL.NIL. ( 68 °) 
(R. SoliiiT, B. 19, 565). Sl,.ia*73(i. H.V. 106-16 
(S.). H.F. p. 38,100. IF 1 ?, v. 3.1,500 (Th.). 

Formation. —1. By distlTing potassium iso- \ 
butyl sulphate with potassiuar cyanate and treat- \ 
ing tlTo product with KOTI (y T urtz, A. 03, 3*24 ; ' 
Linnemann, A. 102, 23). —2. By heating iso- ; 
butyl bromiddwith alcoholic NTI., and separating j 
the mono-, di-, and tri- butylaniines by oxalic | 
ether (Reimer, B. 3, 750; Hughes a. Homer, B. i 
7, 511; Malbot, G. li. 101, 03, 223.',. On heating i 
isobutyl chloride with ammonia (molecular pro¬ 
portions) in isobutyl alcoholic solution or in 
aqueous solution very nearly similar results 
arc obtained ; namely one part of mono-butyl- 
amine, four of di-, and live parts of tri-butyl- 
amines (M.).—3. Formed, together with di- and 
tri- isobutylamine, by heating isobutyl-alcohol 
with ammoniaeal ZiiCL at 260 ’-280 J ; the yield 
of mixed bases amounts to 50-70 p.c. of the 
alcohol used (Merz a. Gasiorowski, B. 17, 023). 

4. By reducing nitro-isobutane (Demole, A. 
175, 142).—5. A mixture of equal mols. of valer- 
amido (ordinary) and bromine is run into an 
excess of a 10 p.c. solution of KOTI at 60°; the 
yield is 90 p.c. (Hofmann, B. 15, 709). 

Salts.—B'HCl. [100% S. 133 at 15°.- 
(B'IICl) 2 PtCl 4 : microscopic rhombic tablets.— 
I3'H AuC 1 4 .—H u 1 p li a t o : cauliflower-like groups 
of needles, not deliquescent. 

Secondary butyl-amine 

CH,.CH 2 .CH(NH,).CH s . (63% From dilute 
H 2 H0 4 and s<?c-butyl thio-carbimido v from vola- j 
tile oil of scurvy-grass) /^toyman, B. 7, 1289). | 
Also from tho iodide or cyanate (Hofmann, B. ■ 

7, sis).—Byi.i’tci,. t , ; 

Tertiary butyl-amine Mo.CNII., (46° cor.). 

5. G. 2 -7155; -7001. _ C.H. (0°“-7-8°) *0014. I 

Formed together with isobutylamino by the 
successive action of silver cyanate and aqueous 1 
KOI! on isobutyl iodide. Colourless ammoniaeal 
liquid, attacks indiarubber and cork. Miscible 
with water, but separated by K 2 C0 3 or KOII 
from its solution (Brauner, A. 192, 72 ; c/. 
Linnemann, A. 162, 19 ; Hofmann, 9. 7, 513). 

Salts.—B'HCl melts at [-70°-280°] and ; 
boils soon after. On solidifying it increases 
greatly in bulk. - (B'HClJ.^PtCl,. Large mono- 
olinio prisms (froi'n alcohol).—B'HI. -B'HNO.,. 
Sulphate : six-sided’prisms, not deliquescent. 

Di-n-butyl -amine (Pr.CH 2 ) 2 NH. (160% 
Formed, together with ?i-butylaminc, by treating 
butyl cyanate with KOH (Lieben a. Rossi, A. 
158, 175). Converged by nitrous acid into 
primary and secondary n-butyl alcohols agid 
n-butylene (Meyer, B. 10, 130).—B'JI 2 PtCl a . 
Nilroso - derivative (C 4 H„) 2 N.NO. (236°cor.). 

Di-iso-bntyl -amine (Pr.CH 2 ) 2 NH. (137°). 
Formed, together with mono- and tri- iso-butyl- 
amine, by heating iso-butyl alcohol with am- 
moniacal ZnCl 2 at 260°-280°. The secondary 
amine is isolated from tho mixture of bases 
(which amounts to 60-70 p.c. of the alcohol 


usysd) by means of its nitrosamine (Merz a, 
Gasiorowski, B. 17, 623). Prepared by heating 
iso-butyl iodide or bromide with alcoholic NH 3 
to 1.50° (Ladenburg, B. 12, 948). Butyl iodide 
(1 mol.) in the cold acts upon di-isobutylamine 
(1 mol.) forc ing di-isobutylamine hydrochloride 
and free tmiso-butylainine (M.). 

Salts.—B'HCl: plates or scales. S. 62*5 at 
15°; H. (ether) -07 at 15°; S. (alcohol) *06 at 14° 
(Malbot, C. It. 104, 366). — B',II,PtCl c . — 
BTrClAuCL,. Yellow tables, sparingly Bolublo 
in cold water. 

Nitrofi b- derivative N(NO)(C t H„).,. [0°]. 
(213 ’-216°). Oil. Prepared by the action of 
KXO.. on a solution of di-isobutylamine hydro¬ 
chloride. ” 

Tertiary di - butyl-amine (C.,h3 2 NH i.e . 
(CMe.,).NH. From tertiary butyl iodide and 
tertiary bulylainiuo at 50 k But above 70° iso¬ 
butylene is given off : C,1I, 1 NH 2 •» 0,11,1 ---- 

C 4 H„ »-C 1 H ;i Nli.,,lII (Tiudncw, Bl. [2J 33, 299). 

Salt.—B'HL. Very soluble in water and 
alcohol. Converted Ivy potash, or even boiling 
water, into tertiary butyl amine. 

Tri-n-butyl-amine (J,Tr„) 3 N. Mol. w. 185. 
(c. 2L.V cor.). S.G. 2 *791; l ’-°- *778. From n- 
butyl iodide and Nil, (Lieben a. Rossi, A. 105, 
115).— B'.il I’tOl,;. 

n-B lit if 1 o-iodide (C,ir,,),NI : plates (Lie¬ 
ben a. Rossi, A. 165, 113). 

Tri - isobutyl - amino (PiCIL) ;i N. (185°). 
S.G. *J -785 (Saohtlobon, />. 11, 733). Formed, 
together with mono- and di- iso-butylamine, by 
heating isobutyl alcohol with ammoniaeal ZnCl 2 
at 2()0°-2SO°. Tho tertiary amine is isolated 
from the mixture of bases (yield 50-70 p.c. 
of the alcohol) by means of its sparingly soluble 
ferrocyanido (Merz a. Gasiorowski, B. 17, 623). 
Also from di-iso-butylamine and isobutyl bro¬ 
mide. Also from isobutyl iodide (1 mol.) and 
Ni:l ;i Aq (1 mol.) at 160° (Malbot, G.R. 105, 575). 
Doys not mix with water. With isobutyl bro¬ 
mide it gives off butylene and forms tri-iso- 
butylaminc hydrobromido (Ih imer, B. 3, 757). 
Isobutyl iodide (l mol.) at ISO * forms hydriod- 
irles of di- and tri-isobutylaminc and butylene 
(M.). Isobutyl chloride (i mol.) at 170° gives 
puro di-isobutylamine hydrochlorido and butyl¬ 
ene. 

Halts.—B',HC1, B',IINO s and B' 2 ,H 2 S0 4 are 
extremely soluble.—(B'lTCl) 2 PtCl 4 orange plates, 
sol. hot water.—B'HClAuCl a : amorphous, insol. 
water. 

Tert - BUTYL - Wt - AMYL - AMINE 

(C l H„)(C a II 11 )NII. Tho iodide of tliis base is 
formed by the slow action of tertiary amyl 
iodide on tertiary butyluminc in the cold. It is 
very unstable, being decomposed by solution in 
water (?) (RndnelT, JU. f2J 33, 297). 

n - BUTYL - ANILINE C ln H Ift N i.e. 
C s H 5 .NHC 4 H 9 . (235° at'720% Colourless oily 
fluid. Easily Volatile with steam. 

Halts.—B'lICl: very soluble white needles. 
—B'HNO, x : easily soluble.—B' 2 H 2 S0 4 *‘ ; easily 
soluble tine whito needles. 

Acetyl derivative C H H a .N(G 4 H e )Ao; 
(274°) at 718 mm., colourless fluid. 

Nitrosamine C u H i .N(C l H a )NO: yellow 
fluid; easily soluble in alcohol and ether, in- 
soluble in water (Kahn, B. 18, 3365). 
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iBOtmtyl-aniline Pr.CJL.NHPh. (242°) (Or .); 
i226°) (N.). S.G. ** ’926 (G.). From isobutyl 
bromide and aniline (Gionotti, G. 12, 268).— 
B'HCl.—B'HBr.-B'HI. 

Acetyl derivative (2G7°).(Nolting, J. 
1883,703). ^ 

p-Nitroso - derivative 

• .NIT.CrT.Pr 

[44] C a H 4 (NO).NIICH,Pr or C, ; HX [ >0 

[94°]. From isobutyl-aniline, TIC1, and NaN0 2 
(Wacker, A. 243,297). Stool-blue crystals, v. sol. 
alcohol, si. sol. water. Reactions,—*. It('<luctuni 
givesisobutyl-plienyleno diamine.— 2. Tliochlor- 
ile'Med with aqueous NaOJt gives iso-hutyl- 
amineamji^-nitroso-phonol.—3. llCland NaNO., 
give a niirosamine C U 1I 1 (N0).N(N0).CH/Pr 
crystallising in bright green plates, v. sol. 
alcohol and ether, iusol. water. 

Di-isobutyl-aniline (PrCH a ) 2 NPh. (c. 213 ’)• 
From aniline and isobutyl bromide (Studcr, A. 
211,235). 

DI-BUTYL-ANILINE-AZYLINE v. Di-butyl - 
amido-bcn.:enc-\Y.o-<li-buliil-(niiline. 

BUTYL-ANISOL v. Methyl ether of Butyl- 
phenol. 

ISO - BUTYL - ANTHRACENE C IS 1I IS i.e . 
/Cfo.Ty. 

| C (i TI 4 [57°]. Fluorescent 

\CH / 

needles. Prepared by the action of zinc-dust, 
isobutyl bromide and NaOII on anlhraquinone 
(Liebermann a. Tobias, B. 11, 802; A. 212, 
107). Tlio picric acid compound forms 
long brownish-rcil needles. 

D i -hyd r idaCJl >C,IJ ,. From 

isohutyl-oxanthranol, III,and P (L.). Oil; oxi¬ 
dised by ClO^ in IXOAc to isobutyl-oxanthranol 
and finally to unthraquinono. 

BUTYL-ANTHRANOL-DIHYDRIDE 

CA<cn|c ) H,)> c * 1I <- 1™°)- Vvom a, - J,ra - 

quinone, aqueous NaOH and zinc-dust, boiled 
for some time and then iso-butyl bromide added 
(Liebermann, A. 212, 103). 

ISO-BUTYL-ANTHRANYL CHLORIDE 

0 » n 4<n» 1(C ' IIa) > c « H <- [ 78 °]- T,ll,ks ' I’**- 
pared by tho action of PC1 5 on isobutyl-oxanthra¬ 
nol (Liebermann a. Walder, B. 14, 4#3). 

?t-BUTYL-BENZENE C I0 H U i.e. CJi..CILPr. 
Phenyl-butane. (180 ). S.G. -- *862. From 
71-propyl bromide, benzyl chloride, and N^i 
(Radziszewski, B. 9, 260). Also from n-bntyl 
bromide, bromo-benzene, and Na (Balbiano, B. 
10, 296). 

Bromination. —By tho action of bromine in 
. the dark, or in presence of iodine, the product 
is probably a mixture of o- and p- bromo-butyl- 
benzene. By tl. ^ of bromlhe in direct sun¬ 
shine, the substitution takes p^ice in the y-posi- 
tion of tho side-chain giving C, ; H.,.CriBr.C ;) H 7 
or C u H 3 .CBr,.C 3 H r If the y-mono-brorno-rtbri- 
vativo is further brominated in the dark at 100 ° 
tho second Br atom probably enters tho /3- posi¬ 
tion, tho product being identical with the butyl¬ 
ene-benzene-dibromide [70°] of Radziszewski 
(Schramm, B. 18, 1275). 

IS0-BUTYL-BENZENE C„H..CH.,Pr. (167°). 
S.G. 2 ’880 (G.); *858 (R.). V.D. 4*72 (G.). 


Formation .—1. Fr m iaobutyl bromide, 
bromo-benzene and I ’a (Riess, B. 8 , 779; 
Wreden a. Znatowiczj B fi 9, 1606).—2. From 
benzyl chloride, isopvoj yl iodide, and Na (Kohler 
a. Aronheim, B. 8 , 5'f )). —3. By the action of 
50 g. iso-butyl clilo'-' le on 150 g. benzene in 
presence of about fij g. A1X1, (Gossin, Bl. [2] 

: 41, 446).—4. By lie." mg benzene with* isobutyl 
alcohol and ZnCL T Joldschmidt, B. 15, M) 66 ). 
5.«By distilling m - ;r /»- mu lyl-benzoic acid 

with lime (Kelbo a .’f.ulTer, B. 19, 1723). 

Properties .—C .ourle.is liquid; CrO.,oxidises 
it to benzoic acil Passed over red-hot PbO it 
forms naphtlmle e. 

tfcc-butyl-benzone CH 3 .0[T.,.Cfr(0JT ).CH 3 . 
(171"). S.G. •*' -873. From CJ[ v Criiir.CH, 
and ZuFt, (Ka'Iziszewskv, B. 9, 261). 

(a)-?i BUTYL-BENZENE SULPHONIC ACID 
C li H 1 (01T.,P^SO. J H. Formed by sulpbonating 
7 <-bufyl-benzone (Balbiano, G. 7, 313). ~ BnA' 2 : 
small lam imp, si. sol. cold water. — ZnA' 2 7uq.— 
PbA\,aq.—Mil A'., 6 aq. 

(/ 8 )- 7 i-Butyl-beuzene sulphonic acicl. Formed 
at tho same time as tho preceding (B.).— 
Ba.\V2aq : nodules, more soluble than the Ba 
salt of the (a)-acid.— Pb.V./iaq. 

//.o-Butyl-bcnzene-sulphonie acid 
C,.H,(C 4 T1 1 ,).SO iI 11. Formed by mlphonation of 
isolmfyl-benzcne. A'J!a2aq : /'listening plates. 
—A'K aq : plates. 

Amide G )i H,(C,IT,,).SO. i .NJL: [137 J J; glisten¬ 
ing needles (Kellie a. 1 ’feiJfer, it. 19, 172.8). 

BUTYL BENZOATE v. p. 170. 

BUTYL BENZIMIDO-ETHER v. p. 479. 

m-ISO-BUTYu-EENZOIC ACID 
C.HdC.iyCOJI [1:3]. [127 ‘J. Long stout 

needles. Formed by oxidation of ?n-isobutyl- 
tolueue with dilute UNO.,. By further oxida¬ 
tion with dilute UNO., at 170 ' 200'* iso L mthalic 
acid is formed Gives anitro- derivative [140°].— 
AgA': white ,*p. 

Amide C i ,U,(C i :^ 1 ).CONII 2 : [130°];hair-fine 
needU'-- from water (lielbo a. Pfeiffer, B. 19, 
1725). 

27 -Isobutyl-benzoic acid C [i II 4 (C 4 II [) ).CO,.H 
[1:4]. [164°]. 

Formation. —1. By oxidation of p-isobutyl- 
tolueno with dilute 11N0 ;| . By further oxidation 
with dilute IINO., terophthalic acid is formed 
(Kclbe a. Pfeiffer, B. 19,1725). 2. By saponifica¬ 
tion of its nitrile (Palil, B. 17, 1237). . 

Pro/uuues. -ALonoeiinio crystals; gives a 
nitro- d.’-rf apve [16 i°J, 

Salts. — AgA': whito floceulent pp.—• 
BaA'.araq : plates, sol. hot water. - CaA' 3 .Taq: 
si. sol. cold water. 

Amide 0,11,(0,11^.00NII 2 : [171°] ; long 
hair-line needles (Bom water). 

Methyl cthor Mo A': (247°); oil. 

Nitrile C )> J:,(0 4 H. 1 ).CN. (219°) (G. a. M.); 
(214") (K.); (238") (P.). V.D. 5*47 (obs.) (K.); 
5*35 (obs.) (P.). Colom^ess oil. Formation.— 
•k By distilling the formyl derivative of isobutyl- 
phenyl-amine with zinc-dust; the yield is about 
12 p.c. (Gasiorowski a. Merz, B. 18, 1009).—2. 
By heating p-isobutyl- phenyl -thio-carbimido 
with copper powder at 200° (Pahl, B. 17,1236). 
3. Formed by heating tri-isobutylphenyl-phos. 
phate with dry KCN (Kreysler, B. 18,1707). 

IS0-BUTYL-BENZ0YL-ACETI0 ETHEE v. p. 
482. 

T X 2 
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iBO-Btrm bobatK B( 00 ,h,),. (212=). 

Formed by heating B 2 a, with isobutyl alcohol 
for 8 hours at 170°| dims with green iiame. 
lnsol. water and slowy decomposed by it 
(Counoler, J. pr. [2] 18 , 1 ) 82 ). Not acted upon 
by ammonia. \ 

n-BUTYL BROMIDE i.e. 

CH i .CH..CH.,.CH s Br. (101' cor.). S.G. « 1-805; 
*2 1*299. From n-butyli alcolioi, l!r, and P 
(Lichen a. Itossi, A. lflie, 161). With Bi» at 
150° it gives C,lI,Br 2 (Km 0 ) (Linnemann, A. 
161, 199). With bromineYcontaining iodine 
at 950° it reacts thus a ^3,1 f„Hr + 8Br..,« 
2C..Br,' + 9HBr (Merz a. Weitll Tl. li, 22It). 

Iscbutyl (iromide l > r.CII...Br. (92°) (L.); 
(91°) at 758 mm. (Scfiiil, B.' 19, 503). S.G. « 
1-2722; V 1-2598 (Pel-kill, C. J. 45, 457). S.V. 
110-39. M.M. 8-003 at 16° (P.). From tlic alco¬ 
hol and III or P and I (I’inrre a. Pfcchot, J. Vi:. 
[4] IB, 9; Wurtz, A. 93, li t; Chapman a. Smith, 
C. J. 22, 153). At 220° it partially changes to 
tertiary butyl bromide (Eltokoff, B. 8, 1211). 

Tertiary butyl bromido CMe.,[. (72°). 

S.G. & 1-215; ]■} 1-2020; Sf 1*1892. V.D. 4-7 
(obs.). M.M. 8-238 at 18°. From isobutylene 
and IIBr (Koozeboom, B. 1*1, 2390). From 
tri-methyl carbinol and PBr 3 (Itoboul, C. B. 93, 
09). 

Brad tints, —1. Readily decomposes into HBr 
and isobutylene. This occurs when it is treated 
with Ag.X), with KUO, with NEt.„ or with Zn 
and water (Butlerow, 7. 1807, 302).—2. With 
ZnO it forms tri-isobutylene, C,JE t . — 3. With 
water, even in the cold, it forms tertiary butyl 
alcohol. 

EUTYL BTJTYRATE v. Bctyuio acid. 
ISO-BUTYL CAREAMINE C.II.NC. (c.llC°). 
S.G. * -787. Preparation and properties like 
those of ethyl carbomine. Less readily attacked 
by HC1 than ethyl carbarnme*(Gaulier, A. 152, 
221 ; Bl. [2] 11, 211; Z. [21 5*415). 

n - BUTYL CARBONATE (PrCn,),CO s . 
(207° cor.) at 710 mm. S.G. Q -911 (Lichen a. 
Rossi, A. 105, 112). •/ 

Isobutyl carbonato (Pr.CIL)..C0 3 . (190° 
eor.). S.G. ^ -919. From isobutyl iodide and 
AgnCO s (Do Clermont, A. Ch. [3] 44,330). From 
isobutyl alcohol and CyCI (Tlumann, A. Ch. [3] 
44, 340). From sodium isobutylale and chloro- 
picriu (Bnr-se, A. 205, 253; cf. Wurtz, A. 93,119). 

Isobutyl-orthocarbonate (PrCTI 2 0) 4 C. (245° 
cor.). S.G. 5 *900. The ^hief product of the 
action of cliloropicrin on sodii'm isobutylate 
(Reese, A. 205, 253). 

BUTYL-CHLORAL v. TM-cnLor.o-isuTYKio 

ALDEHYDE. * 

n-BUTYL CHLORIDE C,H„C1 i.c. 
CH S .CH...CH 2 .CII,C1. Mol.V. 92-5. (78° cor.). 
S.G. 2 -907; * 4 -897 (Linnemann, A. 101, 197). 
S.Y. 114-3 (Ramsay). From n-butyl alcohol and 
IIC1 (L.; cf. Lieboi^ a. Rossi, A. 158, 101). 
From ?i-butane and chlorine (Schoyen, A. 13?, 
235). 

Isobutyl chloride (CH 3 ) 2 CTI.CH.,C1. (G9°). 
S.G. i5-880 (Linnemann); ^-8830 ;££-8739 
(Perkin, C. J. 45, 455). M.M. 0*144 at 21°. 
H.F. p. 45,370. H.F. v. 43,050 (Th.). S.V. 
114*20 (R. Schiff, B. 19, 562). From isobutyl 
alcohol and HC1 or PC1 5 (Wurtz, A. 93, 113; 
Pierre a. Pucliot, O. R. 72, 832). 


‘Tertiary butyl chloride IGB&d&L (Sl°>. 
B.G. ft -8471 j fj -8868. M.M. 6-257 at 15°. 

Formation.—¥. By aotion ol chlorine on 
(CH ? ) S CH (Butlerow, J. 1864, 497). — 2. By heat¬ 
ing isobutylene, (CH^CiCH^, with cono. HOI at 
100° (Salesifey, A. 165, 92; B. 6, 480; Le Bel, 
Bl. [2] 28, 462; Pucliot, A. Ch. [6] 28, 649).— 

3. From tri-metliyl-carbinol and AdCJl or PC1 5 .-— 

4. From isobutyl iodide and IC1 (Linnemann, 

A. 162,18). 

Properties .—With water (5 vols.) at 100° it 
is readily converted into tertiary butyl alcohol 
(Butlerow, A. 144, 33). It partakes, therefore, 
somewhat of the character of an acid chloride. 
BUTYL-CHL0R0- v. Chl<)Uo-butyi^__ “ 
BUTYL-CINCHONIC ACID v. B^tyl-quino- 

LINE-CAUTIOXYLIC ACID. 

BUTYL-CRESOL v. Metiiyl-butyl-piienol. 
ISO-BUTYL CYANATE Pr.CiL.N.CO. (110°). 
From isobutyl iodide and silver cyanate (Brauner, 

B. 12, 1877). 

Tertiary butyl cyan?to (CII,). J C.N.CO. (86° 
cor.). S.G. 9 -8676. The chief product of the 
action of isobutyl iodide on silver cyanate (B.) 
BUTYL CYANIDE v. Valeuonitkile. 
ii-BUTYLENE C,H* i.c. CH :$ .CH 2 .CH:CH 2 . 
Vinyl-ethane. Ethyl-ethylene. Mol. w. 56. 

(c.~*l°). Occurs in the oils deposited from 
compressed coal-gas (Colson, Bl. [2] 48, 52; 

C. B. 104, 1286). 

Formation. -1. By boiling n-butyl iodide with 
alcoholic KOI I (Grai)owsky a. Saytzcff, A. 179, 
325; Lichen a. Itossi, A. 158, 164).—2. From 
hmmo-ethylenn and ZnEt 2 (Chapman, C. J, 
20, 28; Wurtz, 7. |2j 5, 407).—3. Together with 
secondary hfityl alcohol by the action of HNO a 
on n-butyl-amine (Meyer, B. 10, 136). 

Properties.—Can. Forms with Br a dibro- 
mide (167°). HI forms Ci4.ClrL.CITI.CH3. 

i/z-Butylene CI[ ;r CII:Cir.CII.,. (P)-Butylene. 
s-IX;-methyl-ethylene. (1°). 

Occurrence .—In the oils from compressed 
coal-gas (Colson, C. B. 104, 1286). 

Formation. —1. From secondary butyl iodide 
and alcoholic KOIT, Ag.X) and water, or AgOAc 
(Do Luyncs, A. 129, 200 ; 132, 275 ; Lichen, A. 
150, 108; 151, 121).—2. Together with isobu¬ 
tylene by distilling n- or iso- butyl alcohol with 
ZnCL, (Nevolc, BL 24, 122; Le Bel a. Greene, 
Am. 2, 23; Bl. [2] 29, 30G).—3. By heating 
secondary butyl alcohol.—4. From Mel, allyl 
iodide, and Na, small quantities of the two 
-other butylenes being also formed (Wurtz, BL 
[2] 8, 265; Groshcintz, Bl. [2] 29, 201).—5. 
II,SO, acting on isobufyl alcohol forms (1 vol. of) 
CH 3 .CH:CH.CH., and (2 vols. of) (CH,) 2 C:CH 2 
(Jvonovaloff, Bl. [2] 34, 333 ; cf. Pucliot, A. Ch. 
[5] 28, 508).—6. By boiling isobutyl iodide with 
PbO (Eltckoff,, Bl. [2] 34,^47). 

Properties.—C m. Br 'gives C,TI 8 Br 2 (156°- 
159°). HI givesf’CTI s .CH 2 .CIII.CiI 3 . 

* Isobutyleno (CTI 3 ) 2 C:CH 2 . u-Di-methyUethyl- 
cne. (-0°). S.G. =f 4 -637 (Puchot). II.F. p. 
10,660. H.F.v. 8920 (Th.). V.D. 1-93 (calo. 
1*94). Occurs in the oils obtained by compress¬ 
ing oil-gas (Faraday, T. 1825, 440) or coal-gas 
(Colson, Bl. [2] 48, 52; cf. Prunier, Bl. [2] 19, 
109). 

Formation.—1. By electrolysis of potassium 
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»al#r»t«'(Y tlbe, A. 69, 269).—2. From see- pr I 
terrt- butyl alcohol and H a SO, or ZnCl, (Warts, 
v. dM, 107; Konovalofi, Bl. [2] 34, 833; Ler-V 
mor.‘ v?, A. 196, 117; Puchofl A. Ch. [5] 28', 
608; C. R. 85, 757; Scheschukoff, Bl. [2] 45, 
181; cf. Nevoid, Bl. [2] 24, 122).Together 
with ethylene and propylene by jrassing fusel 
oil through a^red-hot tuba (Wurtz, A. 104, 21!); 
Butlerow, A. 145, 277).—4. From iso- or tert- 
butyl iodide and alcoholic KOH (Do Luynes, 
C. R. 56, 1175 ; A. Ch. [4] 2, 385 ; Butlerow, A. 
144, 19 ; Z. [2] 0, 236).—5. By heating di¬ 
methyl-acrylic acid to 210°-220 ' (hiring 25-30 
hours (Gorboff a. Kessler, Bl. (21 11, 392). 

Preparation .—Isobutyl iodide is run into 
Bhiliil^^holic KOII and the gas collected. 

Properties.— (las, si. sol. water, v. sol. alco¬ 
hol, v. e. sol. ether and HOAo. 

Reactions .—1. Cone. HC1 at 100° forms tert- 
butyl chloride.—2. Cone. HI aq absorbs it, form¬ 
ing tert-butyl iodide and tri-methyl carbinol 
(Scheschukoff, Bl. [2J 46, 823). 3. Cone. 11,SO, 
3 pts.) mixed with water (1 part) absorbs it, 
and on diluting with itfater and distilling tert- 
butyl alcohol is got. H SO, (5 pts.) mixed with 
less water (1 pt.) forms much dodccylene.— 
4. Br in CS, forms C,HJ8r 2 (148°) and C.lI-Br, 
(173°_183°) at 235 mm. (Nevoid, C. ft. 83, 65; 
Norton a. Williams, Am. 9, 88).— 5. IICIO forms 
a ohloro-butyl alcohol (137°) (Butlerow, A. 144, 
1; Z. [2] 6, 236; Henry, Bl. [2] 26, 23).-6. 
CrO, gives acetone, oxalic acid, acetic acid, Ac. 
(Zcidler, A. 197, 251).—7. Cl forms isobutcnyl 
chlorides CJI.C1 (Scheschukoff, J. Li. 16, 488). 

Combinations. —(C,H„) A1.C1 0 . From ethylene, 
Al.,Cl a , and IIC1 (Gustavson, J. it. 16, 97),— 
(C,H,)gU.Br„: oil. S.G. 9 2-1. V. p. 147. 

BUTYLENE ALCOHOL v. Dr >• i-butanb. 

BUTYLENE DIAMINE C,II,,N, 
Ls.O,H,(NH,),,(?). (above 140°). From ethylene 
cyanide, tin, and HC1 (Fairley, C. J. 17, 362; 
could not be obtained byLadenburg, B. 16,1150, 
or Lollmann a. Wiirthner, A. 228, 221).— 
B'jHjPtCl,. 

BUTYLENE BROMIDE v. Di -BnOMO-nUTANK. 

BUTYLENE TBI-CABBOXYLIC ACID 

CH 1 .CH:C(CO,,H).CH(CO„H) ! . Ethylidene - 
ethenyl-tri-carboxylic acid. [185°]. Formed by 
the action of a-chioro-crotonio ether upon sodio- 
malonic ether, and saponification of the product 
(Hjelt, B. 17, 2833). V. sol. water, m. sol. 
ether. —A"'Ag,: flocculent pp. — A ,Ca, K and 
A"',Ba,«: easily solublo powders. 

Mono-ethyl ether A"'H 2 Jit3aq: [70°]: 
large triolinio crystals, a:b:c — '9111:1: '7553. -• 
A'"H,Etaq [145°). 

Tri-ethyl ether Et,A'". (280°). 

BUTYLENE GLYCOL v. Di-oxy-butane. 

BUTYLENE GLYCOL CHLOHHYDRIN 1). 
Ohlobo-butyl alcohol. 

BUTYLENE '’USvSAMINE e,H„N,. [173°]. 
Formed by heating guanidine ijovalcrato at 225°. 
Trimetrio needles, m. sol. cold water. Convened 
by oono. H 2 SO, into butylene guanaiflido 
0,H,.N,0„ whence HNO, forms cyanurio acid 
(Bandrowski, B. 9, 240).—B'HC’ —B'AgNO,.— 
B ,HjS0 4 . 

BUTYLENE HYDRATE n. Scc-Bdiyl alcohol. 

BUTYLENE NITRITE (7) C,H 8 N 2 0,. From 
isobutylene and oono. HNO, (Haitingcr, M. 2,287). 


Butylene nitrite (?)i ([96°]. Formed by boil¬ 
ing petroleum of Tiflisl nth HNO, (Beilstein a. 
KurbatofTfB. 14,1621)f , 

ISOBUTYLENE OXISE CjII.O i.e. 0<° „® 2 >. 

(52°). RfOr . 2 *8311. Fr.rni isobutylene with *>uo- 
cossive i .‘../incut with, ICIO an<l KOI.I (Eltekoff, 
.?/.../] IJ, 23; J. 11. 1 30S). Water, at ordinary 
temperatures, unites vvitli it, forming*di-gxy- 
butane. ‘ 

‘-Butylene oxide (57°). S.G.* 

•8314. Formed sin,Marly from ClT,.ClI:Clf.CH, 

(17.). Water a.. lOO ' forms di - oxy - butane 

Cn,.CIT(01I).ClI( <I1).CII,. 

BUTYL ENNYL KETONE 0,,11.,<)(.’) or 
C,iJ,,.CO.C,n s (G,H M ). Amyl ruler,me. (209°). 
S.G. — *845. From CO on sodium amylate, 
NaOC-.II,,, atlCO® (Geuther a. l-r.ihli.di, .4. 202, 
501). Liquid, does not combine with Nall SO,. 
BUTYL ETHER v. Butyl oxrm;. 
BUTYL-FORMIC ACID v. Valkuic aciii. 
BUTYL-GLYCERIC ACID v. Di-uxy-butyuio 

ACIl). 

BUTYL-GLYCIDIC ACID v. Di-oxy-butybio 

ACII>. 

BUTYL GLYCOL v. Di-oxy-biitanb. 
BUTYL-OLY OX ALINE C,14,(0,ir,,)N 2 . Gly- 
oxal-amyline. (121°). (274°). Flat needles. 

SI. sol. water. Prepared by the action of valcrio 
aldehyde-ammonia on glyoxal (ltadziszcwski, B. 
16, 747; 17, 1291). Br forms C,lI,„Br 2 N, [158°] 
and C,H,Br,N, [217°]. 

Salts. —li'HCl [136°]. —B'HBr [100°].— 
B'H 2 C 2 0, [196°].- -B'.,H..PtCl s . 

ISO-BUTYL DIGJANIDE C a II„N, i.e. 
C ; .H S N S (C,H,). The sulphate of the copper 
derivative Cu(C a H u N 1 )„ILSO, is formed by the 
action of aqueous CuSO, and isobutylamine 
on dicyandiamido at 100° (Smolka, M. 4, 815). 
Alkaline syrup, aosorbing CO, from the air. 

Salts. — IV.’IjSO,llaq. S. 26-8 at 16°. 
Colonrless transparent leaflets.—B'H,SO, l’.aq. 
—B'HCi. [216°]. S. 40 at 16°. — B'2I1C1. 
[194°]. Deliquescent.—B'..H 2 PtCl, aq : golden 
four-sided tables.—B',H 2 CrO, aq.—B' 2 H.,C. 2 O t . 

Metallic derivatives Cu(C a H,,N 5 ),: 
silky red needles, si. sol. water, sol. dilute acids. 
—Cu(C a H„N i ) 2 2HN0,. — Cu(C 0 Il„N,).,H 2 Cl, aq. 
—Cu(C,H,,N s ) 2 H 2 80,: carmine-red grains. 8. 
•26 at 18°.—Cu(C G H ll N s ) 2 TL.SO,aq : pale red 
grains. - Cu(C,II 11 N,),JI, [ SO, 3aq: light rose-red 
rrvstals 

m-BUTIL HEPTYL-OXIDE C t H,.O.C,H„. 
(205-7°). S.G. g -8023. S.V. 271-3. C.ll. (0°-10°) 
■00097 (Dobriner, A. 243, 8). 

BUTYL - HYDRO - A.Ti FKANOL n. Butyl- 

AXTI1BANOL BIltYIVilDE. 

ISO-BUTYL HY”0PH0SPHATE (C,H„),P,0,. 
S.G. 1T25. From isobutyl iodide and 
Ag,P,O a at 140° (Sanger, A. 232, 12). Oil. De- 
composed by hot water. 

Iso-butyl-hypophospbAte of barinm 
(C,H„)BaHP,O a 5aq. Needles. 

BUTYLIDENE-ACETO- ACETIC ETHER f. 
p. 24. 

ISO-BUTYLIDENE-AMIDO-BENZOIC ACID 

C,,H„NO, i.e. l>r.CH;N.C B H,C0 2 H. [145°-160°]. 
From amido-benzoio acid and iso-butyrio aide, 
hyde (Sohiff, A. 210, 114). Slender needles, 
decomposed by cold dilute alkalis. 
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TEI-ISO-BomiDENB DI-AMINE v. Hydro- 
butyramide under IaoouAmc aldeiiwe. 

ISO-BUTYLIDENE C1IL0BIDE v. Di-chloro- 

I90B0TANE. | I 

ISO - B0TYLIDENE • 0THYLENE - ANILINE 

t). Dl - PHENYL-ISOPROPYL. METAFYBAZOL »TETRA- 
HYDRIDE. . 

n- BUTYL IODIDES 1 CH J .CH.,.CII,.CH.,.I. 
Mol., w.* 184. (131° cft\). 8.0. 7 1-617 

(Briifil); g 1-6476. 8.V. 1K8-2. C.T-1. (U°-10 J ) 
■00098 (Dobrincr, A. 243, §u). Up 1-510. It* 
64-47. from n-butyl alcohol and III (Linne- 
mann, A. 161, 190). lCl a It 250° acta on it 
thus 0JI.I + 11IC1, = 20XlJ+ 9HC1 + 12IC1 
(Krafft, E. 10, 805). 1 

Secondary »-butyl iodide CH.,.CH,.CHI.CH.,. 
(118“). S.O. g 1-626; f 1-592;' 'f 1-579 
(Lieben); 9 1-032; 1-000 (Luynes). V.D. 

0-6 at 20° (obs.). Formation.— 1. By distilling 
erythrite with III (Do Luynes, .4. 125, 252; 111. 
2, 3).—2. From ethyl-chloro-ethylic ether 
CH 2 Cl.CKtH.O.Et and Ill at 110° (Lieben, 
A. 150, 87). — 3. From n-butylcne and HI 
(Wurtz, A. 152, 23). 

Isobutyl iodide (CIT,)..CH.CHJ. (120°). 
S.G.f 1-606 (Briihl); 1-6139, » 1-0007 (Perkin, 

C. J- 45, 402). 1-506. 4 54-41. S.V. 

128-28 (Schiff, B. 19, 504). C.E. (0°- 20-) -0110 
(Braunor, A. 192, Oil). M.M. 12-19!) at 19-4°. 
From isobutyl alcohol and HI. Distils con¬ 
stantly with 21 pts. water at 96° (Pierre a. l’nchot, 
C '.It. 74, 224). Treated with AgNCS gives a pro¬ 
duct, (CIl )-CH.CILNCS, which on saponifica¬ 
tion yields isobutylamine and, in greater quan¬ 
tity, tertiary butyiamino (B.). Heated with lead 
oxide it yields pseudo-butylcbe besides iso-butyl¬ 
ene (Eltckoff, El. [2] 34, 317). 

Tertiary butyl iodide Mo s CI. (100°). S.G. 2 
1-671. Formation .—From tertiary butyl alcohol 
and HI. 

Preparation .—By passing iSobutyknc (y. v.) 
into fuming III, cooled with ice«and well shaken 
(Markownikoff, X. [2] 6, 29* 

Reactions. —1. If the iodide (20 g.) bo shaken 
with water (530 g.) for two days it dissolves, being 
converted into the alcohol : Me.,Cl + II .0 -= 
Me s C.OH + HI (Dobbin, C. J. 37, 237).- 2. With 
dry ZnO it forms tri-isobutylcne —3. With 
sodium it forms isobutylene, tri-isobutylene, and 
hydrogen, with small quantities of a hydrocarbon 
not absorbable by HoS0 4 (Dobbin).—4. Moist 
Ag a O, Zn and water, and AgOAc, form iso¬ 
butylene (Bntlerow, Z. [2] 0, 237).«-5. With 
MeOII at 100°-110° it gives*MeI And trimethyl 
carbinol (Bauer, A. 220, 163).—0. With MeOAc 
at 110 u it forms isobutylene, HOAc and Mel. 

DI-BUTYL-KETINE v . Di-mhtuyl-di-butyl- 
pyrazine. <- 

DI-ISOBUTYL KETONE C„II l8 0 i.c. 
C 4 H 9 .CO.C 4 H 0 . Valeronc . Mol. w. 142. (182°). 
S.G. *833. Formed, in small quantity, by 
distilling calcium valerate (0 pts.) with CaO 
(lpt.) (Ldwig, P. 42, <*12; Ebersbach, A. 106* 
268; Schmidt, B. 6, 600). Docs not combine 
with NaHSO,. 

DI-ISOBUTYL-KETONE-SULPHONIC ACID 

0 4 H 8 (HS0 8 )-C0-C 4 H s (HS0 3 ). The sodium 
salt is formed by leaving phorone in contact with 
a saturated solution of NaHSO s for 2 or 3 weeks. 
It forms colourless prisms (A''Na„2.4aq) : soluble 
in water and alcohol (Pinner, B. 15~, 693). 


PUTYLLACTIC ACID v. Oxy-bdtyric acid. 
BUTYL-LUTIDINE v. Di-methyl-butyl-ptbi 

DINE. 

n-BDTYL-MAlIbNIC ACID 0,H, 2 0, i.e. 
C,H p .CII(C0 2 H) a . [101°]. Prepared by saponi¬ 
fication of Ahe nitrile C 4 II u .CH(CN).CO a Et 
obtained by r tho action of KCN on chloro- 
hcxoic-cther. Thick prismatic crystals. V. sol. 
water, alcohol, and ether. It gives a reddish- 
violet colouration on warming with ILSO,. At 
about .150° CO a is evolved and it is converted 
into caproie acid. 

Salts.- i."B a: white plates. S. 2*98 at 24°. 
—A'Tb : very sparingly soluble white glistening 
plates. S.'Oil at 20”. A"Cuaq: blue glisten¬ 
ing plates. S. -086 at 22°.—A"Ag., pp. 

S. *119 at 23° (Hell a. Lnmpp, B. 17, 2217). 

Isobutyl-malonic acid I- , rCH.,.CH(CO.,H) r 
[107°]. From its ether (Hjclfc, J. 1882, 875). 

Ethyl ether VAA". (225°). S.G.»‘988. 
From sodium malonic ether and isobutyl iodide. 

w-BUTYL MERCAPTAN C.TI..SH. Mol. w. 
90. (98°). S.G. -858; w *813 (Saytzeff a. 

Grabowsky, A. 171, 25?; 175, 351). IINO s 
gives butane sulphonic arid. 

Isobutyl mercaptan (88°). S.G. la '848 
(Humann, A. 95, 256); w *8357 (Nasini, O. 13, 
301). V.D. 3*10 (obs.). 27*47 (N.). Formed 

by distilling K(G 4 H,,)SO, with aqueous KI1S.— 
KSC,H„. — Hg(C 4 H.,S) a : pearly scales.— 
Pb(C 4 H.,S).,: yellow crystalline pp. 

Secondary butyl mercaptan (85°). S.G. 
BL -830. From sec-butyl iodide and KHS.— 
C,TT n SAq.—(CjIIySJ.JTg [189°] (Itcymann, B. 7, 
1287). 

TETRA - ISOBUTYL - METHYLENE - DI¬ 
AMINE C 17 H ; , s N.. i.e. N(C I H ! ,).,C1LN(0 4 H 1J )., 
(215°- 255°). • From ‘ trioxymctiiylcno ’ (formic 
paraldehyde) and di-isobutyl amine, (klhrcnberg, 
J. pr, [2J 36, 117).—B"II.PtCl 6 [198 J ], Forms 
with CS a a compound 0 n Tl ; , B N 2 CS a [54°]. 

BUTYL - MUSTARD OIL v. “ Butyl thio. 
CAHnfhlDE. 

ISO-BUTYL-NAPHTHALENE C H II, G i.e. 
Ci„ir 7 (C 4 iy. (280°). Prepared together with 
(a-a) and (aA )-dinaphthyl by healing naphthal¬ 
ene and isobutyl chloride in presence of alumi¬ 
nium chloride. Colourless oil, very slightly 
volatile in steam. Picric acid compound; 
[96°J aggregates of golden needles (Wcgscheider, 
M. 5,236).*. 

ISO-BUTYL NITRATE C 4 H„N0 3 . (123°). 

S.G. £ 1*038. From AgNO s , urea, and isobutyl 
igdide (Wurtz, A. 93 120; Chapman a. Smith, 
Z. 1869, 433). 

ISO-BUTYL NITRITE (CII 3 ).,CH.CILO.NO. 
(67°). S.G. - *891. H.F. p. 47,800. H.F.v. 
44,900 (Th.) (Chapman a. Smith, Z. 1869, 433; 
Pribram a. llandl, M. 2, 658; Bertoni a. Truffi, 
O- 14, 29). r 

Tertiary butyl nitrite (Crl.,)jC.ONO. (63°) 
(B.); (7f.’-78°) (’JR). S.G. «-8914 (B.). Formed 
together with a little of the isomeric nitrobutana 
(110 3 -1.)0) by distilling tertiary butyl iodide 
witli silver nitrite (Tachorniak, A. 180,155 ; B. 
7, 962). Prepared by distilling tertiary butyl 
alcohol (1 mol.) with glyceryl tri-nitrite (1 mol.) 
(Bertoni, O. 15, 357). 

BBTYLJPSE0DO-NITHOLE t’. Nitroso-OTTBO. 

BD.'ANY. 



DI^-ISO-BUTYL-DI-PHENYL-UREA. 047 


BUTYL-NITBOLIC ACID v. Niiroso-nitbo- 

BCTAHE. 

?i-BUTYL-OCTYL-OXIDE C 4 H,.O.C 8 H„. 
(225-7°). S.G. g -8069. S.V. 295'7. C.E. (O°-10°) 
•00097 (Dobriner, A. 243, 9). & 

I90-BUXYL OXALATE v. OxaS.0 acid. 
ISO-BUTYL-OXAMIC ACID 
PiCHj.NH.CO.CO.H. Prom oxalic ether (1 
mol.) and dry isobutylamino (1 mol.) at 100° 
(Malbot, 0. B. 104, 229). CaA'., 
Di-isobutyl-oxamic acid 

(IVCHX.N.CO.COJ [. Similarly prepared from 
di-iso-butylamino (M.). 

DI-ISO-BUT YL-OX AMIDE (l’rCH.XHJAO.. 
[1674i].«- ,From oxalic ether (1 mol.) and iso- 
butylaimhB(2 mole). Acute plates, insol. boiling 
water; may bo sublimed (Malbot, C. /£. 104,22s). 

DI-BUTYL OXIDE (C.HJ..O. Mol. w. 130. 
(141°). S.G. s '784 (Tdcbcn a. Rossi, .1. 103, 
110); g -7805. S.V. 197-3. C.E. (0"-10°) -00109 
(Dobriner, A. 243, 8). 

Di-isobutyl oxide (100°-104°). From iso¬ 
butyl iodido and KOC\H y , or Ag 2 0 (Wurtz, A. 
93,117). 

Di-sec-butyl oxide (121°). S.G. 21 -750. 
From aldehyde hydrochloride and ZnEt, (Ivessd, 
A. 175, 56; B. 7, 291). 

p-ISO - BUTYL - PHENOL C 1 H,.C 1 1T 1 01I. 
[99°]. (231°) (S.); (237°) (L.). 1. From aiuidu- 
iso-butyl-benzeno by the diazo- reaction (Stiidcr, 
A. 211, 212; B. 14, 1474, 2187).—2. From 
phenol (100 g.), isobutyl alcohol (80 g.) and 
ZnCl 2 (210 g.) (Lielnnaun, li. 14, 1842; 15, 150, 
1991; Dobrzycki, pr. [2] 30, 300). Needles 
(from alcohol). Volatile with steam. V. sol. 
alkalis. Gives a pp. with bromine-water, but 
no colour with Fe,.Cl (i . Is aVisoptic. FCl, 
gives chloro-iso-bntyl-benzene, wmch on oxida¬ 
tion gives p-ehloro-benzoic acid. Gives a di- 
nitro- derivative [93"). Fused with l’-O, it gives 
phonol and isr'mtyleiio. Anunonia and ZnCI. 
give C 4 H,,.C„H,NH 2 (Lloyd, B. 20, 1251). 

Methyl ether C,TI a .C„H,OMe. (2l5-5°). 
S.G. = 7 - -937. 

Ethyl ether C,H a .C t lI,OEt. (235") (S.); 
(242") (L.). 

Benzoyl derivative C,H. ( .C,lI,OBz. 
[83°J (S.); [80"] (Kreysler, B. 18, 1717); 

(335°); (344°) (K.). White plates (from alcohol). 

Acetyl derivative C 4 H„.C 0 1I,OAc. (215"). 
S.G. ai -999. • 

ISO-BUTYL-PHENOL SULPH0NIC ACID 
O 4 H 0 .C tt Hj(OH).SO 3 H. From isobutyl plu-nol 
and 11-SO, (Liebmariti, B. 15,1990). iiaA',. 2aq. 
1S0-BUTYL-PHENYL-AMINE v. Ajiiuo- 

PHHNVL-BUTANE. 

Di-isobutyl-di-phenyl-amine 
(C„H 4 .C 4 H„).,NH. (290°-315°). Thick oil. 

Formed togetherwitli C,H 4 (C 4 H n ).NII..l>y heating 
oxy-phenyl-isobutane C e II,(C 4 H„).OJi [1:4] with 
ammoniaevl 'ZkBcz (or ZnCi^ and N11 ,llr (or 
NH 4 C1) at 320°- 330°; the y^ld is 20 25 p.c.— 
B'jII 2 Cl 2 PtCl 4 : yellow needles. 1 

Acetyl derivative (C a H 4 .C 4 lI„).jWAc: 
[76°]; glistening white plates ; si. sol. water, 
V. sol. aloohol and benzene (Lloyd, B. 20, 1255). 

DI-ISO-BUTYL-DI-PHENYL CYANAM1DE 
Cj,H m Nj i.c. C(NC s H 4 .CH 2 Pr) ,. Carbo-di-phen- 
isobutyl-imidc. [189°]. Formed by boiling a 
solution of di-isobutyl-di-phenyl-tliio-urea in 
benzene with PbO (Palil, B. 17,1242). Colour¬ 


less crystals. Sol. ho. benzene, si. sol. ether. 
By warm dilute alcohol it is converted into di- 
isobutyl-di-phenyl-ure«. With amines it com¬ 
bines to form guanidines/ Heated with CS. 2 at 
170' it,yields isoluityl-phenyl-lhio-carbimide. 

ISO-BUTYL-PHEN YLENE-DIAM1NE 
C„1I,(N IL)(N11C1IJV. [39"]. Formed by the 
reduction of p-nilro; .-iso bulylanilino IWaeker, 

A. 243, 299). Plates (from ether); can b®dis- 
tiltcd. Its chloride forms white plates; v. soL 
water, si. sol. alcohol, iusol. ether. 

D I-p. ISO-BlfTYL-D I-PHEN YL-GU ANIDINE 
IIN:C(.N Di-jihrni^obutijl^xianid- 

inc. [173°]. i’f ’liied by healing an alcoholic 
solution of di-p-isolMilyldi-phenyl-thiourea with 
NII 3 and load oxide (Pain, J). 17, j. 210). Colour- 
loss plates. V. sol. alcohol ami benzene.— 
B'JLCLPtCl.,: yellow crystalline pp. 

Tri-/)-isi*butyl-tri-phenyl-guanidine 
C ^.GJI ,.N :C(N Il.C, II ,.C, J f .,) a . Tri-phmiso - 

butyl-guanidine. [101°]. Obtained by digesting 
an alcoholic solution of di-^-isobulyl-di-phenyl- 
thiourea with p-isobutylphrnyl-amino and lead 
oxide (P.). Small while noodles. V. sol. benzene 
and hot alcohol. B'.,II.jCl..l > tCl l : yellow needles. 

ISO-BUTYL-PHENYL-(jtf)-NAPHTHYL-THIO- 
UREA 0 11) Jl ; .Nll.C»S.Nll.C li l l..O.JJ*. Pheniso- 
but !/l-(fi)-nti])htli)/l-thioinT<i. [152'], Prepared 
by warming an alcoholic solution of (0)-naphthyl- 
tbio-carbimid** and isolnitylpbonyl-amine (Main- 
zer, B. 1(5, 202(1). White plates. Sol. boiling 
alcohol. By phosphoric acid it is split up into 
isobutyl phenyl - thio - earhimido, (0) -naphthyl- 
thio-curbimidc, isobutylplienyl-aniine, and (0)- 
naphtlivlamino. 

ISO-EUTYLPHENYL - PHENYL - THIOUREA 

V. Pll KN YTj-tS 1 HIUTYIil’IIUNYI j THU UJlttiA. 

TK1-IS0-BUTYLPHENYL-PH0SPHATE 

rO(OC li H 1 .O l iy 3 . (above JDO ). Obtained by 
healing isobu vl phenol wilh FOCI.,; tlio yield is 
1)0 p.c. of (he theoretical (Kreysler, B. 18, 1700). 
Thick liquid. V. s 1. ether, benzene, and warm 
alcol si. sol. petroleum-ether. 

TE’. R.\-IS0-BUTYLPHENYL SILICATE 
Si(OC„ll r C,H.,) 1 . (c. 380'’). Obtained by heating 
isobutyl-phenol with »SiCl 4 ; the yield is 70 p.c. 
of the theoretical (Hertkorn, B. 18,1G02). Thick 
colourless oil. V. sol. benzene, chloroform, 
CS.., etc. 

‘^-ISO-BUTYL-PHEN YL-THIOCARBIMIDE 

SC:N.C„f r.(C,H l( ). Phmisobu tijl - mustard - <«7* 
[12°]. Formed by healing di-p-isobutyl- 

di-phenyl-th ourea with phosphoric acid (Pahl, 

B. 17,1235). Long white needles. V. sol. alcohol 
and ether. 

DI-p-ISO-BUTYL-jil-rEENYL-THIOUREA 

SC(NH.C,JT 1 .C,1 f,,) r I>i-ph(')iisobutyl-thiourea, 
[11)3°]. Formed h cohohating an alcoholic solu¬ 
tion of ymsobutyi phenyl-ami no with CS 2 (Pahl, 
B. 17, 1235). Fine white needles. Sol. ether 
and benzene, si. sol. alcohol, insol. water. 

. DI-p-ISO-BUTYL-Df-PHENYL-UREA 
0C(N1I.C,H 4 .C 4 H,). 2 . Di ■ phenisobutyl - urea. 
[284"]. 

Formation .—1. By the action of carbonyl 
chloride on jo-isobutylphenyl-amine dissolved in 
benzene.—2. By cohobating an alcoholio solution 
of the thiourea with mercuric oxide (Pahl, B . 
17,1240). Colourless needles. Sol. hot alcohol, 
insol. water. 
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BUTYL-PHOSPHINE. 


ISO. BUTYL-PHOSPSlNE O.H.PH,. (62°). 
Prepared, together with the following, from iso* 
butyl iodide, ZnO, and P{1,I at 100° (Hofmann, 
B. 6, 296). Besemblts ethyl-phosphine in pre¬ 
paration and properties. a 

Di-isobutyl phosphine (C.EQ-PH. (1*3°). 
Tri-isobutyl phosphine (C,H s ),l’. (215°). 
From the preceding and isobutyl iodide. 

Tbtra-isobutyl-phosphonium iodide 
(C,H,) 4 PI. Crystalline. , 

ISO-BOTYL-PHOSPHINIC ACID C,H„PO,H 2 
[100°]. Paraffin-like solid (Hofmann, IS. 6,301). 
—A'Ag. Amorphous pp. 

iff-isobutyl-phosphinic fl-id (C.IIJ.POJI. 
Oil.—A'Ag. Amorphous. ' 

ISOBDTYI PIIOSFHITE. Dichloride. 
C 4 H,0.PC1.,. (155°). S.G. 2 1-191. A by¬ 

product in the conversion of isobutyl alcohol 
into isobutyl chloride by PCl a (MenSeliutkin, A. 
139, 347). 

DI-ISO-BUTYL-PINACONE C,,II,„0 2 i.e. 
Pr.CHj.CH 2 .CMe(OH).CMe(OII).CH ; .CH 2 .Pr. Di- 
oxy-tetra-dccane. Tctra-decylene glycol. [30°]. 
(268°). A product of the action of Na upon 
methyl iso-amyl ketone (ltohn, A. 190, 305: 
Purdie, C. J. 39, 468). Needles, insol. water. 
BUTYL-METAPYKAZOLONE v. Dr -OXY- 


■Secondary butyl sulphide (CMeEtH)-8 
(165°). S.G. ** - 832. Combines with Mcl (Bey- 
mann, B. 7,1288). 

Isobutyl disulphide (CH 2 Pr) 2 S 2 . (220°) 

(Spring a. Learos, B. 15, 1938). 

ISO-BUTWL SULPHOCYANIDE CH.I’r.S.CN. 
(175°) (Keimer, B 3, 757). 

n-BUTYL SULPH0NE (C,H,) 2 gO.„ [44°]. 

From iumingHNOj and (C,H a ) 2 S (Grabowsky, 
A. 175, 348). 

Di-isobutyl sulphone (C ( Tr>) 3 S0 2 . [17°]. 

(205° i. V.). S.G. — 1-000. Di-isobutyl sulph- 
oxido (100 ptl.) is dissolved in water (1000 pts.) 
and oxidised by KMuO, (6)1 pts.) dissolved in 
water (1900 pts.). Excess of peimangqnj:t% de¬ 
stroyed by sodic formiate arid tha» Sulphone 
oxtracted by other. The yield is quantitative 
(llcekmann, J. pr. [2| 17, 448). 

Properties. Whito plates. Not affected by 
reducing agents 

n-BUTYL SULPHOXIDE (C,H,,).,SO. [32°]. 
From IINO, (S.G. 1-3) und (C 4 il,).,’S (Grabow¬ 
sky, A. 175, 348). 

Di-isobutyl sulpboxide (CJIJ.SO. [69°]. 
From di-isobutyl sulphide (1 pt.) and (2 pts. of) 
IINO a (S.G. 1-4) in the cold. F.xtracted with 
ether after neutralisation. The yield is quanti- 


SUTYL-MKTAPYRAZOL. 

[Py. 3)-IS0-BUTYL - QUINOLINE C la H ls N j 
-CH:CH 

4. e. C a Il/ | (271°). Colourless oily 

\N = C(C ( H„) 

liquid. Formed by distilling its (Py. l)-car- 
boxylio acid with lime (Doebnur, B. 20,280; A. 
242,282). , 

Picric acid compound B'.C s H,NjO r 
[161°]. Lemon-yellow plates (from alcohol).— 
(B'HCl)jPtCl,. Orange-red needles (from water). 

(Py. 3)-IS0-BUTYL-QUlN0LINE —(Py. 1) — 
CABBOXYLIC ACID 

>C(C0 2 II):CH 

0 m H,jN0 2 i.e. C 8 ff,<[ m I* . Isohutyl - 

\N=C(CJI,) 

cinchonic acid. [186°]. I’ormed by the nation of 
isovalerio aldchydo upon pyruvic aeid and 
aniline. White satiny plates (containing Haq) 
(Doebner, B. 20, 279; A. 242, 280).— B'HCfoq; 
plates.—B'jHjPtCI,.— AgA'. 

ISO-BUTYL SILICATE (PrCII,) 4 Si0 4 . (c. 258°). 

5. G. l* '953. From SiCl, and isobutyl alcohol 
(Cahours, O. B. 77, 1408). Slowly decomposed 
By water. 

BUTYL SULPHATES . * 

n-Butyl-sulphurio acid Pr.CH,.SO,H. 

Salt. —BaA' 2 aq: crystalline plates. S.G. Al 
1-778 (Lieben a. Boss), A. 165,116; Clarke, B. 
11,1606). , 

Isobutyl sulphuric acid PriCIL.SO.H. From 
the alcohol and H 2 SO, (Wurtz, C. B. 35,310).— 
KA': lamina (from alcohol). 

Chloride C,H„.0.S0 2 C1. From isobutyl 
alcohol and S0 2 C1 2 (BeHrend, J.pr. [2] 15, 34).,, 
Liquid. 

- n-BUTYL SULPHIDE (C t H,) 2 S. Mol. w. 
146. (182°). S.G. a -852; w -839 (Saytzcff, A. 
171, 253). From butyl iodide and K Z S. 

Isobutyl sulphide (Fr.CH 2 ) 2 S. (171° i. V.). 
B.G. 12 -836. Formed by distilling isobutyl sul- 

5 bate with oono. aqueous KHS (Beckmann, 

■ pr. [2] 17,445). 


tative (Beckmann, J. pr. [2] 17, 446). 

Properties .—Yellow needles. Soluble in 2 
parts of cold water, but separates as an oil on 
warming. Beadily reduced to di-iso-butyl sul¬ 
phide. 

BUTYL SULPHUBIC ACID v. Burn, sot,- 

rHATK. 

DI-ISO-BUTYL-THETINE 

C0 2 H.CH 2 .S(C,H !l ) 2 (0H). Tho hydrobromide 
is a syrup formed by the action of isobutyl sul¬ 
phide on broAo-acetic acid at 100°. Lead con¬ 
verts it into crystalline C,„H 20 SO 2 51 > bBr 2 and 
C,„H 2u SO,3PbBr, (Letts, Pr. K. 28, 588). 

n-BUTYL THIO CABBIMIDE CILPr.N.CS. 
Mol. w. 115. (167°). Formed by boiling »- 
butyffiinine with CS 2 and alcolml. Evaporating 
the alcohol and heating theresiduo with aqueous 
IIgCl 2 (Hofmann, B. 7, 508). Nil, gives butyl- 
thio-urea [79"]. 

Isobutyl thio-carbimide CH a Pr.N.CS. (162°). 
S.G. 11 *937. Similarly prepared. (II.). NH, 
gives isobutyl-thio-urea [94°J. 

Secondary isobutyl thio-carbimide 
CHMeEt.N.CS. (160°). S.G. 13 ‘944. Similarly 
prepared. It is the essential constituent of the oil 
of scurvy-grass or spoon-wort (from Cochlearia 
officinalis) (Hofmann, Z. [2] 5, 400; B. 2, 102). 
NIL, gives butyl-thio-urea [135°). 

Tertiary butyl thio-carbimide CMe„.N.CS.. 
[11°]. (140°). S.G. 2i -900 (Budneff, J. B. 11, 
179; B. 12,1023). 

BUTYL THI0-CABB0NXC ACID o. Turn- 

CAIiliOXIC ACID. 

n-BUTYL.TH19PHENE (1 < 'T IT ,;C ) H,) (181°). 
S.G. 12 -957. Colourless oil. Formed by the 
action of sodium on a mixture of iodothiophene 
and lrutyl bromide (Moyer a. Kreis, B. 17,1561). 

BUTYL-TH10-UBEA8. The preparation and 
properties of theso bodies are analogous to those 
of the corresponding ethyl thio-ureas (q .».). 

n- Butyl thio-urea CH.Pr.NH.OS.NH_ 
[79°]. From butyl thio-oarbiinide and NH, 
(Hofmann, B. 7, 512). 

Isobutyl thio-urea [94°J (H.). 
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Ssc-butyl thlo-urea [188°] (H.). 

Tert- butyl thio - urea CMej.NH.CS.NHL,. 
[185°] (Eudnefl, Bl. [2] 83, 300). Prisma, sol. 
aloohol. * 

Hi-tert- butyl thio-urea SC(NHCMe a ) 2 . 
[162°]. From tert-butyl-amine,%3S 2 , and alco¬ 
hol. Formed also by the action of tert-butyl 
thiocarbinude on tert-butyl-amine (Budncff, Bl. 
[2] 33, 300). 

m-ISO-BUTYL-TOLUENE C.,H,(CII,)(C,H„) 
[1:3). (187") (K. a. B.); (194°) (It.); (185°) (E.). 
Methyl -' isobutyl - benzene. Colourless liquid. 
Occurs in oil of resin (Kclbo a* Baur, II. 10, 
619, 2559 ; Benard, A. Ch. (01 1, 250). Pre¬ 
pared by the action of isobutyl bromide on 
toljeridvn presence of AL,Br„ (K. a. B.). Formed 
by diazolfcing methyl -isobutyl-phenyl-amine 
and treating the diazo- salt with an excess of 
SnCL; (Effront, B. 17,2329). On oxidation with 
HNOj it first gives i«-iso-butyl-benzoie acid and 
finally isopbthalic acid (Kolbo a. Pfeiffer, B. 
19, 1723). 

p-(Iso1) -Butyl - toluene C^H^GHj^CJI,,) 
[1:4]. (178°). Occifts in oil of resin. UNO, 

oxidises it to y-toluic acid (Kclbo a. liaur, B. 
16, 2562). 

p-Isobutyl-toluene (c. 195°)? Formed by 
heating toluene with isobutyl alcohol and 
ZnCl 2 (Goldschmidt, II. 15, 1067). Formed, 
together with the m-isomeride, by the action 
ol isobutyl bromide on toluene in presence of 
AljBr, (Kelbc a. Pfeiffer, B. 19, 1725). UNO, 
oxidises it to p-isobutyl-bmizoie acid. 

m-ISO-BUTYL-TOLBENE-SBLPHONIC ACID 
G s H J (CH ;1 )(C,H,)(SO.,H) [1:3:*]. [70°]. Small 

hygroscopic plates. Formed by sulplionation of 
m-iso-butyl-tolucne. 

Salts.—KA'aq: large solif /- pearly plates. 
—NaA'aq : needles. — CuAVlaq : large bluu 
soluble plates.—BaA' 2 aq : small plates, si. sol. 
cold water and alcohol.—PbA' 2 3aq: pearly plates. 

Amide : ['.5°], small plates, soluble in water 
(Kelbe a. Baur, II . 16, 2560). 

p-(Iso ?)-Butyl-toluene-salphonic acid 
C,H,(CH,)(C,H„)(SOjII) [1:4:*]. Obtained by 
sulphonation of p-isobutyl-toluene. 

Salts. — KA'lJaq : small easily soluble 
plates.—NaA'2aq. — BaA'.aq: small sparingly 
soluble plates.—CuAj*aq: easily soluble blue 
crystals. — PbA' 2 3aq: small plates,' sol. hot 


water. 

Amide: [113°], largo pearly prates, si. sol. 
hot water (Kolbo a. Baur, B. 16, 2563). 

ISO-BDTYL-o-TOLDIC ACID 
0,H J (CH 1 )(C,H,)C0 2 H [1:3:6]. [140°]., Fortupd 
by saponification of its nitrile (Effront, B. 17, 
8334). White needles. V. sol. alcohol and 
ether, si. sol. hot water, insol. cold water.- 
A'Ag: colourless plates, v. sol. hot water. 

Nitrile C„H,,(CHj)(C,H„)CN [1:3:6]. [60°]. 
(248°). Formation.—1. By distilling the formyl 
derivative of mecnyMsobutyl-pnenyl-amine with 
zino-dust.—■ 2. By heating jisobutyl-tolyl-thio- 
oarbimide with copper powder (E.). Long 
white needles. V. sol. alcohol and ether, si. 
sol. hot petroleum-ether, insol. water. 

Iio-butyBtoluio acid G 8 H(CH a )(C,H B )C0 2 H 
[1:6:6]. [132°]. Formed by saponification of its 
nitrile (Effront, B. 17, 2343). White silvery 
plates. V. sol. alcohol and ether, si. sol. hot 
water. — A'Ag : odourless plates, sol. hot water. 


Nitrile 0 s H,fCH 4 )(0,H„)CN [1:6:6]. (248°). 
Formation. — 1. By distilling the formyl 
derivative of methyl-isobutyl-plienyl-amine with 
zinc-dust.— 2. By heaV'ag Isobutyl-tolyl-thio- 
carbimide with copper-powder (Effront, B. 17, 
2343): e Colourless oil, solidifies on freezing to 
a white crystallino mass. V. col. alcohol and 
ether. 

ISOBUTYL-TOLUiDINE v. MsTUYiftBO^UTVIc 

em,\ vl-avim:. 

• BUTYL-TOLYL-AMINE r. Mumn-mniL- 

PHENYL-AMINK. 

ISO-BUTYL-TOLYL-THIOCARBIMIDE 

C, 1 H :l (CH : ,)(G,i: t ).NCB (1:3:6). [l(i°(. (2754 UfO 0 ). 
Formed bv the ■ eliou of pliosphoric acid on di- 
isobutyl-di-tolyl-tliiourc i (Klfre'-t, B. 17, 2336). 
Long white needles. V. sol. alcohol and ether. 

Iso-butyl-tolyl-thio-cdrbimide 
C„H ;t (CII 2 )^p 1 H y )NCB (1:5:6). [M 0 ]. (267°). 

Formed by heating di-isobutyl-di-tolyl-thiourea 
with phosphonio acid (Effront, B. 17, 2345). 
While crystalline solid. V. sol. alcohol and 
other. 

DI-ISOBBTYL-DI-TOLYL-THIODKEA 

SC(Nn.C.U;,(CH 2 )(C,H„)[6:l:3J).. (184°). 

Formed by digesting methyl-isobutyl-plienyl- 
amine with CS, in alcoholic solution (Effront, 
B. 17, 2335). Long thin silky needles. V. soL 
ether, si. sol. alcohol. 

Di-isobutyl-di-tolyl-thiourea 
SC(NH.C„H 2 (CH,)(C J II„)[6:1:5]) 2 . [175°]. 

White needles. Sol. hot alcohol. Formed by 
digesting mcthyl-isobutyl-phenyl-amine with an 
alcoholic solution of CS s (KITront, B. 17, 2344). 

ISO-BUTYL-TTREA. 'Valeryl derivative 
NH(C 4 N 9 ).CO.NH(CO.C 4 II,,). [102 ’1- Flat noodles. 
Sol. alcohol and ether, si. sol. water. Formed 
by the action of KOII on a mixture of (2 mols. of) 
valeramide (isopropyl-acetamide) and (1 mol. of) 
bromine (Hofmann, B. 15, 758). 
Iso-^ri-di-Vatyl-nrea 

CMe.j.NII.OO NH.CIijFr. [103°]. From tert - 
butyl cyanaie and'*sobutylaniine (Brauner, B. 
12, 18,5). 

Di-fjr^-butyl-urea (CMe,NH),CO. [242°]. 
From ferj-butyl cyanate and ferf-butylamine (B.). 
ISO-BUTYL-XANTHAMIDE v. Thio -carbonic 

ETHEltH. 

BUTYRAL v. Butyric aldehyde. 
BUTYRAMIDE v. Amide o/Bittyrio acid. 
Di-isobutyramide (0,H y .CO)..Nll. [174°]. 

Formed by the action of ammonia on isobutyryl 
chloride jHofmann, B. 15, 081). Long needles. 
Sublimable. Sol. alcohol. On distillation it 
splits up into isobutyric acid and isobutyro- 
nitrile. 

^--BUTYRIC ACIP C.H/), i.e. 
CH 3 .CH...CIT...CO,H. Mol. w. 88. [c.-3 0 ]. 

(102° cor.). S.G. *1)594 (Briilil); % 1)70 (Zander); 

-9670; U *1)588 (Perkin, C.J. 15). C.E. (0°-10°) 
•00104 (Z.)l M.M. 1*472 at 18*8° (P.). 1*4025. 

R ~ 35*50. S.V. 107*85 (It. Sehiil, A. 220, 105); 
108*3 (Z.). S.H. *410 di 0° (Schiff, A. 234, 300). 
• Occurrence. —1. Butter contains 2 p.c. of 
glyceryl butyrate (Chevreul, A. Ch. [2] 23, 23). 
Rancid butter contains free n-butyric acid (Griin- 
zweig, A. 1G2,193).—2. In crude wood vinegar.— 

3. In perspiration (Schotten, J. 1852, 704).— 

4. In muscular juice (Scherer, A. 09, 190).— 

5. In the contents of the large intestine.—6. As 
hexyl butyrate in oil got from fruit of Heracleum 
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figanieum. —7. The fruit of Pastinaca saliva 
contains octyl butyrate.—8. In oheeso (e.g. of 
Limburg) (Iljenko, A. 63, 268). 

A great many vegetable and animal juices 
and oils contain butyric acid, but in most cases 
it has not been determined whether tho u,:id is 
n- or iso- butyric acid (Gorup-Besanoz, A. 69,369; 
Klinger, A. 106, 18 ; Kramca Ar. Ph. [2] 51, 9; 
Wagngr, 3. pr. 46, 155; Scherer, A. 69, 196; 
Eebling, Ar. Ph. [2] 92, 63 ; 93, 300). 

Formation. —1. Aprodnctof the fermentation 
of sugar, starch, milk, fibrin, and most kinds of 
vegetable and animal matter (I’elouzo a. Clelis, 
A. Cn.‘ t8] 10, 436; Lereh, A. 49,2AS; Bonaparte, 
O. It. 21,1070; Erdmann a. Mammnd, J. pr. 29, 
468; Wurtz, A. 52, 291 f Scluirling, A. 49,313; 
Schubert, J. pr. 33, 256; Sullivan, ,1. 1858, 280; 
Bitthausen, A. [2] 4,311).- -2. By fermentation of 
calcium lactate: 2C JIX), = 0,11,0,, + JpO... + 2H„. 
3. Along with n-butyl alcohol by tho fermentation 
of glycerin through a Schizomycctes in presence 
of CaC0 3 (I’itz, Jt. 9, 1348).—4. By the action of 
CrO, on albuminoids (Guckclbcrgcr, A. 61, 68).— 
5. liy the action of 1IN0 3 on fats (Kcdtenbacher, 
A. 59, 40) and on Chinese wax (Bncktnn, C. ,J. 

10, 160).—0. By oxidation of couiino (Blytli, .4. 
70, 89).— 7. By the aceto-acetie ether synthesis 
(Frankland a. Duppa, A . 138,218) v. Ackto-acktic 
ethek.— 8.By passing CO overa mixture of NaOEt 
and NaOAcal 200 ’: C..1 l,NaO + C..H.,NaO., + CO = 
CHNa0 2 -i C,H ; Na0.j "(Frcihlich, A. 202, 306). 

Preparation. — Sugar (0 kilos.), water (26 
litres), and tartaric acid (30 g.) are left for some 
days, aftor which there is added putrid cheese 
250 g ), sour skimmed milk (8 kilos.), and chalk 
3 kilos.). Tho mixture is kep\ at 30° to 35° with 
occasional stirring. Calcium lactate is first 
formed, and this is afterwards decomposed with 
evolution of hydrogen (?/. Formation 2); at tho 
end of six weeks tho evolution of gas ceases and 
tho whole is now converted into’calcic butyrate 
(Bensch, A. 61, 177, of. GrUlons, A. 165, 127; 
Lieben a. Rossi, A. 158, 146; and l it:'. /). 

11, 62). Crude butyric acid may be pnrilied by 
etherification, followed by saponification ,>f tho 
butyric ether (121 ) (Bannoif, D. 19, 2552). 

Properties. —Liquid, miscible with water, of 
powerful unpleasant smell. Separated from 
aqueous solution by CaCL. Its barium salt is 
more soluble in alcohol than those of formic, 
noetic, or propionic acids. Its calcium salt is 
ppd. by boiling a solution saturated in the cold. 

Reactions. —1. Boiled wifh llNO,«it gives 
Bucoinic acid (Dessaignes ; Erlcnmlyer, A. 180, 
207).—2. With CrO ; , it gives CO. and acetic acid 
(Griinzweig a. Ileoht, B. 11, 1053).—3. With 
MnO„ and ililuto H.SO, it gives propyl butyrate 
(Veicl, A. 148, 164).—4.fl'he silver salt decom¬ 
poses on dry distillation accordmg to tho equation: 

4C 3 H,.C0 2 Ag =» 3C 3 U,.CO.H i CO.. + C + 4Ag 
(Iwig a. Hecht, B. 19,210). - 5. Distillation over 
zinc-dust at 350° gives di-propyl ketone, propyl¬ 
ene, CO, H, and other products (Jahn, B. 13, 
2116). 

Salts.—NaA'.—KA'. S. 125 at 15°. Very 

deliquescent_MgA' oaq. Very soluble plates.— 

CaA'j. S. 20 at 0° ; 18 at 22° ; 15 at 60° ; 16-2 
at 100° (Chancel a. Barmentier, C. R. 104, 474; 
Hecht, A. 213, 69). Trimotrio needles.— 
CaA' 2 aq. S. 19-6 at 22°.—(CaA'„).(C,H,0 2 ) 5aq. 
CaA5CaCh(C,H,0 2 ),.-CaCl 2 (C 1 H,0 2 ) 2 2aq (Lie- 


ben,. M. 1, 926).— SrA’,. S. 40 at 22°.— 
BaA' 2 4aq. S. 40 at 14°. S. (alcohol) 11*7. 
Trimetric. — BaA' 2 2aq. — BaA' 2 C,H s 0 2 (Mixter, 
Am. 8, 343).—Ba.V'2CaA' 2 . Regular ootahedra 
(Fitz, B. 13, 1314). ZnA' 2 2aq. S. 11 at 16°. 
Monoclinic prisons. Gives pp. of basic salt on boil¬ 
ing. — PbA' 2 : oil.—rbA' 2 2PbO. — PbA' 2 2CaA'j: 
eul’cs. — CuA'j 2aq. Monoclinio. — CnA' 2 aq. 
Triclinio (Altli, A. 91, 176).—CuA' 2 2Cu(As0 2 ), 
(Wiihler, A. 94, 44).—AgA'. S. -343 at 4-6°. 
Needles or monoclinio prisms. 

Methyl ether (102°). S.G. £-9194 (Gar- 
tenmeister, Ax‘233, 249); " "9194 (F.lsiisser, A. 
218, 314); 1 -948 (Kaklbaum, IS. 12, 344); f 
•8962 (Briihl); .]? -9037; & -8915 (Perkin, O. J. 
45, 183). M.M. 5-387 at 16-4" (V.). S.V*. ?2««J5 
(It, Schiff, A. 220,332). up 1-3936 (Brfftl). R x 
43-11 (B.). C.E. (0°-10°) -001150 (E.). 

Ft thy l ether. —Mol. w. 116. (121" cor.). V.D. 
8-99 (tor 4 00) (S.). S.G. -j -9001 (Gartcnmeister); 
i -8996 (E.); -898 (Linncmann a. Zotta, A. 

i01, 178); 'f -8892 (B.); {5-88-19; 0 '8762 (P.). 
M.M. 6-477 at 10-1“ (P.)'. S.V. 150-23 (S.). 
fte 1-4007. It a, 50-33 (B.). C.E. (0°-10°) 
•001162 (E.). Smells iike,pinc-apples, in which 
it occurs as well as in other fruits. 

Allyl ether (140°) (Cuhours a. Hofmann, 
2V. 1857,655; A. 102, 296); (145°) (Bcrlhelot 
a. De Luca, A. 100, 300). 

Propyl ether (113° cor.). S.G. ° -8930 
(E.); — i-879 (Liunemann, A. 161, 53). S.V. 
173-85 (S.). C.E. (0°-10 o ) -001077 (E.). 

Iso-propyl ether. (128°). S.G. - -879; 
15-865 (Silva, A. 153,135). 

n-Butyl ether (165° cor.). S.G. 5-8878 
(G.); n -876 (Linncmann, A. 101, 195);* -889 ; 
— -872 (Lieben a. Rossi, A. 158, 170). S.V. 
197-8 (G.). Cii. (0° 10°) -00105 (G.). 

Iso-butyl ether (1585) (S.) ; 157° (E.). 
S.G. 1 -8818 (E.); a -880 ; 15-866 (Griinzweig, A. 
162, 207). S.V. 197-66 (S.); 200-53 (E.). C.E. 
(0 -10°) -001093 (E.). Velocity of brominalion : 
lirccltf IS. 13, 1693. 

n-Amyl ether (184-8°). S.G. §-8832. C.E. 
(0° 10 ') -00099. S.V. 222-3 (Ga.). 

Iso-amyl ether. (176") (Delfts, A. 92, 
278); (178-6°) (E.). S.G. § -8823 (E.). S.V. 
221-52 (E.). C.E. (0°-10°) -001014 (F„). 

Hexyl ether. (205°). S.G. [) -8825. C.E. 
(0°^10°) -00090. S.V. 240-4 (Ga.). From Ilcra- 
cleum (Franck iraont a. Zincke, A. 163,198). 

Heptyl ether (225°). S.G. g -8827. C.E. 
(0°-10°) -00093. S.V. 270-2 (Gartenmeistcr). 

Octyl ether. (245°) (It.); (242°) (G.). 

S.».» -8794. C.E. (0°-10°) -00091. S.V. 295-6 
(G.). From Pastinaca saliva (llenesse, A. 166, 
80). 

Cetyl ether. [20°J. (c. 265°) at 200 
m.m. S.G. 25 -856 (Dolifus, A. 131, 285), 
Ethylene ether v. Glycol. 

Ethylidcnc, ether v. lf i-b\ityryl ortho- 
Aldejiyde p. 106. 

Glyceryl cthlr v. Glycerin. 

Apnide CjI 4,.CONH 2 . [115°]. (216°). 
Prepared by heating ammonium butyrate under 
pressure at 230“ ; the yield is 75 p.c. (Chancel, 

A. 62, 294; Buckton a. Hofmann, O. J. 9, 241; 

B. 15, 982).-IIg(C J H,NO) 2 . 

Anilide C 3 H,.CO.NH(C,H 5 ). [92°]. Pearly 
plates (from dilute alcohol). Sol. ether. Formed 
by heating butyramide, butyric anhydride, u 
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chloride with aniline (Gerhardt, A. Ch. (31 37. 
829; Kelbe, S. 16, 1200). 

Chloride O.H..COC1. Mol. w. 106-5. 
(101°). S.G. \° 1-0277. #4178. B » 41-43 

(Briihl, A. 203, 19). From butyric acid (96 pts.) 
and PCI, (100 pts.) (Burcker, A. 9k. [5j 26,468; 
Linnemann, A. 161,179). Converted bv sodium- 
amalgam ipjo dibutyryl (C,II,0).,. A1..C1,. forms 
crystalline C,,H„0, [107°1 • butyro - bntyi-vl - 
butyric anhydride.’ NaOH forms C,,H,.,'NaO, 
(Combes, C. U. 164, 853). 

Bromide C.H.O.Br. (128°) (Berthelot, J. 
1857, 314). • 

Iodide 0,11,0.1 (147°) (Cahours, A. 101, 

^ni~Z'.(bride fC,H,0),0. (192°). S.G. 13 -978. 
V.D. 5*38 (otis.). From sodium butyrato (4 pts.) 
and POOL, (2 pts.) or BzCl (2* pts.) (Gerhardt, 
A. 87, 155). Also from bntyryl chloride and 
butyric acid (Linnemann, A. 161, 170). Heated 
with sodium butyrate at 180° it forms di-propyl- 
ketone (Perkin, O. J. 49, 325). 

Peroxide (C 4 H 7 OLO.,. From butyric an- 
hydrido and Bz..0 2 . On (Brcdic, Pr. 12, 655). 

Nitrile C.,II 7 .CN. Propyl cyanide. Mol. w. 
69. (119°). S.G. - *795. Formed by distilling 
the amide or ammonium butyrato with P.O. 
(Dumas, A. G4, 334; Henke, A. 106,272). 

Isobutyric acid (CM,)..CII.CO..H. Mol. w. 
88. (153° cor.). S.G. *9539; *9157 (Perkin, 

C. J. 45,487); -9190(Briihl); £*9651 (Zander). 

C.E. (0°-10-) *00110 (Z.). S. 20 at 20*. M.M. 
4-479 at 17-8° (l\). S.V. 108*57 (It. Schilf, A. 
220, 105). n fl 1*3979. 35*48 (B.). S.H. 

*435 at 0° (Schilf, A. 234,300). Heat of solution 
973. Heat of neutralisation in dilute solution 
13989 (Gal a. Werner, Bl. [2] 46, 801). Vapour - 
pressure : Iticliardson (G. J. 49, "*). 

Occurrence. —1. In St.John’s broad, the fruit 
of Ccratunia siliqua (Griinzwcig, A. 158, 117 ; 
102, 193).—2. In the root of Arnica montuna 
(Sigol, A. 170, 3-i5). — 3. As an ether (isobutylic?) 
in lIonian oil of chamomile (Kopp, A. 111.:, 85; 
Kiibig, A. 195, 90).—4. In human excrement 
(Brieger, B. 10, 1029). 

Formation. —1. From iso-propyl cyanide and 
potash (Markownikoff, A. 138, 301).—2. By 
saponifying di-mcthyl-aceto-acctio ether (Prank- 
land a. Dnppa, A. 138,337).—3. Aqueous calcium 
butyrate which had been heated and cooled in a 
sealed tube 30 or 40 times in 10 years was 
found to have changed to the extent of 10 p.c. 
into calcium isobutyrato (Erlnnmoyer, .1. 181, 
126).—4. By the oxidation of pyroterebic acid 
(Williams, B. 0,1094). # • 

Preparation. —By adding K.,Cr.,0 7 (4 pls.)*to 
a cold mixture of isolmtyl alcohol (3 pts.), IPSO, 
(5J pts.) and water (15 pts.). Isobutyl isobutyrato 
separates. It is distilled with moist potash, and 
the potassium salt is distilled with strong IPSO. 
(Pierre a. Pucbot, A. Ch. [4] 2.^ 366). 

Properties. —Unpleasant smelling liquid. 

Reaction. —1. Oxidised bf CrO; mixture at 
140° to CO,, acetone (PopolT, Z. 1871, 4) juid 
acetic acid (Erlcnmeycr, Z . [2] 7, 57). —2. Oxi¬ 
dised by KMnO, in alkaline solution, to B- oxy- 
isobutyric acid, (CII,) 2 C(OII).Cu 2 II, according 
to Bichard Meyer’s rule that when the group CII 
is united to three carbon atoms it may be oxi¬ 
dised to C.OH. — 3. Calcic isobutyrato on distil¬ 
lation gives di-isopropyl-ketone, with smaller 


quantities of methyl teri -butyl ketone, iso¬ 
butyric aldehyde, and isobutyric acid (Barbaglia 
a. Gucci, Q. 11, 84). 


acid. 


Salts.—More soluble Finn thoso of »-butyrie 
id.—CaA'.aq: email pl.itos. S. (of CaA',) 20 


at 0 ’; JS at 80°; 25 at 100°. —CaA',_. 5aq: long 
nnmoclmic prisms (Chancel a. Parmeiitier, C. 11. 
164, 477).- SrA'.. 5:1,. S. 44 at 17 J (hydra- 
toil) ((inihzwidg). - Ba.V., iuq. Mondfcliruc.— 
lia.V.Tf.V (74°J (Mixter,” Am. 8, 346).— 
llaA'.llai:C.II ;l O,). aq. — ZnA'-aq. S. (hidrated). 
17 at 20’.—I’liA'.. S. 9 at 16°. Trimetrio 
plates. Molts under hot water.—AgA'. B. -93 
at 16°. Plates. 

Methyl ct>*er. (92°). S.G. ? *9112 
(Rlsiisser, A. 218, 332). C.E. (O'-l(P) *001223 
(E.). S.V. 126*5. II P. p. 109,600. H.F. v. 
116,760 (Th.). 

Ethyl fther. (110°). S.G. *’ *8904 (E.) 

51 -8758 ; -8670 (Perkin, C. J. 15, is?). M.M. 

6*479 at 21*8° (P.). C.E. (0° 1 O') *001156 (K.j, 
S.V. 148*86 (E.) ; 150*68 (Schilf, A. 220, 333). 

Propyl ether. (135°). S.G. l> *8813 (E.V 
C.E. (0 J -10°) *001039 (E.). S.V. 173*7 (E.): 
171*2(8.). 

Iso-propyl ether (120°). S.G. *879 
(Pribram a. Handl, M'. 2, 691). 

Iso-butyl ether. (116*6 ’) (E.); (149°) 
(S.). S.G. S-H750 (E.). C.E. (0 '-10°) *000994 
(E.). S.V. 198*2 (S.) ; 196*0 (IP). 

Iso-amyl ether. (169') (E.). S.G.2‘8760. 
C.E. (0' J -10 J ) *001031. S.V. 223*04. 

Benzyl ether v. p. 493. 

Amide [129°). (c. 218 ). Prepared by 

I heating ammonium isobutyrate at 230° under 
: pressure ; the yield is 90 p.e. (Hofmann, B. 15, 

; 982 ; cf. Letts, B. 5, 672 ; Munch, A. 180, 340 ; 

: ami Di-iso-iwTYHAuiVE). 

I B romo-amide C : ,H f .C().NHBr. [92°]. 
i Prepared by the action of bromine and KOH on 
! isohutyramide v ilof»pann, B. 15, 755). Large 
colourless neeu’t , sol. cJier, si. sol. water. De- 
j composed by caustic alkalis into propylamine, 
HI»r, and C() 2 , but by carbonate»l alkalis tbereac- 
' tion st<£»s half way with production of propyl 
' cyan ate. 

! Iso-propyl - amide PrCO.NHPr. [102°]. 

I (210 J ). Formed by the action of acetyl chloride 
j on di-isopropyl acetoxim (Meyer and Warring- 
j ton, C. J. 51, 685). Also by tho action of iso- 
: butyryl chloride on isopropylamine. Colour- 
' less transparent needles v. sol. alcohol and 
1 ether, n*. *oI. water Sublimes at ordinary tern* 

I peratures ai .1 distils without decomposition, 
j Is decomposed by prolonged boiling wi ll alco- 
; holic potash into isobul/rio acid and isopro- 
j pylamine. 

| Anilide CJT 7 .CO.'IITC,H.. [103°]. From 
isobutyric acid and aniline (Norton, Am. 7,116). 
Prisms. 

V-Bromo -ani Hde C :l H..CO.NII.C,JI 1 Br 
[1:4J. [12S U ]. From the precoding and Br (N.)- 
, Chloride CJIj.CC^Cl. (92’j (Markowni¬ 
koff, if. 1866, 501). S.G. 1*0174 (Briihl, A. 
203, 20). y. g 1*4135. It*, 41*41 (B.). ZnMe* 
(1 mol.) followed by water converts isobutyry! 
chloride into a ketone C IO H lh O (190°). S.G. 2 ‘ 
*870 (Pawlow, A. 188, 139). ZnMe, (2 mols.)’ 
followed by water forms tertiary butyl alco¬ 
hol and sometimes a ketone C..IL. 2 0 (218°k 
S.G. - *864. 
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Bromide (1I7 8 ). 

Anhydride (O.H,0) 5 0. (182*). S.G.-^ 

■9574 (Markownikoff, Z. 1866, 501; Tdnnies a. 
Btaub, I). 17, 860). a 

Nitrile (CH,) 2 CH.CN. (108"). From iso¬ 
propyl iodide, KCN, and alcohol (Markownikoff, 
Bl. 1866, 63). From isobutyric acid and potas¬ 
sium sulphocyanide (Letts, *3. 6, 069). 

«#BUvYRIC ALDEHYDE C 4 II„0 i.c. 

CH,.OIL.CII,.CIIO. (74°). Mol. w. 72. S.G. 

V -8170 (Briihl). 1-381)3. 32-93. S. 3-7. 

•Got by distilling calcium butyrate with calcium 
fotmato (Linnemann, A. 161, 180; Lipp, A. 
211)111)5). From casein by oxida* ion with H 2 S0 4 
and Mn0 2 (Guckelberger, A. 6-I 1 39). 

Reaction. -’• - Aqneifus NaOII and NnOAc 
form oily C,H, ,0 (173°). It is probably 
Pr.CH.,.CH:CEt.CIIO as it reacts with phenyl- 
hydrazine and combines with bromif.o (Kaupeu- 
straueh, M. 8,108). 

Ammonia compound 
(CH,) 2 CH.CII(OH) (NH 2 ) 3iaq. [31°]. Trimetrio 
pyramids. V. si. sol. water, v. soi. alcohol, m. 
sol. ether. Deliquesce abovo 4°, giving off water. 

Bisulphite compound C 4 H,ONnHSO, 
(Juslin, B. 17, 2505; Kahn, B. 18, 3364). 

Butyraldines. Dibutyraldino C„H l7 NO and 
tetra-butyraldino 0, 6 H 22 N0 2 are formed by the 
protracted action of alcoholic ammonia on 
butyric aldehydo (Schiff, A. 157, 352). Butyral- 
dine, on distillation, gives para-coniine C,H 15 N. 

Butyral C.H.0 (?) (95"). S.G. -821. A 
product of distillation of calcio butyrate (Chancel, 
A. Ch. [3] 12, 146; Limpricht, A. 90, 111; 
•93, 241). Reduces Ag ; 0. Does not combine 
•with NH,. Combines with NaHSO,. 

Reactions. —1. Air or Ag O forms butyric 
acid.—2. Chlorine forms C.U.CIO (141°) and 
C.H.Cl.O (200°).—3. PCI,forms C 4 H,Cl(e. 100“). 

Isobutyric aldehyde (CII,)jCH.CHO. (84“). 
•S.G. -7972; g -7879 (Perkin, C. J. 45, 476); 

V -7938 (Briihl, A. 203..18)f S. 11 at 20°. 

1-3777. B oj 32-89. ILF.p. 01,310. H.F.v. 

-69,310. M.M. 4-321 at 19-3°. 

Formation. —1. From isobutyl aleonol by 
•chromic mixture (Pfeiffer, B. 5, 699 ; Michael, 
son, A. 133, 182; Pierre a. Puchot, C. R. 
70, 434).—2. By heating iso-butylei.e bromide, 
(CII,)jCIIBr.CBHr, with water (20vols.) at 160° 
(Linnemann a. Zotta, A. 162, 36).—3. By dis¬ 
tilling calcium isobutyrate (Popoff, B. 6, 1255; 
■Barbaglia a. Gucci, B. 13, 1572).—4. By dis¬ 
tilling calcium isobutyrate v(ith calcium formate 
(Linnemann a. Zotta, A. 162, 7).-*-5. By distil¬ 
ling oolophony (Tilden, B. 13, 1604). 

Preparation.—A. mixture of cone, aqueous 
E 2 Cr 2 0, with an equal volume of H 2 SO, is 
•slowly run into a ilaefc containing iso-butyl 
alcohol (100 g.) and water *(200 g.) until the 
layer of alcohol has disappeared. The product 
is distilled. The yield is 65 p.c. of the theo¬ 
retical (W. H. Porkin, jun., O. J. 43, 91; cf. 
Fossek, M. 4,660). * 

Properties.— Pungent liquid. Forms a com¬ 
pound with NaHSOj from whioh it is separated 
J>y potash without change. 

Reactions. —1. By the action of potash (4 g.) 
in alcohol (140 g.) upon the aldehydo (50 g.) the 
following bodies may bo obtained; isobutyrio 
•acid, an acid C, 2 H 22 0 2 (245°-255°) and an aldc- 
fcyde CjjIl^Of.—2. If more potash (8 g.) and a 


higher temperature be need, theneutralproducta 
are : C.jHjjOj, O C^H^O,, C 2< H„0 4 and 
C. w H m O, (W. H. Pgrkin, jun., C. J. 48,101).—8. 
Aqueous potash forms an acid C,H„0, [76°-80 3 ], 
a crystalline body C,H„0 2 [90°], and di-oxy- 
octane (Fossekff M. 3,622).—4. PCI, gives ohloro- 
isobutylene Me,C:CHCl (68°) and di-cbloro-iso- 
butane (104°) Me 2 CH.CHCl 2 (Oeconomides, C. B. 
92, 884).—5. 1I 2 S and aqueous ammonia form 
isobutyraldine C 12 H 2S NS 2 (Pfeiffer, B. 5,700), 

6. CS 2 and cone. NH,Aq give NH 2 .CS.SN(C,H,), 
[91°]. Prisms, insoi. water, v. sol. alcohol.— 

7. Alcohol ai»-l HC1 followed by NaOEt form 
di-ethyl-ortho-isobutyrio aldehyde 
CMO..CH CH(OKt) 2 (135°). S.G. — -996, V.D. 
143-5, and, when some water is also pr^seift, a 
compound C,„Ii.,0 (223°) (Oeconommos, Bl. [2] 
36,210; C. R. 92,880).—8. Gives with ammonia 
acryslallino compound (C,U h ) 7 N u H, 0 (Lipp, A. 
205, 1; 211, 344; B. 13, 900; 14, 1746). 

7C 2 H,CnO + 6NH, = 6H 2 0 + (C : ,II 1 CH),N„H„0. 
When the product, ‘oxy-hcpta-iso-butylidene* 
amine’ [32°J, is heated, it first splits up into 
2NII„ 0,11,0 and 2(0,11,),,^. The latter ia 
hydro-butyramide, an oil, nearly insoluble in 
water, v. sol. alcohol or ether. If quickly heated 
it distils at 154“, but if heated slowly it splits 
up into NH, and C,H,,N. Hydro-butyramide 
or tri-isobutylidenc-diainine is not affected by 
boiling KOII, but dilute IIC1 splits it up into 
butyric aldehydo and NH,. It is, therefore, 
C 4 H,:N.C 4 II,,.N:C 4 II,. Dry IICN added to its 
ethereal solution forms the dihydroohloride of 
(Cy.C,II,.NH) 2 C.,H, a body that is decomposed 
by water into isobutyrio aldehyde and amido- 
valero-nitrile. When hydro-butyramide is slowly 
heated it does not, like liydro-benzamide, change 
into an isomsride, but splits up, giving C,H„N. 
This compound, 1 iso-butenyl-butylidene-amine,’ 
is a liquid (145 t, -147°) at 715 mm., nearly 
insoluble in water, miscible with alcohol or 
ether. It is not affected by aqueous KOH, 
but fluids split it up into isobutyric aldehyde 
and NH,. It would thus appear to be 
(CH,) 2 CH.CH;N.CH:C(CH,) 2 . It combines with 
Br, forming C,H,,NBr 2 , a body that, when kept 
for a long time, and then treated with water, 
gives NH,Br, isobutyrio aldehydo and bromo-iso- 
butyric aldehyde, or rather a polymeride of the 
lattor [129°]. If C,H ls NBr 2 be at onco treated 
with water, the unstable liquid bromo-butyrio 
aldehydo is probably formed (Lipp.). 

Oxim C,H,.CH:N(OH). [139=1. Colourless 
liquid. Sol. water. Formed by the action of an 
aqueouscolution of hydroxylamine on isobutyrio 
aldehyde (Petraczek, B. 15, 2784). 

Description of condensation products, ob¬ 
tained as abovo (W. H. Perkin, jun., C. J. 43,90). 

Aoid C 12 II 22 0j (245°-2o5°). Brownish oil. 
Beduccs ammoniacal Ag 2 0. 

Compound, C 12 II 22 0. (154°-157°). Oil. 
Ethereal odour. Deduces ammoniacal Ag 2 0. 
Combines slowly frith NallSO,. Decomposes on 
proV-mgcd heating. Is probably Urech’s C,H„0 
(B. 12,191). With Na and wet ether, it is re- 
duced to C, 2 H 2 j 0 2 (170°-175°), an alcohol (?) 
which does hot combine with NaHSO,. 

Compound C^H^O, (223°-225°). Oil 
Smells of camphor. Very slowly combines with 
NaHSO,, forming needles. Beduoes ammoniacal 
Ag 2 0. V.D, 167 (Theory 842). With Ae,0 it 
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toms Cja iT AoO, (940°-242°). Oil, which with 
Ao,0 at 200° gives C M H„Ao,0, (248°-252°). 
When saponified by SOH a body 0 M H„0 4 
(o. 220°) is formed. * 

Compound C m H„0,(260°-253°). Oil. V.D. 
(air-1) 12-9 (Theory 13-7). ^ 

Compound C^H^O, (227°-229°) at 100 
mm. Thicboil. Decomposed when heated under 
atmospheric pressure. 

Di-isobutyrio di-aldehyde CJI 1(i O.,. (138°) at 
18 mm. V.D. 5-2 (calc. 5*0). This polymeridc 
of isobutyrio aldehyde is obtained, together with 
octenoio aldehyde (?) C„H u O (15t°) by lieating 
isobvityric aldehydo with cone, aqueous NaOAc at 
(Fossek, M. 2, 622). It is an oil, sol. alco¬ 
hol anci%ther, filming a crystallino compound 
with NaIISb 3 . 

Iso-butyric paraldehyde (C,II B 0) 3 . [60°]. 

(195°). V.D. (H = l) 104'8. From iso-butyr- 
aldehydo by H,S0 4 , HOI, PC1 5 , Cl, Br, or I (Bar- 
baglia, B. 6, 1052; C, 1064; G. 10, 430; l)om- 
tsohenko, B. 6,1176). Needles (from water or by 
sublimation). Diflicidtly attacked by oxidising 
agents (Uroeh, B. 12,1749). Does not combine 
with NaIlSO ; , or reactarilh NH 3 . At 150° it par¬ 
tially changes to ordinary isobutyric aldehyde. 

Iso-butyric poly-aldehyde (C 4 fI H 0) n . S.G. ^ 
*969. Prepared by leaving isobutyric aldehydo 
in contact with dry Na.COg. Thick liquid. Si. 
sol. water. Decomposed on distillation, with 
separation of water and formation of isobutyric 
aldehyde and condensation products (Urech, B. 
12, 191, 1744 ; 13, 483, 590). 

BUTYRIN 7;. Glycerin. 

BUTYR0-CHL0RAL v. Tri-ciiloro-butyric 

ALDEHYDE. 

BUTYR0-C0UMARIC ACID ■?;. Oxy-piienyl- 

PENTENOIO ACID. 1 

BUTYRO-CREATININE v . Methyl-amido- 

BUTYRIC ACID. 

BU.TYRO-FURONIC ACID C n H ri O r i.e. 
CO«H.OIT:CTI.OO.CH...GH,..CH„.CH»C()..TI (?). 
[142°]. Prepared by treating furfurvalci .C acid 
with bromine-water and subsequent action of 
silver oxide. White crystals. Sol. water and 
alcohol, si. sol. ether. By HI and P it is reduced 
to azelaio acid (Toennies, B. 12, 1200). 

BUTYRO-LACTONE v . 7-Oxy-rutyric acid. 

BUTYROLIC ACID v. Tetromc acid. 

BUTYRONE v. Di -PROPYL-KETONE. 

BUTYRONITRILE v. Nitrile of Butyric acid. 

BUTYR0-PINAC0NE C 14 H 30 O 2 i.e. 
CPr 2 (OH).CPr 2 (OII). Di-oxy-tctraAecanr.. [68°]. 
(260 y ). From di-propyl-ketone, water, and Na 
(Kurtz, A. 161, 215). Crystals, snselling «of 
camphor, si. sol. water. * 

BUTYRO-THIENONE v. Thienyl propyl 

KETONE. 

DI-BUTYRYI. C,H,,0 2 i.c. Pr.CO.CO.l'r. 
Di-propyl di-ketone. (245°-260°). From billyrvl 
chloride and sodium-amalRair, or zinc (Froiiml, 
A. 118, 35). Yellow oil. Boiled with ]mtasli it 
forms butyratoof potassium find a liquid CJI u O 
which does not unite with NH, or -NaliHO, 

Mono-oxim C : ,II,.CO.C(NOH).C.,H,: thick 
oil; can bo distilled in small quantity without 
decomposition. A di-oxim lias not been obtained 
(Miinchmeyer, B. 19,1810). , 

BUTYRYL-ACETOPHENONE 
C l H J .CO.CH,.CO.(', ;i lI,. Bemoyl-methyl-propyl- 
lutom. (174° at 24 mm.). S.Q. 1-001 at 16°. 
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Colourless oil. Formed frbm acetophenone and 
butyric ether by EtONa (Beyer a. Olaisen, B. 
20 , 21 *). 

Isobutyryl-acetophentre 

CJI^.CO.CIL.CO.C. It,. Bengoyl-methyl-iso- 
propylf done. (170° at 20 mm.). Colourless, 
liquid. Formed from acetophenone and iso¬ 
butyrio ether by EtONa (Beyer a. Claisen, B. 
20, 2181). , 
BUTYRYI-AMIDO-BENZOIC ACID 
I’rCO.NH.C u H 4 .0O,Il. [209“]. From n-butyrio- 
etlior (20e.o.) and m-an.ido-benzoie acid (10g.)' 
at 180“ in sealed tubes (l’dlizzari, A. 232, 148). 
Sol. water amHrhjohol. 

BTJTYRYL A^tOM IDE v. Bervare acid. 
BUTYRYL CHLORINE v . Bt rvmc acid. 
BUTYRYL CYAN AMIDE v. Cyanamide. 
ji-BUTYRYL CYANIDE C.1I NO i.c. 
PrCO.CN. g33°-J37 y ). From AgCN and PrCOCl 
(E. Moritz, C. J. 39, 16). 

?i-Di-butyryl di-cyanide (PrCO) 3 (CN) a 
(c. 234°). By-product in preparation of above. 

Iso-butyryl cyanido Pr.OO.CN. (117 -120' j. 
From PrCO.Cl (40 g.) and AgCN (50 g.). Bad 
yield (E. Moritz, (J. J. 39, 13). The greater 
part of the product is di-iso-butyryl di-cyanide 
(226°-228 ). S.CI. 96. 

BUTYRYL IODIDE v. Butyric acid. 
BUTYRYL-MALONIC ETHER 


C.,lI 7 .CO.C H(CO,Et) a . (247 y 2 W). Formed by the 
action of butyryl chloride upon sodio-malonic 
etlicr. By nitrous acid it is consorted into iso- 
nitroso-butyryl-aeetic ether (I.jing, Jj. 20, 1326). 

BUTYRYL PEROXIDE r. J.Iutykic acid. 

BUTYRYL-FROPYL-UREA v . Butyryl deri¬ 
vative of Propyl-urea. 

BUTYRYL SULPHOCYANIDE (180'). From 
bulyryl chloride and lead sulphueyanide. Decom¬ 
poses when boiled (Miquol, A. Ck. [5] 11 295). 

BUTYRYL-UREA v . Um v. 

BUXEINp . An alkaloid extracted by dilute 
oxalic acid fvou»thoj>ark of tins box-free Buxns 
snnpnrirnw. Yellowish-white crystalline sub¬ 
stance, sol. alcohol and illur, si. sol. water. 
11 NO ;t ^ives a greenish-yellow colouration turn¬ 
ing brick-red. 1I.BO, gives a blood-red colour. 
Cliromic acid mixture gives an orange pp. 
(Alcssandri, G. 12, 96). It is perhaps identical 
with buxine. Barbaglia finds four alkaloids in 
the leaves and twigs of the box : buxine, para- 
buxine, buxidine, and buxinidino ( Q . 13,249; 
B. 17, 26-r,). 

BUXiNE 0 14 II.NO ;) (?). An alkaloid extracted 
by dilute oxVlic acitl from 1.1 us leaves of the box 
tree. White crystalline substance, sol. alcohol 
and other, si. sol. watei. UNO., gives a purple- 
red colouration. ILS ) 4 r v: s a Brittle-rod colour. 
Chromic acid mixture (gives a canarv-yollow pp. 
{Alessandri, G. V$, 96; Barbaglia, B. 4,707; 
Faur6, J. Vh. 16, 1 ; Couerbe, J. l'h. 1854,51). 

According to Yve.'z (J. I860, 548) buxine is 
identical with boueerine (q. r.). 

Parabuxiue C. J(; JJ(?) An alkaloid oc¬ 
curring in both leaves and bark of tho box. 
tree. It is a reddish-purple amorphous resin, 
sol. water and alcohol, in sol. ether. UNO, 
gives a permanent greenish-yellow colouration. 
1 I_.S0 4 gives a greenish-yellow colour becoming 
dark. Chromic acid mixture gives no pp.— 
B"H ? S0 4 .—B"2HC1.—B"H.,PtCl # (Pavesi a. lio* 
tondi, G. 4, 192 ; Alessandri), 
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CACAO v. Theobromine. 

CACODYL v. p. 318. f 

CACOSTBYCHNINE C. M H,,N 5 O 10 . Afyoduct 
of the action of HNO, qn strychnine (q. r.). 
Golden noodles (from dilute UNO*) or hexagonal 
plalls (Horn cone. HClAq). SI. sol. most 
menstrua, sol. alkalis, forming red solution*.— 
B'jfl.PtCltf (Claus a. Glassner, B. 11, 773). 

* CACOTHELINE C, U H,.,N,0.,. A product of 
Gu-action of UNO* on brucine.(7. l\). Orange 
lamimo (containing aq). \({eak base; sol. 
alkalis, v. si. §ol. hot rater, iiisol, alcohol and 
ether.—B'BaO 7aq. - B'. lLPtCl,; (Si rocker, A. 
91, 70; C. B. 39, 52 ; Bosongartcu, A. 05, 111; 
Claus a. Itohre, B. 14, 705). 

CADAVEBIC ALKALOIDS V. UtuMAINES. 

CADET'S FUMIN& LIQUID r. p. 318. 

CADMIUM. Cd. At. w. 111-7. Mol. w. 
111-7; gaseous molecule is monatomic. [320 ] 
(Person, A. Ch. [3J 27, 250; Budberg, B. 71, 
400; v. liioinsdyk, G. N. 20, 32). (703 -772°) 

/Carnellcy a. Williams, C. J. 33, 284). S.G. 
(molten) 8*05, (hammered) 8-8 (Stromever, S. 
22, 3G2; Schroder, P. 100, 220; 107*, 113; 
Matthiessen, I J . 110, 21, Ac.). V.D. 55*8 
(Doville a. Troost, C. B. 52,920). S.H. (0° 100 J ) 
•0518 (Bunsen, P. 141, 1), -0507 (Begnault, 
A. Ch. [3] 20, 208). C.E. (linear, 0°-100°) 
•003323; (cubical for 1°) -000004 (Kopp, A. si, 
32; Matthiessen, P, 130, 50; Fizeau, C. B. 
08, 1125). T.C. (Ag = 100) 20*00 (Lorenz, W. 
13,422). E.C. (Hg at O’^'l) at 0", 13-40; at 
100°, 9-5 (Lorenz, W. 13, 422 a. 582). Heat of 
fusion 13,000 (Person, P. 70, 120). K.V.S. abt. 
12-8. Emission-spectrum characterised by lines 
3009*6, 3405-4, 2717*7, 2572-2, 2313-0, 2283-9 
(Hartley, T. 1884. 03). •» 

Cd was discovered by Strqmeyer in 1817 in 
a specimen of zinc carbonate (*8\ 21, 297; 22, 
302; v. also Hermann, Cf. A. 59, 95). The 
name cadmium was derived from cad mu. fossil is 
by which namo zinc ore was then known. 

Occurrence .—With 'An in various native sul¬ 
phides, carbonates, and silicates, especially in 
the Silesian zinc ores [v. Damour, J\ pr. 13, 
354; Stadler, J. pr. 91, 359; Blum, J. 1858. 
734 ; Bunsen, A. 133, 108). CdS occurs nearly 
pure as Orecnockite at Bishoplon in Benfrow- 
shire. 

Formation. —In tho disti’datioieof crude zinc 
oxido with charcoal; tho greater part of tho Cd 
distils over before the An. 

Preparation. — ZnO containing CdO, or 
metallic Zn containing Cd, is dissolved in dilute 
H.,S0 4 Aq or HClAq; the warm solution is satura¬ 
ted with H 3 S; the CdS thoroughly washed and 
dissolved in cone. HClAq; most of tho free HG1 
is removed by warming, tho solution is diluted 
and filtered, and an exo<i ;s of (NH 4 ) 2 C0 3 is added; 
the pp. of CdCOj is well washed, dried, and 
strongly heated; tho CdO thus produced is 
mixed with ^ of its weight of puro powdered 
charcoal and heated in a retort of liard-glass or 
porcelain whon pure Cd distils over (Stromeycr, 
8. 22, 302). 

Properties .—White with slight blue tinge; 
very lustrous; soft, but harder than zinc; very 


malleable, ductile, and flexible; more tenacious 
than tin ; crystallises easily in monometrio 
forms, chiefly tho octahedron (v. Kiimmerer, B. 
7, 1724; also G. Bose, P. 85, 293).^ Vapour is 
yellow. Cd does not decompose water even at 
100°; but if Cd vapour and steam are passed 
through a hot tube tho steam is decomposed 
(Begnault, A. Ch. 02, 351). Cd oxidises slowly 
on the surface by exposure to air; when heated 
iu air it burns to CdO. Tho atomic weight of 
Cd has been determined (1) by finding the V.D. 
of, and by analysing, CdBr„ (Meyer, B.J 3,1292 ; 
Duma.'' A. Ch. |3J 55,158; iluntingKaJp. Am. A, 
17, 28); analyses of CdCLO., (Lonssen, J. pr. 
79, 281); reduction, of CdS0 4 to CdS (v. Hauer, 
C. C. 1857. 897); analyses of CdO (Stromever, 
S. 22, 300); (2) by determining the S.H. of Cd 
(Bunsen, P. 141, 1; Begnault, A. Ch. [3] 20, 
208); (3) by comparing, as regards crystalline 
form and general reaetioi/s, salts of Cd with salts 
of Zn, Be, Mg, and Hg. In tho gaseous mole¬ 
cule CdBi\ (this is tho only compound of Cd 
whoso V.l3. has been determined) the atom of 
Cd is divalent. The gaseous molecule of Cd is 
monatomic. Cd is a distinctly metallic clement; 
it acts on JICIAq, H.S(),Aq, Ac.,evolving H and 
forming salts of the form CdX„ whero X., - CL, 
Br 2 , S() 4 , CO a , Ac.; many of these salts combine 
with the similar salts of the more positive 
metals (K, Ca, Mg, Ac.) to form double salts; 
but few basic salts of Cd are known, tho most 
marked are derived from such weak acids as 
H .CrO,, JI a BOa, Ac. No compound of Cd 
exhibits any acidic functions. CdO.H. acts to¬ 
wards acids as a salt-forming hydroxide ; its 
heat of neutralisation by H,SO,Aq is about the 
same as that of the corresponding lmlroxide of 
Mn, Ni, Co, Fc, or Zn, [CdO Il-Aq, T!-SO'Aq] = 
23,8 " 1 (v. 27*. 1, 339 a. 430). CdCUL is de¬ 
hydrated by heat; the oxido CdO is not converted 
to CdOJtLby direct addition of HG. Cadmium 
is closely related to Zn, it is less positive thuu 
that metal; it is also related to Mg on one hand 
and to Hg on the other (i>. Magnesium group ok 

ELEMENTS). 

Bead ions .—1. Heated in air , or O, CdO is 
produced. - - 2. Heated nearly to redness iu 
bromine, Gdlji\, is formed.—3. Aqueous solu¬ 
tions of hydrochloric, sulphuric, or nitric, acids 
are decomposed by Cd with formation of chloride, 
sulphate or nitrate of the metal. — 4. Heated 
wPh SO.Aq to 200 3 CdS is formed (Geittuer, 
A. 129, 354); possibly sulphite and thiosulphate 
are first formed (i>. Schweitzer, C. N. 23, 293; 
Fordos a. Gelis, A. 50, 200). 

Combinations.— Most compounds of Cd are 
formed from the oxido or other salt. Cd com¬ 
bines directly with the elements O, Cl, Br, I, P, 
S, Se, Te, and wiCi many metals (v. Cadmium, 
oxide op, Ac., and Cadmium, allots op). 

detection and Estimation. —Formation of 
tho yollow sulphide, CdS, insoluble in dilute 
HClAq and also in solution of ammonium sul¬ 
phide, characterises Cd salts. Cd is usually 
estimated by ppn. as CdC0 3 (by K 2 C0 3 Aq), the 
pp. is strongly heated, and the CdO is weighed. 
Separation from other metals may be effected 
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by repeated ppn. by H s S, and solution of.CdS 
In oonc. HClAq. Cd may be ppd. as oxalate j 
on this fact is foundod a volumetrio method of 
estimation. * 

Cadmium, Alloys of. Usually prepared 
by mol ting the luetals together. Several are cha¬ 
racterised by low melting-points. An amalgam 
with^ Hg js formed at ordinary temperatures : 
by dissolving Cd in warm Hg, and pressing, a 
crystalline amalgam, having the composition 
Hg.Cd,, and S.G. 12-02, is formed; by com¬ 
pletely saturating Hg with Cd, octahedral 
crystals of Hg a Cd, melting at 7tV, are produced 
(Gaugain, C. R. 42, 430 ; Begnauld, C. R. 01, 
779; Crookewitt, J. pr. 102, 05 a. 129; Kopp, 
A? 46 r t>l8G). •Easily fusible alloys with Bi 
agreeing ilfccomposition witli the fonnuhe BiOd„ 
BiCdo, and BiCd, aro known (Matthiesscn, P. 
110, 21). Various alloys of Cd with (1) Bi and 
Pb, (2) Bi, Pb and Sn, (3) Bi aud Su, are also 
known ([1] Wood, D. P. J. 101, 108; v. Hauer, 
J. pr. 94, 436 : [2] Lipowitz, D. P. J. 158, f»: 
[3] Wood, Z.c.). Alloys witli Pb(Wood, C. A. 6 , 
135); Na (Sonnenscliein, J. pr. 07, .HID); Tl, and 
with Tl and Bi (Carsh\njen, J. pr. 102, 05 a. 1211); 
and Sn (itudberg, J. 1817, 71), have been de¬ 
scribed. An arsenide, AsC<L, is said to bo 
obtained as a faintly red-coloured alloy, S.G. 
0*20, by reducing tlie.arsenate by KCN (1 Vscumps, : 
C. li. 80, 1022 a. 1005). 

Cadmium, Arsenates of. Cd 3 (AsO,),,.311,0, 
and Cd.,H 2 (AsO,) 2 .4JLO; v . arsenates, under: 
AllSENIC, acids of. 

Cadmium, Arsenide of. Cd.,As v. Cadmium, 
Alloys of. 

Cadmium, Bromide of. CdBr.. M»l. w. 271 *2. 
[570°J (Oarnelley, C. J. 33, 27s). (800--812 ) 
(Carnelley a. Williams, C. J. 3/, 120). SAL ‘“j 
4-794 (Clarke, Am. 5. No. 4). H.F. [Cd,Br 2 J i 
75,200; [Cd,Br‘,Aq| = 75,0-10 (Thomsen). 

Preparation. —By heating Cd to redness in 
Br vapour; or by dissolving CdC0 3 in HJJrAq 
and subliming. 

Properties and Reactions. —White, crystal¬ 
line, non-hygroseopic, solid; soluble in water, 
ether, and alcohol; decomposed by IlXO,Aq 
(Bodeker a. Giosoeke, J. .1800. 17 ; Crolt, l\ M. 
[3] 21, 355 ; Berthemot, A. Ch. 44, 387; JLtin- 
raolsberg, A. 41, 207). 

Combinations.— Dissolved in HA), and 
evaporated, yields long white q needles of 
CdBr.,.4H,0; these aro dehydrated at 200° 
[Cdl3r 2 ,4H*0] - 7,730 (Thomsen). CdBr.Aq 
and KBrAq mixed and evaporated yield 
2CdBr„.2KBr.H._.0, and on further evaporation 
CdBr 2 .4Klir. The double salts • 

2CdBr 2 .2NaBr.5ILO, and CdBr,..BaBr ..lH.O, 
have also been obtained (v. Hauer, J. pr. 04, 
477; 09, 121. Croft, J. pr. 08, 399). CdBr. 
absorbs N1I 3 to form CdBr,.4N H.,; all NU 3 is 
removed by heat. # Cone. *0*1 Br.Aq saturated 
with NH ;{ , and evaporated, gives crystals of 
CdBr„.2NH 8 (Croft, P. M. fl] 21, 355; 11am- 
melsberg, A. 44, 267). « 

Cadmium, Chloride of. CdCL. Mol. w. un¬ 
known; probably as represented by formula 
CdCl*. [541°] (Carnelley, C. J. 33, 279). (80l°- 
954°) (parnelley a. Williams, C. J. 35, 564). 
S.G.~j? 3-655 (Clarke, Am. 5, No. 4). S. (20°) 
140; (100°) 150 (Kremers, P.103,57; 104,133; 


105, 360). H.F. [Cd,CP]- 93,240; [Cd,Cl 2 ,A.O 
»96,250 (Thomsen). 

Preparation.— By dissolving Cd in HClAq 
and heating to low redness tho crystals of 
CdCL.<214.0 which sepai^tte on evaporation. 

Ppfpcrties and Reactions. —Pearly, lustrous 
plates*; white powder after exposure to air for 
sometime. S. (20P-100 0 ) nbt. 140 (Kremers, P. 
103, 57 ; 101, 133). Insoluble in coy*. pyjlAq. 

Combinations. — 1 . With water to form 
oTilorescent prisms of Cd0L2H,0; [CdCi",21I J Oj 
--2,250 (Thomsen); b.vt obtained by dissolving 
Cd, CdO, or CdC0 3 in HClAq, evaporating, and 
crystallising.''■- 2 . With hydrochloric acid and 
water to form^ JdCl.,.21ICl.7H.O : obtained by 
passing I1C1 into CdCLAq; oasil / decomposed in 
air with evolution of 1IC1; [CdCi : ,2HCI,7ll J 0] - 
40,200 (Bertholot, C. R. 91, 1021). -3. With 
ammonia, to form CdCL.ONll., and CdOL. 2 NlL. 
CdCIo.CNlla is obtained by passing Nil., over 
CilCl.jjOr by passing 1IC1 into CdCLAq containing 
excess of Nil., until the NIT., is partly neutral¬ 
ised. Loses 4NJI., by exposure to air, leaving 
CdCI 2 .2Nri 3 ; this compound is also produced by 
exposing to air a solution of CdCL in excess of 
warm X11 3 Aq (Croft, P. Af. [3j 21, 55; Schiller, 
A. 87, 34; v. Hauer, J. pr. 01, 477; v. also 
Andre, C. R. 104, 908 ).—1. With various metallic 
chlorides to form double salts. These salts have 
been prepared chiefly by Croft (Z*. M. [3J 21, 55), 
and v. Hauer (J. pr. 03, 432 ; 01, 477 ; 00, 170; 
09, 121); their crystalline forms, and the thermal 
conductivities of some of them, have been de- 
termineil by Grailich [J. 1858. 182), and v. Lang 
(P. 135, 29). These double, compounds are ob¬ 
tained by evaporating mixed solutions of the 
two chlorides; the chief are :— 

2Cd01.,.2NTI t 01.! 1,0; CdCL.BaOL.HLO; 

Cil('l.„4N 11 ,Cl; * 21MCI JiaCLwJLO; 

2CdCl.,.2 LOI:;i a O; 2CdCL.SrCL.711.0; 

C-dCl... UkCl • * 2CdCL.CaCL.7H'.0; 

CdCl r 2 N aCi.3H a J; CdCL. 2CaCL..12rT. ( 0; 

CdCI ..2MgCL.l211,^0 ; 

CdCL.MCL.121-LO 
when M —- Co, IV, Mg, Ain, or Ni; 

CdCL.CuCL.41LO. 

5. With the hydrochlorides of many organic 
bases to form double salts; e.q. with toluidina 
4(C-H,,N.lICI).3CdCL.i.H..O (Williams, C. C. 
1850. 47 ; Galletly, C. C. 1850. 000). 

Cadmium, Cyanide of. Cd(CN)... Prepared 
by e vafor? lit-g 4vCN.\q with CdCLAq ( v . 
Cyanides). 

Cadmium, Fluoride of. CdF„. Mol. w. un¬ 
known ; probably as represented by formula. 
[630°] (Carnelley, 0. , l. 8 &, 280). 8.0.2? 5-994 
(Clarke, Am. 5, X/i. 4). Hard, white, crystalline 
mass; by evaporating solution of CdO in 
IIFAq; not easily soluble in water; much 
moro soluble in HFAq (Berzelius, P. 1, 2G). 
By dissolving CdO a*l oxide of Sn, Zr, or 
*Mo in HFAq, and eva])orating, the double com¬ 
pounds CdF,,.SnF,..0H X), 2CdF.,.ZrF 4 .0H.,O, and 
CdF.,.2ZrF r GH.,0, were obtained by Marignao 
(Ann. M. [5] 15, 221; A. Ch. [3] 60, 257); and 
the double compound CdF^MoO.^F^OHaO by 
Dclafontaine (J. 1807. 23G). * 

Cadmium, Hydrated oxide of, CdO.H s O V. 
ncxi article. 
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Cadmium, Hydroxide of, CdO a H,. A white, 
amorphous Bolid, obtained by adding KOHAq 
to a dilute aqueous solution of a Cd salt, hash¬ 
ing with warm water, And drying at 100°-200° 
(Sohaffner, A. 51, 168*.’ According to ^Tickles 
(J. Ph. [3] 12, 406) CdO,IL, is obtained ir crys¬ 
tals by keeping Cd in contact with’'Fe in 
NH,Aq. De Schulten (C. 11 102, 72) describes 
the fev-mat-jon of hexagonal crystals of CdOJi,, 
S.G. ijB °4 , 79, by dissolving 10 grains Cdl 2 in 150 
c.c. H 2 0 mixed with 360 grains KOI! contaili- 
ing 13 p.c. H.,0, heating till all is dissolved, and 
cooling. Thomsen gives the thermal value 
[Cd,0,11*0] = 65,680; and the following values 
for the heat of neutralisation \f. solid CdO.JF 


(n. 3, 285); . 

• 

Q 

[M.QAq] 

H 2 SO, 

21,200 

H.,.N,0, 

20,020 

HjS.,0, 

20,300 

H,C1 2 

20,200 

H.’Br 2 

21,000 

HJ, 

21,210 


The quantity of heat produced with the three 
haloid acids increases as the atomic weight of 
the halogen increases; in this respect CdO.,H 2 
is analogous to the corresponding compounds of 
Hg and Pb, and differs from those of l»a, Ca, Sr, 
and Mg. CdOlJ, loses ILO at 300° (II. Rose, 
P. 20,152); CdO is not. hydrated by contact with 
H 2 0; according to the thermal values given by 
Thomsen (Th. 3,285; and P. 113,354 a. 407) the | 
reaction CdO + J FO - CdO.JL would require the ! 
expenditure of about. 10,000 units of heat. .j 

Cadmium, Iodide of. OIL. Mol. w. un- j 
known, but probably as represented by the : 
formula. [401°J (Carnelley, O. J. 33, 278). 
(708°- 719°, with decomposition) (Carnelley a. 
Williams, C. J. 87,120). S.O. 5-011, ami 
4*626 (u. Preparation a. Properties). H.F. 
[Cd,F]« 48,830; fCdJ-,Aql-4^870 (Thomsen). 
Vj = V 0 (1 -f *00000748/), 1 'i/ot greater than 40° 
(Fizeau, C. 11. 64, 314). »S. (20 ) 92*6; (60") 
107-6; (100°) 133*3 (Kremcrs, P. 103, 0i ; 104, 
133; 111,00). 

Preparation ami Properties. 1. By heating 
together Cd and I, in the ratio Cd:L, in absence 
of air.—2. By digesting together Cd and I under 
water (Stromcyer, S. 22, 362).—3. By evapora¬ 
ting a solution of 20 parts KI and 15 parts CdSO, 
to dryness, dissolving in alcohol, and crystalli¬ 
sing (Vogel, N. 11. P. 12, 393).—4. By dissolving ' 
CdCO s in lllAq, decolourising b^ addition of 
clippings .of Cd, and crystallising (Clarke, Am. 
6 , No. 4).— 5. By dissolving Cd in JllAq, evapo¬ 
rating, and crystal lb big (Clarke, Lc.). Accord¬ 
ing to Clarke (lc.) Cdl, q\isls in two forms ; the 
normal salt is white, is unchanged by beating 
to 250°, and has S.G. 5*644 ; tho other salt is 
brownish, loses weight even at 4(P, and has 
S.G. 4*626. The conditions under which the 
less stable salt is foitnod have not yet been 
exactly determined ; Clarke obtained it twiert. , 
by the action of IHAq on Cd and on CdCO ;i . 
The S.G. of tho less stable salt increases by 
heating to 50° for some time. If tho formula- 
weight Cdl., is divided by the S.G., tho results 
arc, for the stabler salt *61*8, and for tho less 
stable salt 79-2; now S.V.S. of Cd + S.V.S. of 
L 4 ~64*3 (Clarke, lc.). 


Combinations. —1. With ammonia to form 
CdI,. 6 NH # ^and CdI r 2NH 3 ; obtained as the 
corresponding CdCl* compounds (q. v .): both are 
decomposed by H 2 0 with ppn. of CdO a H 2 (Ram- 
melsberg, P. 48 t 153).-—2. With some metallic 
iodides to forn$ double salts; Croft (J.pr. 68 , 
399) described CdI 2 .2KI.2H 2 0 (aqueous solution 
of this salt pps. most of the organic bases 
from plants; Marm 6 , N. B. P. *16, 306); 

CdI 2 .2NH 4 I.2II 2 0; CdI 2 .2NaI.6H 2 0; 
CdI 2 .BaI 2 .5II 2 0; and CdI 2 .SrI 2 .8H,0. Clarke 
(Am. 5, No. 4) obtained CdI 2 .3IigI 2 as gold- 
coloured platef. 

Cadmium, Oxide of. CdO. Mol. w. unknown. 

S.G (amorphous) 6*95, (crystalline) 8*11 (Stro- 
meyer, S. 22, 362; Wertlier,„ J. pr. 5fj, 108; 
Schuler. A. 87, 34; Sidot, C. B. 6 ^iol; Fol- 
lenius, Fr. 13, 279). Il.F. [0d,O] = 75,500 (cal¬ 
culated from data given by Thomsen, Th. 3, 
285; P. 143, 351 a. 497). 

Preparation .—As a dark-brown, amorphous, 
infusible, powder, by burning Cd in air or O; 
or by strongly heating Cd0 2 II 2 , or CdC0 3 . As 
black-brown very small 1 octahedra (or other 
forms of the monometric system), by strongly 
heating Cd.2X0 3 , or CdS0 4 (Wcrther, l.c. ; Schu¬ 
ler, lc .; IJoraputh, 13. J. 3, 109). 

Properties dV.—Reduced to Cd by heating 
with C. At red beat Cl forms 0dCl 2 . 
Readily combines with C0 2 forming CdCO„. 
Dissolves in aqueous acid with production of 
Cd sail 8 . Thomsen (P. 143, 354 a. 497) gives 
the thermal values, [CdO.ll-SO'Aq] = 14,240 
for crystalline CdO, and 14,510 for amorphous 
CdO. 

Marcliand (P. 38, 145) supposed that a 
lower oxide than CdO was formed when CdC 2 0 4 
was heated; Jrnt Vogel’s experiments (J. 1855. 
390) seem to prove that the substance was a 
mixture, in varying proportions, of CdO and 
Cd. 

By the action of H 2 0 2 Aq (about 3 p.c. H 2 0 2 ) 
on n?ist CdOJF, Haas"(B. 17, 2249) obtained 
an oxide of Cd containing more O than CdO. 
Analyses gave results agreeing fairly with the 
formula Cd.,0 & , in one case with Cd,0 7 . These 
results were confirmed by F»ailey ( 6 *. J. 49, 484) 
who obtained Cd.,0 & by the action of H 2 0 2 Aq on 
CdSO,Aq followed by addition of NH ;t Aq. The 
pp. obtained by these methods may have been 
a mixture, or possibly a loose compound, of 
CdO and C<40 2 ( v . Haas, lc. 2255). 

Cadmium, Phosphides of. Cd and P are said 
to combine when heated together to form a 
gpy, slightly metal-like, mass, which burns in 
ai(to phosphates, and dissolves in HClAq with 
evolution of PH, (Stromcyer, S. 22, 302). 
According to B. Renault (C. li. 76, 283) when 
P vapour is passed over hot Cd, two phosphides 
are formed, Cd 3 P„ and Cd.P. Oppenheim (B. 6 , 
979) describes Cd a P 2 as a grey, metal-like, crys¬ 
talline substance, produced by heating CdO 
with KOHAq andjp, and heating in H. 

Cadmium, Salts of. Compounds obtained by 
replacing the H of acids by Cd. The Cd salts 
form one series CdX.., when X 2 -~C1.,, (NO,) 2 , 
(C10 ;i ),, SO,, C0 3 , IIP0 3 , &c. The VJ). of one 
salf, Cdl>r 2 , lias been determined; from this 
result, and from the similarities between the 
salts of Cd and Zn, it is probable that the 
gaseous molecules of the haloid Gd salts are 
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oorreotly represented by the formula CdX* where Name given because element characterised by 
X«F, 01, Br, or I. The greater number of the two skylblue (ceesius) lines in the spectrum. 

Balts of Od are soluble in wtrter; the aqueous Occurrence. -Never fne. Salts very widely 
solutions- redden blue litmus pju)er; they are distribute!, but in very snfall quantities, along 
poisonous. The haloid salts aw not decom- with lib r *chinlly as chlorido and oxide ; in many 
posed by heat; salts of volatilisablc acids give mineral#'and mineral waters, in seawater and 
CdO when strongly heated. Many Cd salts are sea weed, in residue* from saltpetre refining, 
isomorphous* with corresponding salts of Zn ; in ash of tobacco, tea, coffee, and oak \jK>od*<fco. 
Borne, especially more complex double salts, are (v. especially Laspoyres, A. 131, 319; i38, 826 : 
isomorphous with corresponding salts of Mg, alstf Smith, Am. S. [2J 49,335; Erdmann, J. pr» 
Ni, Co, and Zn. A great many double salts 1 86, 377; Grandeau, C. R. 63, 1100; Lonstadt, 
containing CdX 2 (X = Cl,lir,I) are inown; but C. N. 22,25 a. 44). The rare mineral Pollux^ 
few basic salts of Cd have boon prepared. The from Elba, according to analyses by Pisam, 
principal Cd salts are borate; bromate; car - contains 84 p.c. f )3 oxide combined with silica, 
bonahs ,v chloral, 'perchlorate; chromate; and is free from 1th (vl. 138, 31). 
cyanatcs , <&%; iodate, periodate; molybdate; Preparation.—]. The mother liquor, obtained 
nitrates, nitrites; phosphates , phosphite; sclc - by repeatedly evaporating the water ol the mine- 
nates, selenite; sulphates, sulphite, &c.; tuny- ral spring at Nanheim, and separating from the 
state ; vanadate: v. Borates, Carbonates, Ac. crystals wliicn form, contains nearly \ p.c.CsCl. 

Cadmium,Selonide of. CdSe. Golden yellow, Fe, Al, and the alkalino earth metals, are 
motal-liko, crystalline, mass; by heating Od in removed in the usual way ; the liquid is evapo- 
Se vapour; S.G. 8 79 (Stromoycr, S. 22, 362). rated, and heated to volatilise ammonium salts 
The samo body is said # to be formed as a dark- added in the preceding processes ; the residue is 
brown pp. by passing ILSo into solution of a dissolved in water and the Cs ami lib are ppd. 
Cd salt (Vigicr, lit. 1801. 5; Itonault, C. 11. 76, as double chlorides of Cs, or lib, and Pt, by 
283). addition of PtCl,Aq. The pp. is boiled in 

Cadmium. Silicofluoride of. CdSiF b . Long, ; a very litlle water, and allowed to settle, the 
columnar, deliquescent crystals, obtained by water is poured off while still hot; this process 
action of ILSiF„Aq on CdO (Berzelius, P. is repeated about 20 times, when the pp. will 

I , 26). ' be quite free from K.PIC 1 ,, and will consist of 

Cadmium, Sulphide of. CdS. Occurs native CsPtCl^ mixed with lil) z PlCl, r The pp. is now 
in hexagonal prisms (u:c = lr81257) as Green- ; reduced in If, CsCl and lihCl are dissolved out 
ockite. Obtained as an amorphous yellow solid, j in boiling 11,0 (Bbttger, J. pr. 91, 12G). The 
by repeatedly heating to dull,redness CdSO, in mixed chlorides nre converted into sulphates, 
HjS (v. Hauer, J. pr. 72, 338)*; by passing 11,S these are dissolved m ILO, BaOAq is added, 
into a slightly acid solution of a Cd salt; by 13aS0 4 is removed by filtration, and the filtrate 
heating Cd with SO.Aq (Geit” yd. 87, 84; is ovaporated to dryness in a silver dish after 
Fordos a. Gel is, A. 6(1,200; Schweitzer, O. N. addition of (Nil,).,CO,; the residue is dried, 
23, 293). Obtained also in crystalline form by ] dissolved in water, BaCO, removed by filtration, 
fusing the amorphous CdS with K..C0 9 and S ; and twico as much H.„C 4 ll 4 O a is added as ii 
(Schuler, A. 87, J4); by healing CMUl, in US; required to mciu rali.so the solution of Os 2 CO, nod 
or by melting together C<lSO ( , CaF 2 , nml "aS ltb 2 C0,; the liquid is evaporated at 100° and 
(Troost a. Peville, C. It. 52, 920). CdS is also crystal;; cd; tlio pp. consists of Call.CJI.O, 
produced in crystals, hut in small quantity, by mixed v, lb libit.0,11,0,. As the latter salt 
passing S vapour over strongly heated CdO, or requires 8 times as much ILO as the former for 
Cd (Follenius, Fr. 13, 411; Sidot, G. It. 02, solution, the two salts may be completely 
1)99). Crystalline CIS is non-volatile at any separated by fractional precipitation; this pro- 
temperaturo; it dissolves easily in boiling cone, cess is continued until (ho crystals of Cs 
HClAq, or dilute H,SO,Aq (Follenius, l.c. ; tartrate do not show a trace of ltb in the 
Hofmann, A. 115, 980); S.G. 4-5, when melted spectroscope (Bunsen, P. 119. 1 ; Allen, P. M. 
4-6. Schifif (A. J15, 74) described AdH, as a (4) 25, 180). By heating Ihc turlrato, and 
yellow powder obtained by the action of K.S.Aq dissolvin'; tW; residue„in ILSO.Aq, and crystal-, 
on a neutral Cd salt in solution ; according to lining, Cs ; SO, n: iy be prepared; this is dissolved 
Follenius (Pr. 13. 411) this yellow solid is a, in ILO, decomposed by BaOAq,and the solutionis 
mixture of CdS and S. / filtered and evaporated to il y ness in n silver dish, 

Cadmium, Sulphocyanide of. Cd(CNH),. Ob- when CsOH is obtained. 'X’iis CsOTI is dissolved 
tained by action of HCSSAq on CdCG,; v. in absolute alcohol, and d«y HON.is passod into 
sowhoctanidKS, under Cyaniuks. this solution : CsC*- ,s thus obtained as a white 

Cadmium, Telluride of. CdTe. Black crys- solid (Setterbcrg, A. 211,100). A mixture of 4 
tols, S.G. 6-20, by heating Cd ^vith To, and parts CsCN and 1 pc t Ba(CN ) 2 is heated just to 
subliming the product* in II (Margottot, G. it. \ melting in a porcelain crucible, and an electric 
85,1142). • M. M. B. M. current from 2 or 3 Bunseif cells is passed into 

' CADMIUM ETHIDE CdEt... Obtained in the’molten mass, in the manner described by 
impure condition from EtI and Cd. Takes firo Bunsen (P. 155,633). The contents of the 
in air (Wanklyn, 0. J . 9, 193 ; Sonneuschoin, ; crucible are thou wanned under petroleum when 

J. pr. 67 169). | the metallic Cs molts into globules (Setterberg, 

02ESIUM.' Cs. At. w. 132-7. [26°-27°j j A. 211, 100). — 2. The mixed chlorides of Cs and 

(Setterberg, A.211,100). S.G. JA° 1-88 (Setter- ; Kb, obtained as in 1 , are converted into sul- 
berg, l.c.). S.V.S. 70'7. Discovered by Bunsen ! pliates, and then into alums by adding 
and ’ Kirohoff as chloride in the water of a Al,3SO,Aq and evaporating, ltb alum is 4 
mineral spring at Diirkheim (P. 113, 342). times more soluble than Cs alum; Cs alum 
Yon. I n TT 
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may be obtained quite free from lib by a few ofV.D. of CsOl, and analyses of the same salt; 
crystallisations. The Os alum is dissolved in by Bunsen (P. 113, 853; 119, 4), by Johnson 
hot H a O, and ppd. by NH a Aq, the liquid *s filtered a. Allen (Am. &. 35, 94), and by Godeffroy 
from Al a O a , evapora^d to dryness in 6 Pt dish (A. 181, 185); (2) by comparing the reactions 
and strongly hoated to remove (NH 4 ).B0 4 ; the of Cs compovSids with compounds of Li, K, Na, 
residue is dissolved in II 2 0, and Bf*Cl a Aq is and Rb. One gaseous compound of Cs has beon 
added so long as a pp. of JiaS0 4 forms ; the pp. obtained ; the S.H. of the metal has not been 
is filtered off, NH s Aq and (NH 4 ) a CO a Aq are determined. Cs is positive to all oilier elements 
adcfed td the filtrate, the liquid is kept warm (v. Alkali metals). 

for some time, and is then filtered from, any Combinations. —No compounds of Cs have as 

BaCO a which has formed; tho filtrate is ova- yet been prepared directly from the metal. When 
porated to dryness, and heated to fusion; : cone. CsCl Aq is electrolysed with Pt as the + , 
solution in H a O, treatment with NlI 3 Aq and j and llg as 'the — electrode, an amalgam of Cs 
(NH 4 ) 2 C0 3 , evaporation, and fusion are repeated; j and Hg is formed, and solidifies to a white 
finally CsCl is obtained by drisolving the fused j crystalline mass; the Cs in tills amahjaii, very 
mass in ll a O, and crystallising (Godeffroy, quickly oxidises to CsOH. ' 

A. 181, 17C; Redtcnbacher, J. pr. 95, 1-18). Detection and fist i mat ion.-^loat of the 
This is converted into Cs a S0 4 and then into salts of Cs aro easily soluble in water. Cs salts 
CsOH which is treated as described in 1.— may be detected by the comparative insolubility 
3. Lepidolito (a silicate of Al), from Hebron, in in 11,0 of Cs a PtCl 0 (v. Preparation , No. 1), and 
Maine, U.S.A., contains about *4 p.c. Cs oxido I by tho spectroscope. There is no satisfactory 
and -2 p.c. Rb oxide. The powdered mineral is j method for separating and estimating Cs salts; 
well mixed with 2 parts freshly slaked CaO, i the pp. byPtCl, contains Rb,PtCl H and a little 
and very strongly heated for soino time; the ! TCPtCl,.; by repeating tlio ppn. tho pp. may bo 
mass is powdered, half its weight of cone. \ obtained almost free .Torn K,PtCl„; the pp. is 
H.BO,Aq is added, followed by water; the j then reduced in II, tho CsCl and RbCl dis- 
whole is boiled, filtered, and evaporated to solved out, the liquid evaporated and the residue 
dryness; tho residue is dissolved in water, I weighed; the Cl is then estimated and the 


filtered from CaS0 4 and evaporated until tho 
alums of K, Cs, and Rb crystallise out. About 
4 kilos, of the crude mixed alums was prepared 
by Setterberg (A. 211, 100), and dissolved in hot 
water, so that the solution had S.G. = 20 ;J 
Beaum6; this was cooled slowly to 45°, when 
the Cs and Rb alums w-re deposited, as they 
are insoluble in cold cone, potash alum solu¬ 
tion. The alums were dissolved in a little hot 
water and again cooled, and then solution and 
crystallisation was continued until the crystals 
were free from potash. Cs a'.uni is 4 times loss 
soluble in II 2 0 than Rb alum, and is insoluble 
in a saturated solution P th*e latter; tho mixed 
alums were dissolved in a littlo hot water, and 
allowed to cool, when Cs alum sepa ated with 
a little Rb alum; this process was repeated 
until pure Cs alum was obtained. The alum 
was dissolved in hot water, enough BaOAq 
added to ppt. A1,0 ; , and all the H a SO„ the 
solution was filtered oil and evaporated to 
dryness : the CsOH thus obtained was dissolved 
in absolute alcohol, and CsCN was pre pared; 
the CsCN was then electrolysed as described 
in 1. (For other processes for* preparing pure 
salts of Cs v . Godeffroy, D. 7,‘*241; Cossa, fi. 
11, 812 ; Stolba, D. P. J. 197, 33G; 198, 225; 
Sharpies, Am. Ch. 3, 453. For an account of 
attempts to prejiaro the metal by various 
methods similar to th&so used for preparing Rb, 
V. Smith, Am. Ch. 6, 10f3.)“ 

Properties .—Silver white, soft, ductile, metal; 
oxidises rapidly with production of heat and 
light in air; decomposes H 2 0 at ordinary 
temperature with inflammation of H produced. 
Melts 2G°-27"; S.G. at 15° 1-88 (Setterbcig, A. 
211, 100). Spectrum characterised by two lines 
in the blue, Cs„ - 4500, Cs# = 4597; *00005 mgm. 
Cs may be detected by the spectroscopo; -003 
CsCl may be detected in presence of 300-400 
parts of KOI or NaCl; 001 CsCl in presence of 
1600 LiGl (Bunsen, l.c.). The atomic woight of 
Os has been determined (1) by determination 


quantity of CsCl is calculated. 

Caesium chloride CsCl. Mol. w. 168*07 
(Scott, Pr. fi. 1888). For preparation v. C.ksiuii, 
Preparation , No. 2. Small, white, cubes ; not 
deliquescent when pure; partially decomposed 
' by melting in air, residue is alkaline. Melts at 
j low red heat, and volatilises at a higher tempera¬ 
ture. Easily soluble in fLO and alcohol. CsCl 
| forms several double compounds, insoluble in 
] cone. IIClAq, with other metallic chlorides; they 
, aro obtained by adding CsCl in cone. HClAq to a 
solution of the other chloride also in cono. 
IIClAq. The following are known: 2CsCl.CdCl 2 , 
2Q-i.Cl.HgCL, 2CsCl.ZuCL, 2CsCI.CuCl 2 , 
: 2C.sGl.MnCl”, 2CsC!.NiCL, 2CsCI.PdCl 2# 
OCsCl.Fe^Cl,, GCsCl.BiCl”, (j.CsCl.SbCl 3 , 

: CsCl.AuClg, 2CsCl.PtCl 4 (Stolba, D. P. J. 198, 
225; Godeffroy, fi. 7, 375; 8, 9); 2CsCl.PtC! 4 , 
S. (0°) 021, (100°) *377. When molten CsCl is 
electrolysed in an atmosphere free from O, a 
small blue mass is obtained which is dissolved 
i by 11,0 with evolution of II; probably this is 
! duo to fc mation of a subchloride. 

I Caesium oyanirle CsCN. Prepared by tho 
j action of dry IICN on CsOH dissolved in 
j. absolute alcohol; v. Cyanides. 

|*> Caesium hydroxide CsOH. Mol. w. unknown. 
| Prepared (as described under C/f.sium, Pre- 
I paration. No. 1) by decomposing Cs 2 S0 4 Aq by 
BaOAq, filtering off BaSO„ and evaporating to 
dryness in a silver dish. Grey-whito solid, melt¬ 
ing below redpess; undccomposcd by heat; deli¬ 
quesces in air, with production of much heat, to 
form strongly a'kaline CsOIIAq. 

Ctesium oxide. An oxido of Cs has not yet 
been prepared. 

C<x>sium, Salts of. Compounds obtained by 
replacing II of acids by Cs. CsOIIAq acts as a 
' very strong base. The salts belong to one 

series CsX where X = C1, NO a , &o.; 

4 a 

the formulas are established from tho vapour 
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density ot CsCl, (Scott, Pr. E. 1888), and 
also by comparing the salts with those of the 
other alkali metals. The saljs of Cs are very 
similar to those of Eb; they are well marked, 
stable, compounds; no basic sal|s are known; 
so far as investigation has gone the Cs salts 
show a marked tendency to form doublo salts. 
Most of the* salts of Cs are soluble in water; 
the solutions are ppd. by PtCl,Aq (yellow), by 
H 2 .C 4 H 4 O 0 Aq (white), by IIC10,Aq (white), and 
by silicotungstic acid (white). The chief salts 
are carbonates , nitrate^ selenatcs , silicotungstatc , 
sulphates, tartrate (v. Cahbonatiss.Vtc.). 

M. M. P. M. 

C.AFFEIC ACID C a II s 0 4 i.c. 

[4:3:11 . A ^(OIl!f,.CH:CII.C0 2 H. Di-oxy-cin- 

namic acid. rDi-oxy-phenyl-aery lie acid. 

Formation.— 1. By boiling caffetannic acid 
with aqueous KOH (Hlasiwetz, .4. 142, 221).— 
2. Prom its acetyl derivative.—3. Powdered 
cuproa bark is extracted with ether followed by 
alcohol; the rosiduo is boiled with aqueous 
KOH, H 2 SO, is addet^ and the liquid iillcred 
while hot. The filtrate, when cold, is exhausted 
with ether, and the ethereal solution, after de¬ 
colourising witli animal charcoal, is set aside to 
crystalliso (O. Kornev, Ph. [3J 13, 2 hi).—!. Prom 
hemlock (in which it is combined with con- j 
hydrine?) (Hofmann, B. 17,1222). 

Properties. —Yellow monoclinic tables (con¬ 
taining jaq), v. e. sol. alcohol. The aqueous 
solution is turnod green by Fo.XJl,;, on adding 
Na a C0 3 it then changes to blue and violet. It 
does not reduce Fehling’s solution but reduces 
warm ammoniacal AgNO s .° Its solution in 
KOIIAq turns brown in air. 

Reactions. —1. Dry dislilla'Imi gives pyro- 
catechin.—2. Potash fusion unim protocate- 
chuio acid.—3. Sodium amalgam reduces it to 
di-oxy-phenyl-propionio acid. 

Salt s.—OA' 2 3aq. ftrA'., laq.- BaA' 2 laq. 
Ba,(C 9 H 6 OJ 2 9a L .-l%(C.Jl !t O), 2aq. 

Mono-methyl derivative v. Fisuoijic 
acid. 

Di-methyl derivative 
a o H 3 (OMo) 2 .CH:CII.C0 2 H. [180 ]. Formed by 
saponifying the ether or by heating caffeic or 
forulic acid with Mel and KOH. NVhito needles. 
Sol. alcohol and ether, nearly insol. water. On 
oxidation with KMnO, it produces veratric acid. 
Methyl other A'Me. [64°J. Prisms. Pre¬ 
pared by methylation of isoferulic acid (Tie- 
mann a. Will, B. 11, 051; 14, 959). 

Methylene ether 

OH,<®>C,H a .Cn:Cn. c ° a n. [232°]. 

by boiling piperonal CH,,O a :CJI,.ClIO with 
NaOAc and Ac 2 0 (Lorenz, B. 13, 757). Minute 
crystals (from diluto alcohol). Cone. i£.T»0 4 
forms a brick-red solution.—AgA'. 

Acetyl-methyl jierivatwo v. Acistyl- 

FEBULIO ACID. 

Di-acetyl derivative • 
C^ 3 (0Ac) 2 CH:CH.CO 2 H. [191°]. FromcatV'o 
acid and Ao 2 0 or by heating protoeatechuic alde¬ 
hyde (2 pts.) with NaOAo (2 pts.) and Ao a O 
(6 pts.). Slender needles. V. si. sol. water, v. 
•ol. alcohol and ether (Tiemann a. Nagai, ©. 
11, 659). 

Hydro-oaffeic acid y. Di-oxy-phknyl-pro- 

pxoxia ACID. 


CAFFElDINE C 7 H, 2 N 4 0. Formed, together 
with meihylamme, CO a , and NH S , by boiling caf¬ 
feine wim cone, baryta-water (Strecker, A. 123, 
300; 151 , 1 ; C. R. 52, 1209; Schmidt, B. 14, 
810; Sc^ultzon, Z. 1867, 6x6). Alkaline liquid. 
Sol. wat, r, alcohol, and chloroform, si. sol. ether. 
Long bdiiing with baryta-water gives methyl- 
amido-acetic acid, formic acid, CO.„ and Nil,. 
Chromic acid oxidises it to dimethyl ^fcanaido, 
methylamine, CO.„ and Nil,, (Maly a. Andreasch, 
M. 4, 381V EtI forms C 7 II„HtN 4 0. 

Salt s.—B'lICl.— IV.. 11., PtCl„ laq. 

CAFFElDINE CARBOXYLIC ACID 
C„H I2 N,0 2 . Pre pared by tho gradual solution of 
caffeino in dibit NaOIIAq; this solution is 
neutralised with HO Ac arm I he e<q t er salt ppd. 
with Cu(OAc ) 2 (Maly a. Andreasch, M. 4, 309). 
Very soluble crystalline mass; its aqueous solu¬ 
tion on boiling gives off OO.uind leaves caffeidine. 

Salts. - KA': golden syrup. IIgA' 2 2IJgCl a : 
bulky pp.—CuA' 2 : minute crystallinegranules.— 
Ca A'.,.—Z u A'.,.—Cd A'.,. —Mg A'... 

CAFFEINE C,H l0 N 4 O... fj/cinc. [230-5M. 
S.O. ^ 1*23. S. 1-35 at 10°; 150 at 05° (Com- 
maiJle, G. R. 81, 817). S. (alenhol) 01 at 10 1 ; 
312 at 78\ S. (ether) •() 11 at 10 S. (OS.) -00 
at 10°. S. (chloroform) 13 at 1.0 ’. 

Occurrence. —1. In coffee berries and leavei 
(Lunge, Matcrialicn zur Phytolugie , 1820; Stem 
house, P.M. [4J 7,21 ; PfafT a. Liebig, .4. I, 17). 
ColTco berries contain from 1 to 128 p.c.caffeine; 
roasted coffee about 1*3 p.c. (Paul a. Cownlcy, 
Ph. [3] 17, 505; cf. Stcnhouso a. Campbell, G. •/. 
9, 33; A. 89, 210).—2. In tea leaves (Oudry, 
Mag. Pluirm. .19 19; Jobst, A. 25, 03 ; Mulder, 
I\ 43, 100). Tea contains 2 to 1 p.c.—3. In 
guarana, the dried pulp of 1'aulinia sorbilis 
(Martius, A. 30, 93). (.xuarana contains about 
5 p.o. of caffeine. - 4. In Mate or Paraguay tea 
the leaves and twigs of Ilex Paraguay ensis (Stem 
house, P. 3f. ‘3] 23, 120). 5. In the seeds of 
the Kola fieo (Co! i acuminata) of West Central 
Africa, to the amount of 213 p.c. of the dried 
seed (a* t,Held, Ph. [2J 0, 457). - 0. Present to a 
small ex cut in cocoa (E. Schmidt, .1. 217, 300). 

Formation. 13y heating silver theobromino 
with Mel for 20 hours at 100 J : caffeine is thus 
shown to be methyl-theobromine (Strecker, A . 
118, 151 ; E. Schmidt, A. 217, 282). 

Preparation. — 1. Tea or coffee is exhausted 
with boiling water; tannin is ppd. by lead sub- 
acetate ; + hc filtrate is freed from lead by H 2 3 
and evi pointed to crystallisation (Peligot, A . Gh. 
[3] 11, 129). • 2. ltaw ground coffer (5 pts.) is 
mixed with moist lime (2 pis.) and extracted 
with aleohc-i, chloroform, or benzene, from which 
the caffeino crystalli. es oe evaporation (Vers- 
mann, Ar. Ph. (2] 08 148; Vogel, G . C. 
1858,307; Pay A. Ch. [3] 26, 108; Paul a. 
Cownlcy, Ph. [31 17, 505). -3. Tea or coffee ia 
boiled with water »nd zither the whole, or else 
the filtrate, is evaporated to a syrup, mixed with 
sjaked limo and extracted with chloroform 
(Ahbert, Pjliiger's Archiv, 5, 589; Cazcncuvo a. 
Caiilol, Bl. [2] 27, 199).—4. By sublimation 
from tea (Ileiynsius, I. pr. 49, 317).—5. A da* 
coction of tea is evaporated with PbO to a syrup, 
K.CO., is added, and caffeine extracted by alcohol 
(Grosschoif, J. 1800, 470). 

Properties. —Mass of slender silky needles 
(containing aq); begins to sublime at 79° 

u u 2 
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M . SI. sol. cola wator and alcohol, v. si. 

ar. The crystals from aloohol aid ether 
are anhydrous. Weak base; the salft being 
decomposed by wa^sr; does not afhot red 
litmus. Tastes bitter. Produces tetafus and 
rigor in the voluntary muscles of frogs j|4ubert ; 
Brunton a. Cash, Pr. 42, g38). In men it in¬ 
creases the heart’s action, excites the nervous 
gystfa, Ynd diminishes metabolism (?) (Leh¬ 
mann, A. 87, 205). Caffeine givos a yellow pp. 
with phosphomolybdic acid. 

Estimation.-- The various methods of pre¬ 
paration may also bo used for estimation 
(Stenhouse, A. 102, 120; Lievcnthal, G. G. 
1872, 631 ; Wcyrick. J'r. 12, l|il; l’uligot, Rep. 
Pharm. 82, V40; Claus, J. 1863, 708, ZoUer, J. 
1871, 818; Muliler, J. pr. 15, 280; Conunaille, 
lil. [2] 25, 201; Paul a. Cownloy, Ph. [3] 
17,505). t’ 

Colour Test.— Evaporate with chlorino- wator 
on platinum-foil. A yellowish rcsiduo is left, 
which on further heating becomes red, and is 
turned purple by ammonia (Sohwarzcnbach, J. 
1801,871; 1805,730). Xanthine, theobromine 
and uric acid also givo this test. Caffeine 
evaporated with cono. HNO, gives a yellow 
residue famalic acid) which is also turned purple 
(murexide) by ammonia (Rochloder, A. 00,120). 

Reactions. —1. Caseous chlorine or HCI and i 
KC10 a give in the first place di-mothyl-alloxan | 
and methyl-urea (E. Fischer, A. 215, 257): 

C 8 H,„N 4 0, + O, + 211,0 = C s H„N,0, + CJI N.O. 
Part of the di-methyl-alloxan becomes amalic 
acid. Chloro-ealMne,inetliylamine, and cyano¬ 
gen chloride aro also formed, and, if the reaction 
is prolonged, di-mothyl-parabunic acid (cholcs- 
tropliane). Bromine and water at 100° act 
similarly (Maly a. Hinterberger, M. 3, 85).—2. 
Cold HNO, attacks it slowly, giving off CO, 
(1 vol.) and N,0 (about 2 volt.) (Franchimont, 
R. T. G. 6, 223).—3. Hot dilute UNO, gives di- \ 
methyl-parabanio aoid (C'enlfouse, A. 45, 366; 
46, 227; Rochleder, A. 09, 120 ; 71, 1).-U. 
Chromic acid gives di motliyl-parabuijie acid, 
NH„ methylamino, and CO, (Maly a. Hinter¬ 
berger, M. 2, 87).—4. Boiling baryta water splits 
up caffeine into oaffoidiiie and CO,; the calTei- 
dine then breaks up into CO-, NH„ methvlamine, 
formio aoid, and methyl-amido-acetie aeid 
(saroosine) (ltosengarten a. Streckor, A. 157, 1). 
5. With cone. HC1 at 250° it forms ammonia, 
methylaminc, saroosine, formic aeid and CO, 
(B. Schmidt, A. 217, 270). ’The vmlulhe of NH, 
is to that of NMeH, as 1:2 llelow 200", HCI 
has no action. Hence thc.-e are three NMe 
groups in caffeine, C s H J0 N.,O.. + 6I1..0 = 
2CO, + 2KMeH, + NIf, -i CH,0,+ C ;1 H,NO,. ‘ 
Salts.—(E. Sohmidf, A. 217, 282; Herzog, 
A. 20, 344; 29, 171; llioder'.nann, Ar. Ph. [3J | 
21, 175; Tilden, O. J. 18, 99; 19, 145.) 
B'HOl.—B'HCl 2aq : monoolinio; deoomposod 
by moist air into HCI and caffeine.—B'2H01.— 
B'4HC1.—B',H,i tCl, (at 100°).-B'HAuCl, 2aq8 
glittering plates.—B'HBr 2aq.—B'HI.—B'2HI. 
—B'HI, Haq (Tilden). — B'HCICII: [175°]; 
yellow needles converted by NH, into a greenish- 
olaok pp. (Tilden, Z. 1866, 350; Ostermayer, B. 
v 18, 2298).—B'HNO, aq.—B'H,S0 4 .—B'H.SO, aq. 
Formate B'H,CO,.—Acetate B'2HOAo.— 
Butyrate B'C 4 H,0,.—I sovalerate B'C s H,„0,. 
—Citrate; prepared by adding a solution of 


oitrio aoid (1 pt.) in aloohol (74 pts.) to one of 
oaflelne (1 pt.) is chloroform (144 pts.) and evapo¬ 
rating. Semi-crystalline powder, deoomposed 
by most solvents (Lloyd, Ph. [8] II, 760). 
Aooording to iftnret (J. Ph. [6] 6, 691) the last 
five salts are merely mixtures. — Caffeate 
B'C.H.0, 2aq (Hlasiwetz, A. 142, 226). 

Combinations. —B'HgCl, (Niohdlson, A. 62 , 
78; Hinterberger, A. 82, 31C).-B'HgCy, (Kohl 
a. Swoboda, A. 83,341).—B'AgNO,. 

Methylo - chloride B'MeCl aq. At 
200° it splits up into MeCl and caffeine.— 
(B'MeCl),PtC*. Sparingly soluble. 

Methylo-iodidc B'Melaq (Tilden, J. pr. 
94, 374 ; E. Schmidt, A. 217,,286; K,Sol»mitt 
a. E. Schilling, A. 228,141). FromSSifoine and 
Mel at 130°. At 100° it losos aq, at 190° it 
splits up into caffeine and Mel. Triolinie: 
a:b‘.e = -6962;1;'4161; a~91°24'; 8 = 74°; y=88°. 
—B'Mel,. 

Mr. t h y l o-h y d r o x i d e B’MeOHaq [91°], and 
B'MeOH [138"]. From the methyloiodide and 
Ag,0 (Schmitt a. Schilling, A. 228, 143). 
Crystals. V. sol. wator, alcohol, and chloroform, 
v. si. sol. ether or light petroleum. Its solutions 
are neutral. It is not poisonous. Heated at 
200 ° in the dry state it gives off methylamino 
while caffeine is also formed. HCI or dilute 
H,SO, convert only part of it into the corre¬ 
sponding salt, the rest gives methylamine, 
formic aoid and dimethyldialurio aeid, the 
latter being converted by atmosphorio oxygen 
into amalie acid. Wlion HCI is used, caffeine 
methylochloiide is one of tho products. With 
water at 200° it gi?es saroosine, methylamine, 
formio acid, and CO,. Chromic aoid forms cho- 
lestrophane, methylamine, formio aoid and CO,. 

Etliylohriiodidc B'Etl,. From caffeine 
and EtI at 130° (Tilden, C. J. 18, 99; 19,145).— 
B',Et,pta # . 

Chloro-caffelae C h H s C1N 4 0,. [188°]. Formed 
by posing chlorine into dry caffeine in dry CHC1,. 
Crystallised from water. V. si. sol. cold water 
and ether, v. sol. strong acids but ppd. by water. 
Reduced to caffeine by sine-dust and HOI 
(Fischer, A. 215, 262; 221, 336). 

Bromo-caffeine v. p. 561. 

Amido-caffeine C,H,(NH,)N,0,. [above 360°]. 
From bromo-caffeine (2 pts.) and alooholio NH, 
(20 pts.) by heating for 7 hours at 130° (Fischer, 
A. 215, 260). Slender needles; may bo distillod. 
V. si. sol. water and alcohol; sol. oono. HOAo; 
sol. cone. HClAq, but reppd. by water, being 
apparently less bosio than oaffoine. 

1 Oxy-caffeine C,H„(OH)N 4 O r [o. 345°]. From 
ethoxy-caffeine by heating with dilute HOI 
(Fisclior, A. 216, 268). Mass of white needles 
(from Water). V. si. sol. alcohol, ether, or cold 
water. Sol. cone. HCI but reppd. by water. 
Oxy-caffeine is an aoid.—NaA' 3aq. Needles.— 
BaA', 3aq. Reactions. —l„,The silver salt with 
EtI at 100’ giveg ethoxy-caffeine.—2. PCI, in 
FOCI, gives ohloro-caffeine.—8. 01 at a high 
temperature gives di-methyl-alloxan.—-4. 01 gas 
at 0" in a solution of oxy-caffeine in HOI gives 
apo- and hypo-oaffeine.—5. Dry bromine forms 
an addition compound 0,H s (OH)N,O.^Br,(?) as a 
reef mass, deoomposed by water or aloohol, th* 
latter giving diethoxy-oxy-caffeine dihydride. 

Ethoxy. caffeine 0„H,(OEt)N<O r [140*]. 
From bromo-o&ffeine and alcoholio KOH (FIs- 
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oher, A. 216,286). White needles (from water). 
Bl. sol. oold alcohol or ether, y. e. sol. hotalco- 

2 i' boi } in 8 watevpartly dissolving. 

Sol. dilute HC1 and reppd. by KOH. 

Dl-methoxy-oxy oaffeine dihydride 
C s H,N 4 O s (OMe) 2 OH. [179°]. Prepared by the 
action of methyl alcohol on oxy-caffcine bromide. 
Colourless ^crystals. Sol. water and alcohol. 
By HC1 it. is decomposed into methyl alcohol, 
methylamine and apo-caffeine (Fischer, B. 14, 

Di-ethoxy-oxy-caffeine dihydride 

C.H # (0Et) 2 (0II)N,0 2 Di-ethyl derivative of tri- 
oxy-caffeine dihydride. [195“-205']. From oxy- 
caffeme Br, an^, alcohol, as above. Warmed 
with HCl w^gives alcohol, methylamine, apo- 
caffeine, and nypo-caffeme. Fuming HI or HI 
gas passed into chloroform solution reduces it 
to oxy-caffei'ne. With phosphorus oxychloride 
it forms a crystalline substance that appears to 
be 0,H»N,O„(OH)(OEt)Cl. This body is recon¬ 
verted by alcohol into diethoxy-oxy-caffeine di¬ 
hydride, but it is deoempoied by water, one of 
the products being di-methyl-alloxan, although 
this is not formed from diothoxy-oxy-caffeiuo 
dihydride by water or aoids (Fischer a. Eeesc, A. 
221, 887). 

AUo-caffeine C,fi,N,0,. [198°]. A by-pro- 
duct obtained in tho preparation of the preced¬ 
ing body from oxy-caffcine, bromine ami alco¬ 
hol, especially when the latter is wet (92 p.c.). 
Sandy powder. V. si. sol. water, si. sol. boiling 
alcohol. Decomposed by boiling HC1 (Fischer, 
A. 216, 270). ' 

Apo-caffeine C JI,N 3 O a . {148°}. 

Formation. —-1. From di-ethoxy-oxy-caffeine 
dihydride (6 g.) by evaporating ' ith (20 g.) di¬ 
lute (20 p.c.) HC1 at 100" (Fischer, A. 215, 277); 
the equation is: C,H„(0H)N 4 0 2 (0Et).. I 2 II ..0 
- 0,H,N,O. + MeNH, I- 2TIOEt. 2 . From oxy- 
caffeino and aqueous Cl at —10". - 3 . From 
caffeine, HCl and KCIO, (Maly a. Andreas,;*> M. 
3,100). 

Properties. — Monoclinic crystals (from 
water). a‘.b:c = *8025:1: *0976. V. sol. hot water, 
aloohol or chloroform, si. sol. cold water, benz¬ 
ene or CS-. Boiling water decomposes it into 
COj, hypo-caffeine and caffurio acid (q. «.). 

Hypo-caffeine C 6 H,N 3 0 ;1 . [182-']. 

Formation. — 1. Formed along with apo- 
caffeine by warming tho di-ethyl derivative ol 
tri-oxy-caffe'ino dihydrido with hydrochloric 
acid, thus: O„H 0 (OII)N,O..,(OHt)„ + 2110 - 
C,H,N,0 : , + 2HOEt + NII.,Mo + C0 2 . — 2 . From 
oxy-caffcine, IIC1 and Cl (Fischer, A. 2lS, 288/ 

Properties. — Crystallised from water. V. 
sol. hot water or alcohol, si. sol. cold water. 
May be distilled with but slight decomposition. 
Ba(C,H s NA).C a H,NA : v. sol. water. 

Reactions. —Not affected by boiling fuming 
HNO„ chlorine, or hrpmino-watfcr, lCCr.,0, and 
dilute H.SO,, HMnO,, cone. nCl, fuming Ilf, 
Sn and HCl, Ac 2 0 or FOCI, an* PC1 S . Water at 
160° completely destroys it. Boiled with baryta 
it gives caffolin {q. v.). 

Caffoiin C s H t N,0 2 . [194°-19^]. Formed by 
boiling hypo-caffeine with lead sub - acotido 
(Fischer, A. 216, 292). Slender needles (from 
alcohol) or long prisms (from warm water). 
V. «. sol. warm water. SI. sol. alcohol. Does 
not combine with acids. It is but a feeble 


acid, tat its barium compound is deoompossd by 
CO,. Soiled with Ag,0, it forms a crystalline 
silver olmpound. 

Reattions.—l. Cono. HtJl at 100° splits it up 
into CC|, NH„ NMeH, da.— 2 . Cono. HI forms 
methyl,firoa.— 3 . K s FeCy„ gives methyl-oxamio 
acid and methyl-u-ea: C,H„N,0, + O + H.,0 =. 
MoNII.CO.COjIl + MeNH.CO Nil,. — 4 , kMiiO, 
and KOH give di-methyl-oxamido and%mmonia 
according to the reaction: 0.11X0,+ O + H.,0 
= MeNH.CO.CO.NHMc + CO, + Nil,.—5. Potas¬ 
sium bichromate and lI 2 SO,give cholestrophane: 
CJI.NA + 0 -- C. 11. No, .N 11 ;l ! -— (j. Nitrotts 
acid com;'duly , destroys it.-7. Boiled with 
Ac,0 it forms tl.j acetyl derivative of acecatlin 
C a H„,AcN,() 2 . 

Acocaffin C u H„N 2 0... [110 J -U2°]. From its 
acetyl derivative by evaporating with fuming 
HCl at 101^ and decomposing tho resulting 
hydrochloride by Ag,0 (Fischer, A. 215, 300). 
Trimotric crystals (from benzene). a:b:c =< 
'6707:1:1*2446. May be distilled undecomposed. 
V. e. sol. water and alcohol. 

Acetyl derivative 

CJI„,AeN ; ,0... [100°—107°]. From caffolin by 
boiling with Ac.,0 as long as CO, comes off 
(12 hours). Monoelinio tables (from chloroform 
mixed with ether). 

Caffurio acid O.HiXO,. [210°-220°J. From 
apo-caffeine by boiling water (Fischer, A. 215, 
280). C,II 7 N 3 O s + H.O - C d ll„N a O,-t- CO,. Trans- 
parent tables (from alcohol). V. sol. water, si. 
sol. cold alcohol, chloroform or ether. Feeble 
acid, its barium silt being decomposed by CO,. 

Salt. Ag.V. T„blcs, si. sol. water. 

Reactinnsferl. Not alluded by chlorine - or 
hroinine-lcntcr. —2. Til coitvt i ts it into hydro- 
caffuric acid. —3. Warmed with lr.,nl sub-acetate 
itgives mer,oxalic acid, liietliyl-niva and incthyl- 
amino.—4. H r, Roll gives olf Nil.Ale. 

Hydro-canurio acid CJI„N.,0.,." [210"-248°], 
From calfiuic acid, .timing lit and PH,1 
(Fisei . r, A. 215, 285). Colourless prisms (from 
water). V. sol. hot water, si. sol. cold water. 

Reactions.— 1 . Gives no pp. when boiled with 
lead snb-acelatc (unlike caffurio acid).- 2. Gives 
with ammoniacal AgNO., a minor in the cold. — 
4. Chlorine-water oxidises it to caffurio acid.— 
3. Hot KOH gives off methylamine.— 6 . Warmed 
with baryta it forms incthylamine and methyl, 
hydantoin carboxylic acid, lira latter splitting up 
into CO. and methyl-hydaiitidn. 

Metnyl-caf.uicacidC,lI l ,N 3 0 1 . [167°]. Frdbi 
allocaffoino by boiling with water (Schmidt a. 
Hchilling, A. 228, 172). Needles (from water). 
V. sol. water, alcohol and chloroform. Basic 
lead acetate converts it into mesoxalio acid, 
methylamine and dimetnyl urea. 

Amalie acid v. •>. liy. 

Constitution of Caffeine.—Medians (A. 175, 
MeN CO 

^5fl) proposed tho formula CO C—NMe 

I II >CH 
MeN—O—N 

while Emil Fischer (A. 215, 314) proposed 
Me.N—CH 

I II 

COC.NCH, . Both formula) readily re* 

I I >CO 
Ma.N—C-N 
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present the formation by oxidation of dilmethyl- 
alloxan and methyl urea. According to lischer’s 
formula the derivatives of caffeine woJd be re¬ 
presented as follows^ Oxy-caffeine woisd be 
-NMe—C(0H)=0-NMe f> 

CO- 1 '» f!l 


CO! 


v I >CO. Ethtfxy-oxy- 

\NMe-C=N, 

e 
( 

\NMe- A 


caffeine dihydride would bo 

^Nlfe—C(OU)(OEt) -C(OEl).NMe 


-N 


>CO. Apo- 


gaffoine would bo 

0—-C(CO.,H)--NMe 
CO< \ i- >CO. 

r^mio — o —n 

Caffuvio acid would be 

IIO.C(COJI) -NMe 

\ ‘ >C h 

HNMe-C—- N 

Hydvo-caffurio acid might bo written! 
HC(COJI)— NMa 
\ ‘ >CO. 

HMoN—C- N 

Methyl-hydantoin carboxylic acid would bo 
IIC(CO a H) . NMo 
I >00; 

CO-NH 

n.C.NMo 

whence methyl-hydantoin | >C ). 

CO.NH 

Hypo-caffeine may bo 
.0—CXI — NMe 

CO<f \ >C0, se that apo-caffoine 

'NMe—C -~N 

would be its carboxylic acid. Caffolin may then bo 
HO.OH.NMe 

| >C0; but the formation of cliolcstro- 

HNMeC = N 

.CO —NMo 

pliane CC\ | •'from' it is in that case 

'NMo—CO 

somewhat anomalous. r 

Streckor’e caffeidine (from caffeine b/alkalis) 
MeHN.ClI - - C — N Me 

would be | >00 , which by 

MulINC \ 

boiling alkalis gives 00 a , NIL,, 2NMeII a , formic 
acid and sarcosine. 

MoN- C1X 

I I _ 

, Theobromine will bo ■ CO l' .tXMo , 

I I >00 

" HN~C=N 

HN—on 

I II 

not CO 0—NMe 1 as is shown by the 


I 

MeN 


J- 


>co 


N 


formation of hypo-ethyl-thcobrominc. 

Somewhat similar formula; are arrived at if 
we start from the formula of Medicus. Inasmuch 
asoaffemmethylo-hydroxide differs from caffeine 
in giving no NH, but only N.Mcli ; in its decom¬ 
positions, we must assume that it lias the formula 
MeN-CO 

V ijo i) —NMe-X 

I I >CH 

MeN—0-NMe(OH)^ 


or 


MeN-CH 

I 11 

CO C—NMe— 

fieN-O- 


~\co 

-NMe(OH)/ 

Its decomposition-produot, di-methyl-dialurie 
acid, should, according to Maly a. Hinterberger 
(if. 3, 85), be represented by Hie formula 
MeN-CO 


Ao 


CH(OH), which agrees better with the for- 


MeN-CO * 

mula of Medicus. On theotherlinnd, the frequent 
occurrence of methyl-urea as lpoll as sdi-»cthyl 
urer. among thedecomposition-procJp.LbS of caffeine 
and its derivatives accords best with Fischer’s 
formula (Schmidt a. Schilling, A. 228,174). 

CAFFEOL C 8 H 10 O. r (190°). Given off (to 
the extent of -05 p.c.) on roasting coffee together 
with caffeine (-18 p.c.), palmitic acid, acetic 
acid, C0 2 , and traces pyrrol, methylamine, and 
iiydroquinone. It is extracted by ether from 
the liquid distillate (Bcrnlieimer, M. 1, 459). 
Liquid, smelling like coffee, si. sol. hot water, 
v. c. sol. alcohol and ether; v. si. sol. cone. 
KOHAq. Fc 2 C1 b colours its alcoholic solution 
red. Potash-fusion gives salicylic acid. It Is 
perhaps a methyl derivative of o-oxy-benzyl 
alcohol. 


CAFFETANNIC ACID 0 l!t U iH 0 8 . Occurs in 
coffee berries to tho amount of 3 to 5 p.c. as Ca 
and Mg salt, and perhaps also as a doublo salt 
of K and caffeine (Pfaff, (1830) Schcr. 01, 487 ; 
ltoehlcder, A. 59, ‘300; 03, 193; 00, 35; 82, 
190; Liebicli, A. 71, 57; Payen, A. Ch. [3J 
20,108). Prepared by mixing an alcoholic in¬ 
fusion of ounce with water; filtering from ppd. 
fattv matter; boiling tho filtrate, and ppg. as 
lead salt by Po(OAc)... Colourless mammellated 
crystalline groups, v. sol. water, m. sol. alcohol; 
ha%/f.n astringent taste; strongly reddens lit¬ 
mus. Fc 2 C1 u colours its solutions green. It 
does not ppt. ferrous salts, tartar-einetic, or 
gelatin, but it ppts. quinine and cinchonine. 
It reduces AgN0.,Aq, forming a mirror. Its 
salts turn green in air. Potash-fusion gives 
protocatcchuic acid. Boiling cone. KOHAq 
splits it up into eaffeic acid and a sugar (Hlasi- 
wetz, A. 142, 220). 

Salts?—BnA'„ (at 100°): amorphous, v. 
sol. water; addition of baryta forms a yellow 
pp- - l’b0 ls H 1 .O r -Pb a (C 11 H ll 0,) r -yb a 0 1 .H 1 .O. 
(at 100’). 

V Virfdic acid. An acid formed by the at¬ 
mospheric oxidation of an ammoniacal solution 
oi caffetannic acid. According to liochleder the 
green colour of coffee berries is due to calcium 
viridate. It is ppd. by Tb(OAc) 2 . Amorphous 
brown mass, v. sol. water. Cono. H,SO, forms 
a crimson solution whence water gives a fioccu- 
lent blue pp. Tlje aqueous solutions are turned 
green by alkalis, and give a bluish-green pp. 
with baryta-water Icf. Ylaanderen a. Mulder, /. 
1858, 201). 

CAFFOLIN v. Caffeine. 
r CAFFUHIC ACID v. Caffeine. 

CAlL-CEDBIN, A bitter, neutral, resinous 
eubstanee present to a minute extent in the 
bark of the OaKl-cedra (Caventou, /. Ph. [8] 
16, 865 ; 83,123). 
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CAlNCIN C w H 84 0„. CaKncic add. S. *14. 
Found in Oainoa roGt (from Chiococca anguifuga 
and racmosa) (Franpois, Pelletier, a. Caventou, 
J. Ph. 16, 465; Liebig, A. Ch. [2] 47, 185; 
lioohleder a. Hlasiwetz, A. 76, 33$; Kochleder, 
J. pr. 85, 275). The root is exhausted with 
alcohol and the caincin ppd. either by milk of 
lime or Pb(QAc) 2 . Crystalline flakes, tastoless 
at first, afterwards very bittor; v. si. sol. water 
and. ether, v. sol. alcohol; reddens litmus. 
Boiling alcoholic HC1 splits it up into a sugar 
(C u H,.,O b ) and crystalline oai'ncetin C 22 H 3 
Caincetin is resolved by potasfe-fusion into 
butyric acid and ca'incigenin C n II M 0.. which 
is possibly related to oiscigenin. Caincin in 
dilute alcbMlic Elution is converted by sodium- 
amalgam into crystalline C 1(i lI 5H 0 15 whence 
fuming HC1 forms gelatinous C 1H IL H 0 2 . 

CAJEPUT, OIL OF. A light green oil pro- 
pared in India by distilling tho leaves of 1Mela¬ 
leuca leucodcndron with water. Its chief con¬ 
stituent is cineol Ci 0 H ih O (q. v.) t which is also 
called cajeputol. B,0 5 converts it into ter- 
penes (q. v.) which when so obtained may bo 
called oajeputenes (‘Schmidt, C. J. 14, 63; 
Wright a. Lambert, C. J. 27, 619; Ilisted, Ph. 
[3] 2, 804; Blanclict, A. 7, 161; Gladstone, 
C. J . 49, 621). 

CALAMUS ROOT. According to Geutlier 
A. 240, 92) tho acorin prepared by Thoms 
p. 60) from Acorns calamus is not a definite 
substance, but is separated by alkalis into a 
neutral amorphous brown mass (C, u H (i7 NO ; ?) 
and an acid (C,,II lH 0 3 ?). Calamus root after 
extraction with water still ooutains a combined 
acid (C„H )(J 0 4 ?) which may be extracted by 
adding HOI and shaking with el her. When the 
root is distilled with steam, m tliyl alcohol 
and a mixture of terpenes {q. v.) and a compound 
C, 0 H lfl O(?) is obtained (G.; Scloedcrmann, A. 
41, 374; Kurbetow, B. 6,1210; Gladstone, G . J . 
17,1). 

CALCIUM. Ca. At. w. 39*91. Mol.w.unknown. 
Melts at red heat. S.G. 1*57 (Matthiesson, A. 
93, 27). S.H. (0 5 -100°) *1686 (Bunsen, P. Ml, 
1). S.V.S. abt. 25. E.O. (Ilg at 0°«1) 12-5 
(Matthiessen, P. M. [4] 12,199; 13, 81). Chief 
lines in emission-spectrum, 6121*2, 5587*6, 
4226*3, 3968, 3932*8. 

Occurrence. —Never free. Very widely dis¬ 
tributed, and often in largo quantities, as 
silicate, phosphate, sulphate, carbonate, flu¬ 
oride, Ac. Most natural waters contain Ca 
salts; phosphate and carbonate of Ca are 
found in plants and animals. Ca sails ocqur 
in the sun, fixed stars, and moteoritos. Calc;fim 
carbonate and burnt lime have been known 
from very ancient times. In 1722 Fr. Hoff¬ 
mann showed that lime is a distinct earth; 
Black (1755) was the first to make a quantita¬ 
tive examination of limestonet and burnt lime. 
In 1808 Davy obtained calcium (impure) by the 
electrolysis of lime. • 

Formation .—1. Dry Cal 2 is healod witfy Na 
in an iron crucible with an* air-tight cover 
(Li6s-Bodart a. Jobin, A. Ch. [3] 64, 363; 
Dumas, O. B. 47,675; Sonstadt, C. N. 9,140).— 
2. Dry fused CaCl 2 (300 parts), Na (100 pifrta), 
and pure distilled granulated Zn (400 parts), 
axe heated in a oruoible with loosely fitting lid, 
as high a temperature being maintained as is 


possible |riithout volatilisation of much Zn; an 
alloy of fea and Zn is thus produoed (Zn, 2 Ca 
according to v. Bath, P. 136, 434). This- alloy 
is heateejin a oruoible of gaa coke until tho 
Zn is al distilled off (Car m, O. B. 48, 460; 
50,. 547).A3. A boiling cone, solution of GaCL, 
is electrolysed, using an amalgamated Pt wire as 
negative electrode (Btnsen, A. 92, 218). 

Preparation.—A. mixture of dry CaCl 2 and 
SrCh, in the ratio 2CaCl 2 :HrCl 2 , mixedf wifh a 
littlt NH 4 C1, is melted in an open crucible ; the 
current from ,3 or 4 Bunsen cells is passed 
through tho molten mass, tho positive electrode 
being a stick a* carbon, and tho negative ar.- 
iron wire as thick as a knitting needle, drawn 
out to a fine point. The point of tho iron wire 
is kept just under the surface of tho molten 
mass for a minute or so at a time; the Ca 
separates in small lumps (Matthiessen, A. 93, 
277; 94, loH). Frey obtained lumps of Ca 
weighing from l 2\ to 4 grams (;1. 183, 367); he 
passed the negative electrode through tho stem 
of a tobacco pipe with tho bowl dipping under 
tho molten mass in the crucible; II was then 
passed into the pipe; when the pipe and bowl 
were filled witti this gas, tho H was stopped, 
and the current was started; the Ca rose into 
the bowl of the pipe, and being in contact with 
H remained quite unoxidised. 

Properties. —Lustrous, clear yellowisli-white, 
very ductile, but brittlo when hammered out, 
mallcf ole; about as hard as ealespar. Frey 
(A. 183, 367) says it is brittle and cannot be 
hammered out or drawn into wire. Melts at full 
j rod heat, and thmi burns with yellow flame and 
; production of much heat and light; [Ca, 0] = 
j 130,930 {'l'h. 3, 251). Does not oxidise in dry 
air; hut in ordinary air is quickly covered with 
GaO. Not volatilised at temperature of inflam¬ 
mation (Caron, C. B. 48, 410). Decomposes 
cold II.,O rap' lly; 

[Ca, Aq 1 (Ca, O 2 , H-, Aq] — 2[TI 2 ,0] = 80,900 
[Th. 3. 251). As no compound of Ca has been 
gasified, the value to be given to tho atomic 
weight »f tho metal is decided partly by the 
S.1I. and partly by purely chemical considera¬ 
tions. Tho mass of Ca that combines with 
15*96 ( i.c. with 1 atom) O is 39 91, hence the 
simplest formula for the oxide is CaO 
(Ca = 39*91); tho same mass of Ca combines 
with 2 x 35*37 Cl, 2 x 79*75 Br, Ac.; the simplest 
formula* r or the chloride and bromide are there¬ 
fore C iCU. and CaBr 2 respectively (Ca=» 39*91). 
These fonnr.ie are in keeping with the reac¬ 
tions of the compounds, lienee they jjre adopted. 
The chief compounds of Ca by analyses of 
which tho value Ca 39*91 haB been found are : 
(1) CaCl 2 (Berzelius, Q. A. 57, 451; Dumas, 
A. Ch. [3] 55,190); (2) CaCO., converted into 
CaO (Dumas, O. B. 14, 537; Erdmann a. 
Marchand, J. pr. 26, 472). Ca is a strongly 
positive metal, forming well-marked and Btable 
»salts by replacing tho 1§ of acids. Salts of Ca 
* derived from almost every acid are known; 
several of these form double Balts; very few 
basic salts are known. CaOjI^ is an alkaline 
hydroxide; CaO combines with H a O with pro¬ 
duction of much heat; CaO J H 2 is dehydrated 
to CaO at a high temperature. [GaO.H'Ol* 
«15,540 {Th. 3,251). The heat of neutralisation 
of CaO^HaAq is the same as that of KOHAq, 
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N’aOHAq, and Ba0 2 H,Aq, viz. 31,^iO for ' 
HjSO.Aq and 87,640 for HjOljAq. (ia com- 
bines with tile halogens with production o! 
heat; [Oa.X 1 ]-* 169,820 when X = C1; 6.40,850 
when X-Br; 107,250 when X = I (Th. 251), 

Reactions and Cambinatiotis. —l.Wifh water 
forms CaOAq and H.—2. With acids forips salts, 
usually evolving H; cono. HNO,Aq only r acts at 
high temperatures.—3. Combines directly, when 
lieattd, v>th many non-metals; especially Cl, 
Br, I, O, S, P (v. Calcium chloride, &c.),— 
4. Forms alloys with soveral metals, by heating 
the metals together. Alloys with Al, Sb, l*b, 
Vg, Na, and Zn have been described (Caron, 
G. R. 48, 440; 50, 547; Wohler,’ A. 138, 253). 
Calcium is usually estimated either as carbonato 
or sulphate volumetrically, by K,,Mn a O,Aq, 
after ppn. as CaC 2 0, and decomposition of this 
salt by H.,SO,Aq. 

Calcium, Alloys of, v. Calcium*; Combina¬ 
tions, No. 4. 

Calcium, Arsenates of. CaTIAsO, and 
Ca,(AsOJ a : v. arsenates, under Arsenic, 

ACIDS OF. 

Calcium, Arsenites of. Ca,(AsO s ) 2 ; Ca(AsO,),; 
and Ca AslO,; v. arsenites, under Arsenic, 

ACIDS OF. 

Calcium, Bromide of. CaBr.. Mol. w. 
unknown, as compound has not been gasified. 
f67C°-680°] (Carnolley, C. /. 20, 407; 33, 270). 
8.0. 3-32 (Kopp, A. 03, 129). S. (0%125; 
(20°) 141; (40°) 212; (00") 277 ; (105", 312 
(Kremers, P. 103, 65). H.F. [Ca.BP] = 140,850; 
[CaBr 2 ,Aq] = 165,360 (Thomson). 

Fonnatim.— CaBr., is formed by dissolving 
CaO or CaC0 3 in HIlrAq, evaporating, and 
orystallising; or by decomposing FejB^Aq by 
CaOAq. 

Preparation— 1. 121 parts Br and 1 part 
amorphous P are allowed to rtact in presence 
of H.,0; the solution is neutralised by CaCO, 
or CaOJL, filtered from £a 2 .21’(>„ evaporated, 
and crystallised (Klein, A. 128, 237).—2. 20 
parts 9 are dissolved in 210 parts Br, and the 
liquid is poured into thin milk of lime, contain¬ 
ing 140 parts CaO ; CaSO, is ppd. by alcohol, 
the solution is filtered off, evaporated, and 
crystallised (Faust, Ar. Ph. [2J131, 216). 

Properties.- White, lustrous, deliquescent, 
needles: very soluble in 11,0 and alcohol. 
Absorbs NH, forming CaBr.,.6NII : , (Rammels- 
berg, P. 65, 239). CaBrAq boiled with CaO.,11,, 
and filtered, on cooling jields.. crystals of 
CaBr...3Ca0.15H 2 0. 

CimbinUions. — With water to form 
CaBr,.6H„0. [CaBr 2 ,6II 2 01 = 25,000; 
[CaBr 4 .6H 2 0,Aq] =• -1690 (Th. 3, 251). 

Calcium Bromide, hfdrated, v. Calcium, 
bromide OF, Combinations. * 

Calcium, Chloride of. CaCh. Mol. w. un¬ 
known, as compound has not been gasified. 
f719°-723°] (Carnolley, f . J. 29, 497). S.O. 2° 
2-205 (Schiff, A. 108, 23)i S.H. (23°-99°) -10(2- 
(Begnault, A. Ch. [3] 1, 129). S. (0°) 49-6; 
(10°) GO; (20°) 74 ; (30°) 93 ; (35°) 104 ; (40°) 
110; (50°) 120; (C0°) 123; (70°) 136; (80°) 
142 ; (80°) 147 ; (95°) 151 ; (98°) 154 

.(Mulder, J. 1860. 00). H.F. [Ca.CF] = 169,820; 
tCg.CF.Aq] = 187,230 (Thomsen). 

Formation.— In making NH, by the action 


1 Of .CaQjH, on NH,ClAq; also as a by-produot 
in many onemioal manufactures. 

Preparation.—1. Pure CacO, is dissolved In 
pure HClAq; the" solution is evaporated to dry¬ 
ness and heated to about 200°.—2. Ordinary 
marble or chalR is dissolved in HClAq, Cl is led 
into the acid liquid until all Fe and Mn salts arc 
completely oxidised, Milk of lime is added to 
alkaline reaction, t^ie whole is digested, the 
liquid is filtered from limo and ppd., oxides of 
Mg, Fo, and Mn, neutralised by HClAq, and 
evaporated as in 1. 

Properties and Reactions.—A white, porous, 
very deliquescent, solid: after melting and 
cooling it is distinctly orystallino. Absorbs 
moisture rapidly: hence is muo}-used f >r drying 
gases, &c.; if the CaCL, to be useijsmust be free 
from CaO, e.g. for drying C0 2 , it should be placed 
for some time in a stream of CO z and then of 
dry ail- at the ordinary temperature. CaCl 2 is 
very soluble in water and alcohol, much less 
soluble in IIClAq. It is partly decomposed by 
heating in air (v. Weber, B. 15,2316), more com¬ 
pletely by heating in O, with production of CaO. 
Heated with KCIO, or KCiO „ part of it ia changed 
to CaO (Schulze, 3. pr. [2J 21, 407). CaCl 2 Aq 
is used as a bath for maintaining temperatures 
above 100°; 50 parts CaCl 2 in 100 parts H 2 0 
forms a solution boiling at 112"; 100 CaCI 2 in 
100 water, B.P, 128°; 200 CaOl, in 100 H 2 0, 

B. l’. 158"; and 325 CaCl 2 in 100 jj 2 0, B.P. 180° 
(Magnus, P. 112, 408; Wiillner, P. 110, 664; 
Lcgrand, A. 17, 31). 

Combinations. —1. With water to form 
hexagonal crystals of CaCI 2 .CII 2 0 [CaCl 4 , 6H’Oj 
- 21,750 ( Th. 3,251)"; best prepared by evapora¬ 
ting a solution of CaCO„ or CaO, in HClAq and 
crystallising. CaClyGHjO melts at 28° (Xuden, 

C. 3. 15, 268); heated to 230", or placed in 
vacuo, tho hvdruto CaCi.211,0 remains. 
This liydrat'-is also produced, according to 
Ditto (C. II. 92, 212), by saturating HClAq 
with/!aCl s at 12' and cooling. Hamerl 
(Site. I V. (2nd part) 72, 667) says that 
CaCh.llljO is formed by repeatedly molting and 
cooling CaCUlILO. According to Dibbits 
(Ar. N. 13, 478) CaC1 2 .6II,0 loses 4H 2 0 in a 
current of dry air, and OH.,0 in dry air at 80°. 
S.G. is° of CaCUlU O, f-012 (Kopp, A. 93, 
129). S.H. of CaCUiH.O (-20° fo 2°) -345, 
(4°_28°) -617 ; melted (34°-59°) -5601, (34°-99°) 
•552, (100 ’-1-27°) -519 (Person, C. R. 23, 102). 
C.ID. (cubical) for solid CaCl 2 .0H 2 O; Vi = V» 
(1 + -000 61-5 If - -000 053 77 t‘ + -OOO'OOl 906 f>) 
for interval 11°-EG° (Kopp, A. 93, 129). H.F. 
[Cat. Cl ! , oH O] = 191,980; CaCl 2 .«H 2 0 dissolves 
in Water with disappearance of rauoh iioat 
[CaCi‘*.6TI ; 0,Aq] = —4,340 (Thomsen). This 
salt mixed with snow produces groat lowering of 
temperature; for use as a freezing mixture the 
salt is best prepared by boiling a cono. solution 
until tcmpcrature’Hses above 129°, then allowing 

,to cool, shaking r well as the solid forms. 
'CaCl 2 .GH 2 0 is thus obtained as a fine dry 
powiMr; 4 parts- are mixed with 3 parts dry 
snow. Hamerl (Sits. W. (2nd part) 78, 59) 
observed -51-9° by mixing this salt with dry 
snow both cooled under 0°, in the ratio 
CaCl,.011,0: 8-45 H.,0 (as snow). CaCl,.611,0; 
S (0°) 72-8; (13-8 ) 80-9 ; (24-5°) 89-5 ; (29-5°)100 
(Hamerl, Sits. W. (2nd part) 72, 287).—8. With 
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ammonia forms IlaCl > .8NH,: dissociated by heat 
intoOftCL, and#tH,; NH S also removed by dia- 
solving in H,0 and passing, in a ourrent of air 
(Weber, B. 15,2316). Xsambert (O. R. 66,1260) 
describes CaCl^NH, and CaCS 2 .2NH,; he gives 
these thermal values |[CaCK, 2NH 3 ] = 14,000; 
)[OaCP,4NH S ]- 12,200; j [CaCl 2 , 8 NIP] = 11,000 
(O. ,ii. 86, 968).—8. With alcohol to form 
Oa.01j.2C JI O ; decompo^d by H.O (Chodnew, 
A. 71, 241; Johnson, ./. pr. 62, 264). Forms 
combinations also with acetone (Hlasiwotz, 
A. 76, 294). — 4. With lime to form 
CaCL.'iCaOJSiPO; prepared broiling CaCLAq 
with CaOjHj, filtering while hot, and allowing to 
coq], ■ decomposed by 11,0 or C.,H„0 (Bccsley, 
Ph. 9, 5C€; ItSso, S. 2d, 155; liolley , D. P. J. 
153, 202; Wrimshaw, C. N. 30, 280).—6. With 
platinous chloride to form CaCl„.PtCl 2 .8H 2 0; 
M.P. = 100° (Nilson, /. pr. [2] 15, 260). . 

Calcium chloride, hydrated, v. Calcium, 
chloride os; Combinations, No. 1. 

Calcium, Cyanide of. Ca(CN) 2 . Said to bo 
obtained by heating Ca ferrooyanide and dis¬ 
solving out with water (Schulz, J. pr. 08, 257). 
v. Cyanides. 

Calcium, Fluoride of. CaF 2 . Mol. w. un¬ 
known, as compound has not beon gasified, 
[abt. 902°] (Carnelley, C. J. S3, 280). S.G.— 
3-15-3-18 (Schroder, Dichtigkcitsmessiuujen 
(Heidelberg, 1873) ; Kengott, Site. IK. 10, 295). 
S.H. (21°-50°) -209 (Kopp, T. 155, 71); (15" 99") 
•2164 (Regnault, A. Ch. [3] 1, 129). Index of 
refraction at 21° for line B = 1-432; line J) = 
1-4339 ; line F = 1-43709*; lino G -1-43982 ; 
line H = 1-44204 (Stefan, Site. IK. 03 (2nd part), 
239). S. (15") -0004 (Wilson, J. 1850. 278). 
[CaH-'0',2HI?] = 60,000 (Guntz, ». R. 97, 1483, 
1558; 98, 810). 

Occurrence.—As Fluorspar in octahedra, 
cubes, and otbor forms of the mononffetrie system, 
fairly widely distributed in many rocks; in 
small quantities in many mineral waters, fdant- 
ash, bones (Lassaigne, S. 62, 141), enamel of 
teeth, <£c. 

Preparation. —1. As a gelatinous mass, by 
decomposing an aqueous solution of a Ca salt by 
that of a fluoride.—2. As a granular powder by 
digesting freshly ppd. CaCO s with HFAq.—3. 
In small octahedra by digesting the gelatinous 
pp. obtained in 1 with dilute HClAq for 10 hours 
at 240° (Sdnarmont, A. Ch. [3] 32,129; Kehcerer 
a. Dreohsel, J. pr. [2] 7, 63). 

Properties and Reactions. —Transparent, 
colourless orystals, molting without, decom¬ 
position at about 900°. Forms easily fuswlde 
masB with BaSO„ SrSO„ and many other 
insoluble compounds; hence much used as a 
flux. Soluble in aqueous solutions of NH, salts 
(Rose, P. 79,112). Not decomposed by fusion 
withEOHorNaOH,but partially by fusion with 
excess of alkali carbonates. Decomposed, to 
CaO and HF, by heating to *edness in steam; 
also decomposed by hot H 2 SO,Aq, but only yery 
partially by boiling HClAq or*HNO,Aq. Said 
to be partly deoomposed by Al, 3SO,Aq (Friedel, 
Bl [2] 21,241). 

Combinations. —With hydrofluoric acid \md 
water to form CaF : .2HF.tiH s O; produced in 
small crystals by evaporating a solution of CaO 
in large excess of HFAq; decomposed to CaF, 


and tFAq by hot -Water (Fremy, 4; Ch. [8] 47 
86 ). | 

Catoium, Hydrate of, CaOjHj, v . Calcium 

HYDRCJEIDB OF. 

Caioium, Hydrosulpiiide of, *. Caloiuu 

SUU^*DRA1-E. 

Caioium, Hydroxide of, CaO.ir,. (Slaked 
lime.) Mol. w. unknown: compound is decom¬ 
posed by heat. S.G. 2 078 (Filholf A. Ch. [3] 
71,415). S.G. - (crystalline) 2-236 (Lamy, 
A. Ch. [5) 14, 145). S. (15°) -13; (54°) -103; 
(100°) -08 (Dalton, New Si/stem, 2, 331): S. (Iff) 
•13; (100") ;.7 (Bincnu, C. R. 41, 509, v. also 
Lamy, C. R. 36, 333). 1I.F. [Ca.O.IPO] = 

146,470; [Ca0,H-’0] = 15,510 (2’.’. ,3, 251). 

Preparation. — 1 . By adding to 1 part I1 2 0 
3-1 parts CaO. —2. By allowing Ca to oxidise in 
moist air. v 3. By adding KOli.Vq, or NaOHAq, 
to a cono. aqueous solution of a Ca salt, collecting 
pp., washing well, and drying at 100". Gay- 
Lussac (.4. Ch. 1, 334) obtained Ca0 2 H 2 in 
small six-sided plates by evaporating an aqueous 
solution over 44.80, in vacuo. 

Properties and Reactions. —A white, com¬ 
pact mass; slightly soluble in cold, less soluble 
in hot, water [CaO -II-’,Aq] -2,290 (’Ch. 3, 251). 
Strongly alkaline reaction. CaO,lI 2 Aq neutralises 
acids with production of same quantity of heat 
as when 2XaOHAq, or 2KOJL\q is used, viz. 
abon 4 31,000 for H_SO r V| , and about 27,900 for 
2flC.Aq (Thomsen); also pps. mauy heavy 
metals as oxides or hydroxides, and saponifies 
fats. Moist Call.O. absorbs CO,, forming CaCO, 
andll 2 0. Cali,d...\ | forms insoluble salts when 
neutralised by ‘lL8iO ; ,A.i, lI.,HO.,Aq, II 3 PO,Aq, 
&c. ; pps. are also formed by adding animal 
char, sand, .fcc. Call.O., is soluble in solutions 
of cano sugar: on adding alcohol pps. aro 
obtained, aid to have tho compositions 
Ca0.;;, ,n„..0„.n,0; 2CaO.C,,lI,,0„; 
3CaO.C,..H. 2 G„ ; * and 6CaO.0„H a O 11 
(Pclouzo, J. 1864. 572; Bowin a. Loiseau, A. Ch, 
[4] 6,203; Pfiligot, A. Ch. [3] 54, 383; I Icon, 
Bl. [2* 17, 155; Berthelot, A. Ch. [3] 46, 173). 
Cali .O, is much more solublo in glycerin than 
in water. At a bright red beat Ca ILO- is decom¬ 
posed to CaO+ 11,0. For reaction between Cl 
and Can 2 0 2 v. Bleaching Powder under hypo¬ 
chlorites, under Chlorine, oxyaoius of. 

Calcium, Iodido of. Cal 2 . Mol. w. unknown, 
as compound has not lx.en gasified. [631°] 
(Carnolhy, C J. 3?, 279'. S. (O’) 192; (gp°) 
204 ; (40°) 2i8 ; (43°) 286 ; (92°) 435 (Kremers, 
P. 103, 65). II. F. [Ca, I*J= 107,250; 
[Ca, I J , Aq] -134,940 ( i% 3, 251). 

Formation. —By the ..action of IIIAq on 
CaO,II,; or of I on OaS suspended in water 
(Liia-liodart a. uqi>in, A. Ch. [3] 54, 363). 

Preparation.. -To 1 part amorphous P and 
1 40 parts H.O, 20 parts I aro slowly added ! the 
whole is digested at 100’; the colourless liquid 
Sip neutralised by milk 81 lime, and evapotraed 
in an atmosphere free from CO- (Liebig, A, 
121, 222 ; Wagner, C. C. 1802. 1137. 

Properties and Reactions.— White, deliques¬ 
cent mass ; very soluble in water and aloohol i 
undecomposed when melted out of contact with 
air; melted in air gives CaO and I. CogW 
CaljAq dissolves I; on evaporation in vanta 
crystals of a periodide are said to be obtained. 
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Absorbs CNH, (Igambert, 0. A. 66,1259). ijcrms 
an easily decomposed double oompound|with 
Agl; CaI 5 . 2 AgI. 6 H 2 O (Simpson, Pr. 27,12fi) 
Calcium hydroxyhydrosulphide v. post (inder 

CaLOIDH 8ULPHYDF.ATE. * f 

Caleium, Oxides of. Two oxides aro known; 
CaO a strongly basic compound, and Ca0 2 which 
acts as a peroxide. Ca0 2 cannot be formed by 
the acton cf 0 on CaO (comp. liaO.J. 

I. Calcium monoxide. CaO (Lime, burnt 
time). Mol. w. unknown, ns compound has not 
been gasified. S.O. 315 (Schroder, P. Jubclbd. 
452); S.G. (crystalline, by heating Ca2N0 3 ) 3-251 
(Briigelmann, W. 2, 466; 4, 277).* S. variable 
according to state of agprcgntionpd the CaO Ac. 
Lamy (A. Ch^ 5] 14, 145) gives the following 
numbers representing grams of CaO in 1000 
grams of solution; CaO being made (1) by 
heating Ca2NO„ (2) by heating Ca&0„ (3) by 
heating CaO.,IL: — 


Temp. 

(1) 

(2) 

(3) 

0 ° 

1-302 

1-381 

1-430 

10 

1-311 

1-312 

1-384 

15 

1-277 

1-299 

1-318 

30 

1-142 

1-162 

1-195 

45 

0-996 

1-005 

1-033 

60 

0-844 

0-868 

0-885 

100 

0-562 

0-576 

0-584 


H. F. [Ca, 0] = 130,930; [Ca, 0, Aq) = 149,260 
(Th. 3, 251). 

Preparation. —Pure marble, or Iceland rpar, 
is strongly heated in a crucible with a hot in 
the bottom to allow escape of CO,,; or a piece of 
charcoal is placed in the crucible beneath the 
marble, CO is thus formed nod sweeps out tho 
C0 2 with it. CnCO, is not completely decom¬ 
posed when heated in an atmosphere of CO-; 
v. calcium carbonate, undor Carbonates. 
Sestini (Fr. 4, 51) strongly heats powdered 
marble with sugar, washes witlx II.0, dissolves 
in HN0 3 Aq, pps. CaCO s by (Nil,), OO.Aq, and 
strongly heats the dried pju By strongly heating 
Ca2NO„ in quantities of about 15-20 grams at 
a time, in a porcelain flask, Briigelmann (IT. 
2, 466; 4,277) obtained cubical crystals olf CaO ; 
semitransparent, harder than the amorphous 
form, and less easily acted on by H.O and CO,.. 

Properties and Ilcactions. —White, amor¬ 
phous (or crystalline v. supra), powder ; does not 
fuse at full white heat. Strongly basic; reacts 
with most acids to form salts. CaO is decom¬ 
posed by heating to whiteness with K ; heated 
in C-l. CaClj is formed. Ca,S is produced by 
heating with S, and CaS and CaC(J, by heating 
in CS.j. Ca6 does not combine with 0 (v. Conroy, 
C. J. [2] 11, 809). 

Combinations.— With carbon dioxide, to form 
CaCOj (but dry CaO doosr not react with CO,: 
Scbeibler, B. 19, 1973); combination begins at 
about 400° {v. Birnbaum a. Malm, B. 12,1547); 
[CaO, CO 2 ) = 42,520 (Th. 3, 251). Heated with 
silica or silicates, silicates of Ca aro formed, 
which in contact with wCter set to a hard com-, 
pact mass (hydraulic mortars). With water, 
CaOjHj is formed with production of much heat 
[CaO, H'O] = 15,540 (Thomson); the lime is 
said to be slaked. 

II. Calcium dioxide, Ca0 2 (Calcium per- 
\ijde). Mol. w. unknown. Prepared by adding 
pure Hj0 2 Aq to exoeBS of CaOAq, or by adding 
cxcesa of CaOAq to NajOjAq containing some 


HNO^Aq; collecting pp., washing well with cold 
water, and heating the OaOj.8H s eithus produeed 
in a current of dry %ir free from C0 2 to 100° - 
120°. Forms a snow-white crystalline powder; 
does not melt atfred heat, bnt gives off 0 and 
forms CaO. The hydrate Ca0 2 .8H 2 0 is slightly 
soluble in H 2 0, in oontaot with H, 2 0 it slowly 
decomposes to Ca0 2 ILAq and H; soluble in 
NHjClAq, but not in NH 3 Aq; dissolves easily in 
dilute acids, oven in II.C 2 H 3 0 2 Aq, without 
evolution of 0. It forms prismatic dimetrio 
crystals, isomorphous with Ba0 2 .8II 2 0 and 
Sr0 2 .8H„0 (SchSne) (Thf-nard, A. Oh. [2J 8, 306; 
Conroy, C. J. (2) 11, 808; SohOno, B. 6,1172). 

Calcium oxide, hydrated, Ca6,H 2 , y- , £}L. 

CIBM, HYDROXIDE OF. ' T 

Calcium, Oxybromide of, CaBr 2 .3€a0.15H 2 0 
V . Calcium, bromide of ; Properties. 

Calcium, Oxychloride of, CaCL.3Ca0.15H 2 0, 
V . Calcium, chloride of ; Combinations, No. 4. 

Calcium, Oxysulphidos of, v. Calcium toly- 
scu-mDES; under Calcium, sulpuidks of. 

Calcium, Phosphide of. .When Ca and P are 
heated under rock oil, and the unacted-on P is 
dissolved out by CS 2 , a black powder remains 
which is acted on by H.O and acids with pro¬ 
duction of PH,; this black powder is said by 
Vigier to be Ca phosphide (Bl. 1861. 5). By 
strongly heating CaO in l 1 vapour, a brown, 
amorphous mass is obtained ; when lieatcd with 
cone. IIClAq, non-inflanunablc PH, is evolved, 
but with dilute IlCiAq tho gas evolved takes 
fire. Probably in the first case liquid PII. is 
formed and at once decomposed to gaseous Pfl 3 
and solid P.1I; in the second case tho decomposi¬ 
tion of PH, proceeds moro slowly, so that some 
is carried into the air with tho Pli 2 and causes 
the combuslioh (Tlibnard, A. Ch. [3] 14, 12). 
Tho brown substance got by heating CaO in 
P vapour is s?'Vto boa mixturo of CaP and 
Ca.P.O, (Tlienard, l.c.) : this brown substance is 
described by Thcuard as a very hard solid ; un¬ 
changed in dry air ; deliquescent in moist air; 
burns when heated in air; acted on by water 
free from air gives CaOAq and PH., PIT, decom¬ 
poses to PII 3 and l’.H, and the i'.Il is decom¬ 
posed by the CaOAq to CafTT.l’O.J.Aq and II. 

Calcium, Salts of. Compounds obtained by 
replacing H of acids by Ca. 'These salts form 
one scries CaX., where X 2 =C1 2 , (N0 3 ) 2 , SO,, 
C0 3 , f PO„ Ac. They aro generally formed by 
the action of CaO or CaO.TI, on the ueids in 
aqueous solution, or by the decomposition of 
salts of the heavier metals by CaO.H.Aq. As 
none of *he Ca salts has been gasified, tho 
fornsibe aro based partly on similarities between 
these salts and those of analogous metals which 
form gasi liable compounds, chiefly 'An, Cd, and 
Ilg. and partly on the fact that the general 
formula CaX 2 is the simplest that can be given, 
provided the atomic weighed Ca is about 40 
(this has been established by analyses of OaCl 2 , 
;CuCO„ Ac. and by determinations of the S.H. of 
tho yietal; v. (Jaloidm). Salts of Ca derived 
from a great many acids are known; they are 
well marked stable bodies ; many form double 
salts; few basic salts are known. Most of the 
Ca slits are soluble in water; tho more insoluble 
are the arsenite, carbonate, fluoride, oxalate, 
phosphate, sulphate, and sulphite. With the 
exception of CaF : all the salts are more or less 
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loluble in' dputa acids. The Ca salts of non¬ 
volatile acids mo generally undeoomposed by 
heat. Oa salts derived from g great many acids 
are lenown (v. Borates, Carbonates, Phosphates, 
SULPHATES, Ao., Ac.}. * 

Caloinm, Selenide of, CaSe. Mol. w. un¬ 
known. White solid, rapidly changing in air, 
prepared hj heating CaKqA), to dull redness in 
Hi [Ca,Se] = 78,000 (Fab#, C. R. 102, 1409). 

Calcium, Selenioeyanide of. (? CaSe.,(CN),). 
Probably exists. Data very meagre (Crookes, 
J.pr. 63,161). 

Calcium, Sulphides of. Oife calcium sul¬ 
phide, CaS, is known as a solid; solutions 
whi'’ most jjjpbably contain CaS, and CaS-„ 
respectively, have been prepared. The sulphides 
of Ca are crecidedly less basic than those of 
Ba, e.g. they do not react with the sulphides of 
the negative metals As and Sb to form tliic- 
salts. 

X. Calcium monosulphide. CaS. Mol. w. 
unknown. II.F. solid, from solid materials: 
[Ca,S] = 92,000 (Sahatier, A. Ch. [5J 22, 598). 

Preparation.— 1. H,S i3 passed over Cat) 11, 
kept at about 00°; the solo products are CaS 
and H,0. If the reacting bodies are perfectly 
dry the change does not occur (Veiny, G. J. 
47, 478).—2. 13y gently heating crystals of 
CaSJij.GILO (17. v.) in 11,S; the product con¬ 
tains some CaO,H, (Divers a. Shimidzu, U. J. 
46,270). Seliiine’s method, heating OaCO, in a 
mixture of CO, and 11,8 (P. 112, 193) is said 
by Divers to yield a mixture of CaS and CaO 
in the ratio 1 ICaSioCaO (G. J. 45, 282). 

Properties and Reactions.—A. while amor¬ 
phous solid; soluble in water with gradual 
decomposition, giving IT,S, ml solution of 
Ca.SH.OH (j.u.) whicli then iBowly dccom- 
posos in air forming CaS.O, Aq and CaS, Aq 
(Divers a. Sliimidzu, t.c.). T^ijjnipure CaS 
produced by heating CaO with CS„ or OaSO, 
with C, is not soluble in, although it is partially 
decomposed by, water. Perfectly dry CaS docs 
not absorb CS,; but in presence of 11,0 a basic 
calcium lliiocarbonate, 2CaO,iI.,.CaCS r l 0 i i ,0, 
is produced (Vcley, G. J. 47, 480). Sal atier 
(A. Ch. [5] 22, 698) gives the thermal value 
[Ca,S] = 92,000; (CaS, Aq] = 0,010 (? pure mate¬ 
rials). 

II. Calcium polvsulpiiides. Wlien CaS 
(prepared by heating CaO in CS, mid CO, and 
therefore containing some CaO) is boiled with 
S and H,0, it dissolves, forming an orange-red 
liquid; the quantity of S which goes into solu¬ 
tion corresponds with that required |to foym 
CaS, and CaS,; if more S is used it is deposited 
on cooling the liquid ; if less S than S : , to CaS 
is used, some of the CaS remains undftsolved. 
Both solutions are decomposed on concentration 
with ppn. of CaO,H, and S, and evolution of 
H,S (0. SohOne, P.,117, 58).*Warm CaS,lI,Aq 
dissolvos S very readily, forming a solution of 
CaS, and evolving H,S ; thfe solution is com¬ 
pletely decomposed (if cold aiyl dilute) by«H,S 
forming CaS,H,Aq with ppn. of S (Divers a. 
Shimidzu, C. J. 45,270). • 

CaS,Aq is decomposed in contact with, air. 
By boiling 3 parts CaO, 1 part S, and 20 parts 
H,0 for some time, and allowing to stand for 
several days, orange-red needles are obtained of 
*CaO.CaS,.12H,0 (Hersohel, N. Ed.P.J. 1,8; 


SohSnl, P. 117, 68), 2CaO.CaS„. 10 or 11 H,0 
according to Geuther {A. 224, 178). If CaS 
(prepaled by action of CS, and CO, on CaO) is 
boiled With much water qnd filtered hot, CaSO, 
is sai<\ to separate out aild then yellow needles 
of 6CJo.CaS 5 .20H,O (If. Roso, P. 66, 433), 
or 4C.*0.CaS,.18H,0 (Sebono, P. 117, 58), or 
3CaO.CaS„ 14 or 16 11,0 (Goutlior, A. 224, 
178). These oxysulphides are easily daronijosed. 

, Calcium, Sulphocyanide of. Ca(CNS),. By 
saturating IICNSAq with CaC0 3 , v. sulpho 
cyanides, under Cyanides. 

Calcium Suiphydrato (or hydnmilphide ); ard 

Calcium hydroxy-sulphydrate (or hydroxy- 
hydrosulphide ), CaS,II . GU O, and 
Ca.SII.0H.»II,0. li'y passing T I,S into a 
solution of CuO containing solid CaII-0„ 
CaS,lI,.(iir,0 is formed : 1 part CaO is added to 
3-4 parts warm water; when cold, ll,S is passed 
into tile semi-solid substance until all lias dis¬ 
solved ; more CaO is added, little by little, the 
whole being surrounded by ice, and H,S is 
passed in until a littlo CaO remains un- 
dissolvcd ; tile liquid is quickly decanted into a 
tube kept in ice ; the crystals which separate 
are drained and a current of dry H S is swept 
over them at 0\ Air must be excluded during 
the entire operation (Divers a. Shimidzu, G. J. 
46, 270; Veiny, G. J. 47, 478). CaS,II,.011,0 
forms colourless prismatic, crystals, whicli melt 
in thijr water of crystallisation, giving off H,S 
and -oraiing Ca.sil.OilAq and CaO,H„. At 
about 15°-18°, II.S is evolved even in an atmo¬ 
sphere of JI..S. CaS.lI,.011,0 is very soluble in 
water and alcohol. 'JaSJl.Aq is slowly oxidised 
ill contact with air, giving a littlo CaS,0.,Aq and 
CaS Aq. Thomsen (Th. 3,251) gives the thermal 
value [Ca,S-,n-,Aql = 115,250. 

References. —I’elouze, C. R. 02, -OH; H. 
Rose, P. 55, 133 ;<Berzelius, 8. 34,12; P. 0,412; 
Bottgcr, A. 4 1, 79 ; 33, 344. 

When 1, .‘stream ‘4 H is passed through 
an i e-cold solution oi CaS.,11,, crystals ot 
Ca.SII.011.311,0 are formed, and 11,S is evolved. 
The siAne compound is formed by tho combi¬ 
nation of H,0 with CaS, as in tlie interior of 
heaps of soda-waste ; and by the mutual action 
of CaO,IT, and I1,>S, as in the purification of coal 
gas. Calcium hydroxysnlpliydrate crystallises 
in colourless four-sided prisms ; it is soluble in 
water with decomposition into CaS.JLAq and 
CaOJl,; insoluble in, but slowly decomposed 
by, aleo’.bl »(CaS,‘i. goes into solution and 
CaOJl, remains; Divers a. Shimidzu, C. J. 45, 
270). It absorbs CS, forming a basic tliioear- 
bonatc 2CaO,lI,.CaCS, 101t,O; it is the active 
agent for absorbing CS, in gas-purification 
(Veley, C. J. 41, 478).. * M. M. P. M. 

CALLUTAN1. IC ACID C.,11,,0,,. Occurs in 
Callimavulga, it , the common Ling. The green 
parts are extracted with alcohol, water is added, 
and from tire filtrate the lead salt is ppd. by 
;U’b(OAo) r Amber-coloiAed mass. Its solution 
in alkalis rapidly absorbs oxygen prom the air. 
Reduces AgNO a Aq. Fc,C1 6 gives a green colour. 
Dyes mordanted wool sulphur - yellow. — 

Salts. - (rb0,,H„O,),(PbO),aq(?)- 
(PbC,,II,,0,),(PbO) s 2aq(?)— 
Sn(C 1 ,II„0 1 ),(SnO,).2aq(?). 

Boiling dilute mineral acids convert callutatf&tt 
acid into calluxanthin 0 h H 10 O„ a yellow flooeu- 
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lent pp., si. sol. oold water, t. sol. hot Ivater 
and afoohol. Its alkaline solutions rapidly ab¬ 
sorb oxygen from the air (Rochleder, A. 84! 854). 

GALMU8 v. Galamur. * 

CALOMEL. Merculous chloride (HgCf*). 7. 
Mercury, chlorides of. , 

CALOPHYLLUM RESIN 3 U H 1§ 0 4 . jt05°]. 

8 .G. 1'12, A resin from Calophyllum calaba or 
longifSviurlf of South America. Said to give 
butyric aoid on oxidation (Levy, C. It. 18, 242)* 

CALORIMETER. Instrument for measuring 
quantities of heat. V. Physical methods, Sect. 

THERMAL. 

CALYCIN C 1N H l2 0 6 [240° uncor.]. Occurs 
in a yellow lichen, Galycium c^ri/socephalum, 
from which ii \s extracted by boiling ligroi'n 
(Hesse, B . 13,181G). Sublimable. Yellow needles 
or prisms. S. sol. cold petroleum spirit, petro¬ 
leum ether, ether, alcohol, and acetic acid, more 
easily in the hot solvents. By strong aqueous 
KOI1 it is split up into oxalic and phenyl-acetio 
acids. Carbonated alkalis givo salts of calycio 
acid. 

CAMELLIN C, 3 H H4 O lfl . A glucosido occurring 
in the seeds of Camellia japonica (Ivatzujama, 
Ar. Ph. [3] 13, 334). Extracted by alcohol, and 
ppd. by lead acetate. White powder with bitter 
taste, insol. water. Somewhat resembles digi¬ 
talin. 

CAMPHANIC ACID C 10 H u O 4 i.e. 

✓0 


C,H 1S (C(XH> 


CO 


Oxy-camphmic anhydi Ide. 


From bromo-camphoric anhydride, the product 
of the action of bromino ori camphoric anhy¬ 
dride, by treatment with water (Wroden, A. 103, 
330; Woringer, A. 227,3). From campholic 
acid and bromine (Kachler, A. 162,204). Formed 
also as a by-product in the preparation of cam¬ 
phoric acid by oxidation of camj/uor with HNO s 
(Iioser, B. 18, 3112). According to Fittig (A. 
172, 151) it is a lactoiv*} acid, formed vid 

C s II la Br<“>0 ami C,!I lS (OH)(COJI).,. 

Properties. —Feathery crystals or p.'isms 
(from water). Monoclinio, a:b:c = l-2723:l:l-522. 
0 = 66°34'. 

Salt.—BaA',35aq 

Reaction. —1. On distillation camphanic acid 
yO 

gives C0 2 , campholactono | .andlauro- 

N CO 

nolio acid C.H^CO.II.— 2. KOr.O, ^ana H,SO. 
oxidise it to camphoronio acid Cjl'.O a (Brcdt, 
B. 18,2989). ‘ 

CAMPHENE v. Tereenes. 

CAMPHENOL v. Bo-nkol and Cineol. 

CAMPHEN YL-p-TOLYI-AMIDINE 
0,H,jC(NH,):NC,H, [115°]. Fine white glisten¬ 
ing needles (from ligrofn). Formed by healing 
campholenonitrile C,,II Iri CN with p-toluidino 
hydrochloride at 250° (Goldschmidt a. Koreff, 
B. 18, 1633). *' 

CAMPHIC-ACID C 10 H,',Oj. S. -14 at 1P°. 
[«]o“ 15°45' (in alcoholic solution). Formed to¬ 
gether with camphoric acid by passing air 
through a boiling solution of sodium camphor, 
C„H,jNaO in xylene. Thick mass, v. sol. alco- 
hV and ether. KMnO, oxidises it to camphorio 
acid. The calcium salt distilled with calcium 
formate give* oamphor and camphrene C,H„0 


(a. 233®) (Montgolfier, A. Oh. [ft 14,70; a B 
88,916). - 

CAMPHIIENE t. Tebtsnes. 

CAMFHIKIDE C,„H ia NorC.H,/j|J>NH(?) 

Formed together with dicamphorilimide by dis¬ 
tilling the hydroohlorfle of amido-calnphor (v. 
Camphor) with steam (Schiff, B . 13,1405). 

CAMPHINE v. Tebpekes. 

CAMPH0-CARB0XYUC ACID it. Campiioh 

CARBOXYLIC ACID V . 

(«) -CAMPHOoLYCtJEONIC ACID C la If Jt O, 
[ISO 0 ]. S. 5. [a]„=-33°. Occurs, together 

with uramido-camphoglycuronum aoijj C. -he 
urine of dogs that have taken camphor (Schmie- 
deiterg a. Meyer, U. 3,422). Small thin iamin® 
(containing aq) ; v. e. sol. alcohol and hot 
water, insol. ether. Boiling dilute HC1 splits it 
up into glyouronic acid 0,11,1,0, and crystallina 
campherol C„1I„0, [198°]. HNO, oxidises 
it to camphoric acid.— BaA". — BaA'' 2aq. — 
AgHA-'auq. 

(8)-Camphoglycuronio acid 0, 8 H. !( 0,. An 
amorphous modification of the preceding, 
formed by warming it with baryta.—AgHA" 3aq: 
crystals, more soluble than the Ag salt of the 
(a) acid. 

CAMPHOL a name for Bokneou ( q . it.). 

XO 

CAMPHOLACTONE | . [50°]. 

\ 0 

(230°-235°). From camphanie acid by distilla¬ 
tion, togetlier with lauronolio acid (Woringer, 
A. 227, 10). Slender needles (from water). 
Has a pungent odour of camphor. Like other 
lactones, its solution becomes cloudy when 
gently heated, but the oily drops afterwards, 
dissolve up again.. Volatile with steam. K.,CO„ 
separates it t-'.iA its aqueous solution. When, 
boiled with baryta tlio stilt of the corresponding; 
oxy- a.?i I, Cyt,,(OH)CO..II, is formed. 

CAMPHOLENE C„H„, (136°). V.D. 4-33.. 
Prepared by the action of dehydrating agents on 
campholic aoid (l)i-lalande, A. 38, iiiO) and by- 
distilling potassium camphoialo with soda-lime 
(Kachler, A. 162, 266). Probably identical with 
tiie hydrocarbon got by distilling the calcium 
salt of campholonic acid (Goldschmidt, B. 
20, 483). The name campliolcne has also 
been given tc ■ C,If M (c. 123°) obtained by the 
action of dehydrating agents on camphorio acid 
and its amides (Ballo, B. 12, 324). 

CAMPHOLENXC ACID C, a H la O, i.e. 

C,II,,.CO,ll or C,1I IS (C0,H):CH„. Oxy-camphor. 
(o. 260°). Colourless oil. Formed by saponi- 
lieation of its nitrile which is obtained by heat¬ 
ing eamphoroxim witli acetyl chloride. Formed 
also by treating an aleoholio solution of (S)-di- 
bromo-eamphor with sodium-amalgam (Gold¬ 
schmidt a. Ziirrcri B. 17, 2069; Kachler a. 
£pitzer,£. 17,2400: M. 3, 216; 4,643). The 
Sa salt on dry distillation yields C,H„, possibly 
campiiolene (Uolischmidt, B. 20, 483). Oxi¬ 
dising agents givo oxy-oamphoronio aoid. At 
260° the NH, salt gives the amide [127°].— 
NH,A '.—BaA', 4aq. 

Amide 0,H ls .C0NH,. Isocamphoroxim 
[125°]. Glistening plates; sol. alcohol, ether, 
and cone, acids. Formed by heating the nitrile 
with aleoholio KOH, or by heating the ammo- 
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nium gait of th| acid to 250°. By distillation 
with P,8j it Jfllda the nitrile (Nageli, B. 17, 
805: Goldsohmidt a. Ziirrer, B. 17, 2069). 

Nitrile. — C,H ls .ON. (216°). Formation .— 
1. By heating oamphoroxim with AeCl which 
removes H,0. — 2. By distilling campholenamide 
(isocamphoroxim) with PjS s . Reactions.— 1. By 
heating with alcoholio KOH it is converted into 
campholenamide. By mng boiling with alco¬ 
holio KOH it yields campholenic acid.—2. By 
heating with hydroxylaminc it gives an amid- 
oxim C l0 H,,N 2 O which crystallises in white 
plates melting at [ 101 °].—3. I&duccd in alco¬ 
holic solution by Zn and JIC1 to the amine 
C 0 H*£H 2 ■NIL (Goldschmidt a. Ziirrer, IS. 
17, 2069* Goldschmidt a. Koreff, Is. 18, 
1634).—4. ^Successive treatment with sodium 
amalgam and HC1 yields C lli H.,,N.,Cb, the hydro¬ 
chloride of oampbyl-di-phenyl-liydraainamine 
0,H„(CH 2 Nn 2 )N.H a Ph. [157°]' (Balbiano, 
O. 17,156). 

Nitro - oampholenio acid C,„H, s (NO..)0„. 
Nitro - oxy - camplum. [1C4°J (Z.) ; [170’] 

(K. a. S.). Formed bv nitration ol campholenic 
acid (Ziirrer, B. 18, 2228; Kacliler a. Kpitxer, 
M. 4, 643 ; 3. 15, 2336; Swarts, IS. 15, 2125). 
Monoclinio pyramids, m:5:c =-70:1:13; fi = 
89° 18'. Sol. hot alcohol and ether, iteduccd by 
tin and HC1 to amido-campbolenic acid whoso 
hydrochloride crystallises in lamina? [250°]. 

CAMPHOLIC ACID C„,II„0 2 . Mol. w. 170. 
[95°] (K.); [106°] (M.). [a]j = 50° (in alcohol). 

Formation. —1. By passing camphor-vapour 
over nearly rod-hot potash-lime (Dclalnnde, A. 
Ch. [3] 1, 120).—2. By adding potassium in 
small pieces to a solution of camphor (1 pt.) in 
boiling petroleum (3 pts.) ai 1 '4)° (Malm, A. 
145, 201).—3. By boiling camphor with alco¬ 
holic KOH (Kacliler, A. 10 L A^50). — 4 . By 
heating camphor with Na at ‘-.wSjIontgolfic-, 
A. Ch. [5] 14, 99). 

Properties. —Monoclinio prisms (front diluto 
alcohol) or nodular groups of lamina? (from 
ether-alcohol). V. si. sol. water; volatile with 
steam. 

Reactions. —1. IIN0 3 gives first camphoric 
and then campliorouio acids. — 2. Moist Br 
gives at first camphoric acid, then bromo- 
camphorie anhydride, and lastly oxy-camplioric 
anhydride C 10 II,,O,.—3. P-O., gives camjibolene; 
red-hot soda-lime acts similarly. • 

Salts. — IvA'2aq: laminro. — OaA'.aq.— 
AgA'. 

Chloride (224°) (Kacliler, A. 102^265). 

CAMFHOB O,„n,„0. Mol. w. 152. [lj)>°]. 
(204°). S.G. n> -902. S. -1. S. (alcohol of 
S.G. -806) 120. V.D. 5-32. P* 78-11 (in 
a 32-3 p.e. benzene solution) (Kanonnikolt). 
[a] B = 55'4 —-1372q (where q — no. of grms. of 
alcohol in 100 gi'ms 4 of solatia). 

Ocours in the wood and bark of Lanrus 
camphora , from which it is txtractcd by distil¬ 
lation with steam followed J?y sublimation. 
Varieties of camphor occur also in several essen¬ 
tial oils (». infra). Campho may bo recovered 
from its bromo- derivative by the action of 
nascent H or of alcoholic KOH (Seliiff, B. 13, 
1407 ; 14, 1377). Camphor is also formed by 
distilling calcium camphatc with calcium for¬ 
mate and by oxidising dextro- and ltevo- rota- 
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(Montgolfier, O. B. 88,915; A. Ch. 

[o] 1 ^ 20). . 

Properties. —Hexagonal prisms, terminated 
by hexagonal pyramids.(Descloizeaux, A. Ch. 
[?] 5 ( lm 219; Ca ?eneuv^ a. Morel, C. R. 101, 
4*^8). *Tougli, with peculiar odour; sublimes 
at onfnary tempevatures. Small pieces rotate 
upon pure water. V. si. sol. water, v. sol. 
ordinary solvents. Camphor is dextuj-rolhtory, 
t^o rotation varying greatly with the nature 
and strength of tin solvent (Arndtsen, A. Ch. 
[3] 54, 403; Landolt, A. 189, 334). Its re¬ 
fractive power is that of a saturated compound 
(Gladstone, (?. J. 49, 021). 

Reactions.-^-1. Can^phor (5 kilos.) gives, 
when oxidised by IINO.„ (1*7 kildk.t 3 f) pure cam¬ 
phoric acid insol. cold water, and ( 1-8 kilos, of) 
crude camphoronic acid. Besides camphoronic 
acid the sSlublo portion contains (*1 kilo, of) 
dinitrolieptoic acid, and (-2 kilo, of) aoids 
G..H u O 0 (hydro-oxycamphoronic acid), C„H 12 0 7 , 
C,H, 2 O s (?) [145°], and another acid. A very 
small quantity (2 g.) of inesocaniphoric acid, 
is also got. Tin's forms woolly needles, 
soluble in cold water [120°]. 2. By oxidation 
with CrO, it gives camphoronic acid C 0 H, 2 O 3 
and hydro-oxy-camphoroiiio C H Ii 14 O fl but not 
adipic acid (Kacliler, B. 13, 487; cf. Ballo, B. 
12, 1597). Alkaline KMn0 4 gives camphoric 
acid (Grosser, B. 14, 2507).- 3. The chief pro¬ 
ducts of the dry distillation of camphor with 
ZnC^, (2 pts.) are m-iiietliyl-isopropyl-benzone 
(m-cymene) and (l:2:4)-di-methyl-ethyl-benzene 
(laurene), together with smaller quantities of 
(1:2:14:5) - tetra - nifthyl - benzene (isodurene), 
carvacrol, camphorone, and various other bodies 
(Armstrong a. Miller, Ji. 16, 2255) such as CH 4I 
benzene, toluene, xylene, and ^-ctnnene (Fittig, 
A. 145, 129; Eommier, Bl. 12, 383; iiippmann 
a.Longuinhie, ■‘h [2 ] 5,413; Montgolfier, A. Ch. 
[5J 14, 87j. 4. By the*action of iodine it yields 
a hydrocarbon C I( ,IT W , carvacrol, * (l:2:4)-di- 
in-. thyl-etliyl-benzeue, (1:2:3:5) -tetra -methyl - 
benzene, and traces of ordinary cymono (A. a. 
M.: c.j% Armstrong a. Easkell, B. 11,351; Ray- 
man a. Prois, B. 13, 316).-—5. By treatment 
with P 2 0 3 ordinary cymeno is formed, which is 
also the chief product of the action of P 2 S ft but 
accompanied in the latter case by small quan¬ 
tities of m-methyl-isopropyl-bonzene and tetra- 
methyl-bcnzene (Delalaude, A. Ch. [3] 1,368; 
Armstrong a. Miller, B. 16, 2255). — 6 . By dis¬ 
tillation •bvei red'hot zinc-dust a mixture is 
formed of toTuene, p-xylenc, cymeno, and a little 
benzene (Sclirbtter, C. 13, 3621)?—7. Cone. 
II.,S0 4 forms camphrono or camphorphorono 
C.,II 14 0 (Chautard, C. Ji. 44, 60; Schwanert, A. 
123, 298).—8. Boilii'g alcoholic KOH forms 
campholic aciu and borneol (Berthelot, A. Ch. 

[3J 56, 94 ; ].L f2] 37, 390; Montgolfier, Bl. [2] 
18, 114 ; 25,13 ; Wheeler, A. 140, 84 ; Kacliler, 

I A. 162, 268). Campholic acid is also formed by 
^passing camphor-vapou?ever heated soda lime. 

9. Cl lias no action, but in present of alcohol 
or PC1 3 chlorination ensues (Claus, J. pr. 25, 
257).—10. IIC10 forms cliloro-camphor.—11. Br 
forms C ln H 16 OBr 2 which readily splits up into 
HBr and bromo-camphor.—12. IC1 at 250° 
forms CC1 4 , C 2 C1 6 , and C s Cl rt .—13. PCI, form? 
C 1 u H 1h CIj.— 14. Camphor absorbs IIC1 (Bin^au, 

A. Ch. [3] 24, 328). Aqueous HC1 at 170° 
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splits it up into H,0 and oymene (AlexeieS, 
J. B. 12, 187).—15. Camphor absorbs 1 SO*, 

becoming liquid.—16. It also absorbs NO,_ 

17. Cono. HIAq at 200° forms 0, 0 H„ (-163°), 
C»H„ (135°-140°), fid C 1 ( 1 H m (170°-175°) 
(Wejl, Z. [ 2 ] 4, 496; B. 1 , 96).—18. sMium- 
amalgam has no action.—19/ Na acting it 90° 
on a solution of camphor in toluene forms 
sodium-camphor and sodium borneol (Baubigny, 
Z. [21 2, 408; 4, 298) (c/. p. 672). -20. CO., ga,s 
passed into the product of the action of Na on 
camphor in toluene forms the carboxylic acids 
oi camphor and of borneol (Baubigny, Z. [2] 4, 
482, 647). Air passed into the same mixture 
forms camphoric acid /,Montgol£cr, A. Ch. [5] 
14, 75).—21,*Camphor does not combine with 
NaHSOj (Fillig a. Tollcns, A. 129, 371).— 
22. AcCl has no action.—23. Converted in tho 
animal economy (of a dog) into ca».ipboglycu- 
ronic acid (q. o.).—21. Melted camphor absorbs 
Bl'\ forming C lu TI„ i OBh' s [70°]; when this is 
heated for 21 hours there is formed cymene and 
its polymeiides, C„n„, C.H,„, and other hydro¬ 
carbons (Landolph, C. J!. 86 , 539).-- 25. Chloral 
hydrate forms an unstable molecular compound 
with camphor. It is a viscous liquid, sol. alco¬ 
hol and CMC!,, insol. water (Cazeneuve a. Im- 
bert, Bl. [2] 84, 209; Zcidler, J. 1878, 615). - 
26. By heating with ammonium formate 
at 220 ' - 210 ° it yields formyl-bornylaminc 

< CH, , 

(Lcuchart a. Bach, iK 20, 

CH.NHCIIO 

104).—27. It does not react with phenyl-cyanate 
(L. a. B.).—28. Hydroxylamine forms an oxim, 
v, Cahpiioboxim. 

Phenyl-hyd razidc C ] 0 H„;N.,Tirh. (233°) 
at 10mm. From camphor and phenyl-hydra- 
mnc. Oil. Split up by dilute HOI into cam¬ 
phor and phenyl-hydrazine, and by dry HCl 
into aniline and the mu-ilo of campholcnio 
acid (Balbiano, O. 16,132). 

Constitution.— The action of hydroxylamino 
on camphor coupled with the fact that camphor- 
does not combine with NallSO, indicated that 
it is a ketone. The ready formation of benzene 
derivatives indicates a six-carbon ring. Its opti¬ 
cal properties are those of a saturated compound, 
V. also Tkki-enes. 

The two following formula) amongst others 
have been proposed for camphor: 
CH 3 .C(C s H,).CH 2 

I - | I (Schiff, A-226, 349 1 Kanon- 

CH.,.C(CH s ).CO * 

nikoff, J.pr. [2] 32, 511; cf. Kckuld, B. 6 , 931): 
CH r CH 1 .CXl.CH 2 

! | I . (Armstrong a. Miller, B. 

CIIj.CH.CHj . CMe.CO . 

16,2265). F. also TEnpr.NEs., 

Chloro - camphor C 10 H ls ClO. [95°]. From 
camphor and cone. HClOAq (Wheeler, Am. S. [2] 
45, 48; A. 146, 81). Crystalline powder (from 
alcohol); at 200° it givdS off HCl. Decomposed 
by alcoholic £gNO,. 

(a)-Chloro-camphor C 10 II P5 ClO. [84°]. (C.); 
[93°] (B.). (246°).[o]j = 90°. Formed by passingdry 
Cl into a solution of camphor (760g.) in absolute 
alcohol (230g.) (Cazeneuve, C. B. 94, 1530; Bl. 
f4ij)8, 9; 44, 161). Formed also by heating 
chloro-camphor carboxylio acid (Schiff a. Pnliti, 
B. 16,887; Balbiano, G. 17, 95). Hard, brittle, 
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monoclinio needles; smelling liksoamphor; cola- 
tile with steam. Not decomposed by alcoholic 
AgNO,. Sodium-aqialgam reduces it to cam- 
phorj the coppor-zino couple, and hot soda- 
lime, act similarly. Alooholio KOH at 180“ 
gives borneol. Phenyl - hydrazine forma 
C,oH, s (N 3 HPh)(NjHjPh) [56=] (B.). 

(8)-Chloro-camphorC| 0 H ls ClO. [10ft°]. (246°). 
[ a ]j = 57°. Deposited efrom the mother-liquor 
after the preceding has separated (Cazeneuve, 
C. B. 95,1358; Bl. [2] 39,116). Soft, minute, 
needles, more soluble than the preceding; mis¬ 
cible with boilirfg alcohol. Not decomposed by 
alcoholio AgNO,, but converted by boiling alco- 
holio KOII into the preceding body. Pi«qyl- 
hydrazine produces the same compouAd [56°] as 
with the preceding ( 11 .). < 

(a)-Di-chloro-camphor C HI TI, ,C1,0. [96°]. S.G. 
4-2. [a]j = 57-3° (in alcohol or chloroform). 
Formed by passing dry chlorine for several hours 
into camphor dissolved in absolute alcohol at 
80°-90°. Tho product is ppd. by water and 
ciystalliscd from alcohol (Cazeneuve, C. B. 94 , 
730, 1058; Bl. [2] 37, 454). Trimetrio prisms 
(from alcohol); a:h:c = l-£358:l:l-4820; si. sol. 
cold, v. sol. hot, alcohol; almost insol. water 
but rotates upon it. Above 150° it blackens, 
giving off IIC1. Insol. HOAc (difference from 
camphor). It forms a liquid combination with 
aldehyde. 

(3) -Dichloro-camphor C,„TI, ,C1 2 0. [77°]. [a]i 
= 57-4" (in alcohol); fi06° (in CI1C1,). Ppd. by 
adding water to tho mother-liquor from which 
the preceding has crystallised (Cazeneuve, C. B. 
94, 1300; ]tl. [ 2 ] 38,-8). Crystallises from al¬ 
cohol with difficulty; v. o. sol. alcohol, ether, 
and chloroform; liquefied by ohloral hydj-ate 
(difference fvoiK tho preceding). 

Tri-ehloro-camphor C.JlpCljO. [54°]. [«]. 
«=61 u (in alee 1 Formed by saturating chloro- 
camphor wii'ii chlorine at 100° (Cazeneuve, C. B. 
99, Minute crystals, insol. water, boI. 

other menstrua. Gives oil HCl when healed. 

Bromo-camphor C,„H, s BrO. [7C°]. (274°). 
S.G. 1-44 Boo 88-5 (in a 7-37 p.c. alooholio 
solution) (Kanonnikoff, J. pr. [2] 32, 604). 
[a] D -139°. Formed by heating camphor di- 
bromide at 100° (Perkin, C. J. 18, 92; Maisch, 
C. C. 1873, 437). Monoclinio prisms (from 
alcohol); m. sol. alcohol, v. sol. CHC1, and 
benzene; m(>.y bo sublimed (Montgolfier, Bl. [2] 
23, 253). 

Beactions. —1. Sodium-amalgam reduces it, 
in alcoholic solution, to camphor; alcoholio 
KOII alsp gives camphor. Sodium added to 
its solution in toluene gives sodium camphor 
(It. Schiff, B. 13, 1407).—2. PCI, has no action 
even ab 100° (Schiff, B. 14, 1378; Kachler 
a. Rpitzer, M. 3, 206).—3. Heating with ZllCl, 
at 100 ° gives a mixture of p-xylene hexahydrido 
and a phenol C 10 H,,O apparently identical with 
tho carvaerol obtained by ‘the action of I on 
I camphor (B. Schiff,C. 13,1407).—4. Nitric acid 
fornv bromo-nitro-camplior and camphoric acid 
(Armstrong, B. 12,1358; B. Schiff a. Maisson, 
C. 10, 317).—6. Phenyl - hydrazine forms 
C, a H,,(N ! PhH)(N 2 PhH 2 ), [56°] (Balbiano, O. 
17, 95, 166). 

(«) -Di-bromo-oamphor O I0 HnBr,O. [116°]. 
Formed, together with the preceding, by heating 
bromo-eamphor (1 mol.) with Br (2 mols.) tor H 
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hoars at 180° (Eaa.S.; cf. Swarts, Z. [3] 2,*20S; 
B. 15,1622). Jrormed also by heating (6)-di- 
bromo-eamphor with gaseous HBr at 130° 
(Swarts, B . 16, 2136). Trimetrio orystals; 
a:6:c => -96:l:-52; si. sol. alcShol, ether, and 
petroleum. Less volatile with steam than the 
preceding. 

Reaciityis. —1. Sodium-amalgam gives cam¬ 
phor and eampholcnic sicid.— 2 . Cone. UNO, 
gives di-bromo-nitro-camphor (130°]. 

(g)-Di-bromo-camphor C,„H, ,Br,0. [Cl 0 ]. 

Formed, together with its isomeride, by the 
aotion of Br (1 mol.) on bromo-oamphor (1 mol.) 
for 7 hours at 120° (Kachler a. Spilzer, it. 3, 
208 p Z epliarovich. M. 3, 231; cf. It. So 1 1 i IT, (I. 
11, 17?; Moiffgolfier, Bl. [2] 23, 253). Trimetrio 
crystals, a:4:c —2*0085:1:1*5778 (Cazcneuve a. 
Morel, Bl. [2] 41,lGl) = l*9*14:l:l-558 (K. a. 8 .). 
V. sol. alcohol, ether, and petroleum. 

Reactions. —1. Alcoholic KOIT, or sodium- 
amalgam, reduces it to bromo-camphor, and 
finally to camphor.—2. Sodium and CO., form 
camphor carboxylic jcid.—3. Cone. UNO, givm 
camphoric, and hydro-oxy-eainphoric, acids, to¬ 
gether with bromo-fli-nitro-methano (Kachler 
a. Spitzer, il. 4, 664). 

(a)-Chloro-bromo-camphor 0„H„ClBr0. 
[98°]. [a]j=78 u . Formed by heating chloro- 
campllor [81“] with bromine in sealed tubes for 
5 hours at 100 '. White needles. Insol. water, 
sol. hot alcohol, ether, and CHC1, (Cazcneuve, 
Bl. [2] 44,115; C. 11. 100, 802). 

(fj)-Chloro-bromo-camphor , ,C! lii'O. 

[51-5°]. [a]j — 5 L°. Prepared by heating chloro- 
oamphor (1 mol.) with bromine (2 mols.) in 
sealed tubes for ono hour at 100' C. Hard, 
trimetrio crystals, a'.b'.c * 1*914,1:1*5395. Insol. 
water, v. sol. alcohol, v. sol. cues, CTJC1,, C,H, 
and CS, (Cazeuouvc, Bl. [2J 44, 115; C. It. 
100, 859). Decomposed by h\!)ug AgOAcAq 
(difference fro’n preceding). '*’•» 

Iodo-camphor C,„H,,,IO. [44°]. Formed, to¬ 
gether with NaCy and Nal, by the octiuff eff ICy 
on sodium-borneol dissolved in benzene (Ilaller, 
O. B. 87, 095). Monoclinic crystals, insol. 
water, sol. alcohol. Decomposes at about 150 *'. 

Nitro-camphor C,„lI,jNO, [83°]. Prepared 
by tho action of alcoholic KOH on bromo-nitro- 
camphor (Schiff, B. 13,1402; G. 10, 330; 11, 
21). Dissolves in aqueous alkalis, (lives a red 
colouration with Fe,Cl fi . HNO, gives a nitroso- 
compound. On oxidation with 1*10, it gives 
camphoric acid. By reduction it gives amido- 
camphor. Bromino forms C^HoNjBrjO,, ? 
[95°]. Cl forms similarly C M ll,.,b[,CI,0, ] ? 
[110°). Steam-distillation gives campnoricjtcid 
and anhydride and NIX,. This substance is 
probably a mixture of the two following 

(a)-Nitro-camphor C 10 H l:i (N0,)O. [101°]. 

[a]j (19*978 p.c. in benzene) —98'; (3*33 p.c. 
in alcohol) -7*5°. Formed,^together with its 
(d)-isomende, by tlffc action of SSn, On, Fe, or 
alkalis on either cbloro-nitrijcamphor dissolved 
in alcohol. Best prepared by using the ooppor- 
zino couple. The resulting zific-salt of mtro- 
oamphor is decomposed by HC1. The (ah 
compound is the less soluble in cold alcohol 
(Cazcneuve, G. R. 103, 275 ; 104, 1622; Bl. [2] 
47, 920), Trimetrio prisms. Decomposes at 
160°. Lfflvorotatory. Its rotation varies with 
concentration of the solution. It forms a com¬ 


pound with benzene. It reddens litmus, and 
decomposes oarbonates. Fe a Cl, colours its alco¬ 
holic solution blood-red. 

(fi)-Nitro-oamphor C,JI„(N0 2 )0. [98°]. 

[a]j (3*33 p.o. in benzer*,) -75°; (3*33 p.o. in 
alcohol) + 7*5°. Prepared as above. Soft,forn- 
like, crystals (fror* alcohol). Insol. water, sol. 
other‘'menstrua. Loss stable than tho (a)- 
isomeride. Fe. z Cl # colours its solutions red. 
Its salts are more soluble than tlioso of the 
(a)-compound.—NaA'. — ZnA',,: sol. water. 

(a) - Chloro - nitro - camphor C l „H ] ,CI(NOdO. 
[95']. [a]j = - 0*2°. From cliloro-oamphor [93.’] 
(1 pt.) and fuming IINO, (4 pts.). I,urge trime¬ 
tric prisms (from alcohol); n;6:c---2*022:l:l*475 
(the author does not say'whcthes tliqso numbers 
belong to this or to tho following body). Insol. 
water, in. sol. cold alcohol. Decomposes above 
100°. Reduced by nascent hydrogen to nitro- 
camphor (Cazcneuve, G. 11. 9(i, 589 ; Bl. [2] 39, 
503). 

(ft) - Chloro - nitro - campho r C, „H„C1(N0-) 0. 
[98"]. [a|j = 10*5' (in alcohol). Occurs in tho 
mother-liquor from which the preceding has 
separated. Soft crystals, v. sol. cold alcohol. 
Reduction gives nitro-camphor. Less stable 
than the (a)-isomeride, for alkalis remove Cl 
forming nitro-camphor even in tho cold. Not 
decomposed by alcoholic AgNO, (Cazeneuve, 
C. R. 98, 300; Bl. [2] 41, 285; 44, 101; 47, 
920)., 

(;,) - Bromo - nitro - camphor C,„H, ,BrNO,. 
[105*]. [<z]j — — 27°. Prepared by nitration ol 
bromo-camphor. Trimetric crystals, a:b:c=* 
2*0854:1:1*5423. Nearly insol. cold alcohol. 
By the action of alcoholic KOH or nascent H 
it gives nitro-camphor (Schiff, G. 10, 324; B. 
13, 1102 ; 14, 1377). 

Di-bromo-nitro-camphor C„,n„Br_(N0,)0. 
[130°]. Fro*'! (c'-di-bromo-camphor by nitra¬ 
tion (Kaclil ..* a. iSpbu^r, M. 4, 554). Trimetrio 
prisms or i:■**-*<il"s, a:b:c ~ 1*70:1:1*49.* Reduced 
by t ; r. and HOAc to amido camphor. 

Amido-camphor C|„H l; NO. (217°). Waxy 
solid. * Strong base of alkaline reaction. Pre- 
pareu my reduction of nitro - camphor with 
sodium-amalgam in alkaline solution. It reduces 
Febling’s solution, AgNO,, and HgCI,. With 
IINO., it produces oxy-camphor (Scliilf, B. 13, 
1404). On distillation ol tho hydrochloride 
of amido-camphor with steam, * dicamphyl- 
amine’ f). M H„NO, passes over and ‘camph- 
imido C, H^N rcnjnins in the retort. Dioam- 
phylaininv [100 J crystallises in noodles, 
insol. acids, volatile with steam., Oamph- 
imide forms crystallim ilakos, soluble in acids; 
nitrous acid converts its hydrochloride into 
‘ iliazo-campho ’ C,,H ,N*0 [74°] which may ba 
reduced by Zn id HOAc to amido-camphor. 
Diazo-camphor is converted by beat into ‘ de- 
liydro-camphor ’ G^IIhO [109 *] (11. Schiff, 

G. 10, 302; 11,171; B. 14,1375). 

Oxy-camphor (?) C„’I„Oj [155"]. Prepared 
‘by tho action of UNO, on amido-camphor 
(Schiff, B. 13, 1404). Colourless ci^stals. Vola¬ 
tile with steam. 

Wheeler’s chloro-oamphor (j.v.) gave with 
alcoholio KOH an * oxy-camphor ’ [137°]. 

The acetyl derivative [69°] of an 1 oxgj 
oamphor ’ [249°] is formed by oxidising aeeJyt. 
borneol. 
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An 1 oxy-campkor ’ [81°] is formed ty oxi¬ 
dising oamphene (v. Tebpenes) (Kaohler a. 
Bpitzer, A. 200, 358). 

V. also Cahpholbnio acid. 

‘ Nitro-oxy-camptyr,' v. Niteo-campholenic 
acid. 4 

Oyano-camphor v. Nitric of Oamphmi oab- 

BOXTLIO ACID. Y 

^hyljpamplior C,„H, 5 EtiO. (228°). S.G. 
is -94G. [o]j = lGl t> . From sodium-camphor 
and Ell (Baubigny, Z. [ 2 ) 4, 481). Oil. 

Isoamyl-eamphor C lli IJ r> {C s H ll )0. (278°cor.). 
Ml = 59’4°. From sodium-camphor and isoamyl 
iodide (B.). > 

1 Nitrohexoic acid' C„II„(NO ! )0.. i.e. 
Me.CH(NO.) > Cf Te,.CO,)'l(?) [115*J. From din itro- 
lieptoie acid and sodium-amalgam (Kulllicm, A. 
107, 45 j Kacliler, A. 191, 157). Beotangular 
four-sided columns (from water), ^onoclinic; 
b:c = 1: -0115; b - 85 30'. After several fusions 
it melts at Ill’S 0 . Quickly heated, it explodes. 

Reactions.—1. Dissolved in a littlo aqueous 
KOH, mixed with KNO, and dilute H.SO, a fine 
blue colour is formed. This colour is taken up 
by ethor; hence the body is probably akin to 
pseudo-nitroles.—2. Sn and IIC1 produce methyl- 
isopropyl ketone, liydroxylamine, and C0 2 .—3. 
Baryta in sealod tubes at 95° does not decom¬ 
pose it, but forms the basic salt CJX.BaNO,. 

Dinitrohexoic acid CJ1 1;1 ! NO ).(),? i.e. 
MeC(N.0 1 l.CMo.,.CO.,n (?) [215"J. ' Got by 

Kullhem by treating the rosiducs in tliej pre¬ 
paration of camphoric acid with strong Ii NO,, 
(A. 163, 231; Kachler, A. 191, 155). Mono- 
clinio plates; a\b\c = ’5735;}.; -6024; 0^70° 42'. 
M. sol. cold water, s. sol. hot water. Explodes 
when rapidly heated. Its ammonium salt 
gives with cupric acetate a bluish pp. sol. excess 
of the acetate (difference from camphoric acid). 
The free acid does not pp. cupriy or lead acetate. 
The neutral salts give a Ij.-oufcnt pp. with lead 
acetate. 

Salt.—BaA'.j3aq. Wedles. 

Reactions.—1. Deduced in alcoholic solution 
by sodium amalgam to mononitrolioptoj|) acid. 
2. Keducod by Sn and HC1 to methyl iso propyl 
ketone and hydroxylamino.—3. Potash and 
baryta heated with the aqueous acid in scaled 
tubes produce both nitro-heptoio acid and 
methyl isopropyl ketone. 

Hydro-oxycamphoronic acid 0 8 H h O„. [1G4-5 0 ] 
(Kachler, A. 191, 148). Needles. Sol. cold 
water. Tribasio acid. Give; no pp. with Bad, 
or fcaCl, and Nil,, even on boiling (difference 
from campUoronio acid). Cupric acetate gives 
no pp. until boiled when a bluish-green cupric 
salt is ppd. Lead acytate gives a white pp. 
soluble in excess. AgNQ, gives a white pp. 
soluble in hot water. 

S al t s.-NH ,H.,A'".- Call A"' 2aq.—Ca^A"’,. 
—Ba,A"V-Cu.,A"' r —Ag,A'". 

ISOMEEIDES JF CAMPHOK. 

Leevorotatory camphor C,JI, u O. [172° cor.]' 
(B.); [175°]‘ (C.). (204°). S.G. is -9853 (C.). 
[a|j- -47° (C.); -42° (H.). Occurs together 
with a terpene in the ethereal oil obtained from 
the leaves of fever-few, Matricaria Parihcnium 
(Chautard, G. R. 87, 106). Apparently formed 
areti by oxidising the Iaivorotatory terpene ob¬ 
tained by treating with alcoholic KOH the pro- 


ducf of the action of HOI oiAlsvoroiatory oil 
of terpentine (Biban, Bl. 24,19\ Obtained else 
by oxidising the tjomeola of madder, valerian, 
Ngai, and Bang-f’hien (Haller, C. B. 103, 64; 
104 ,66). HNO,‘ gives lmvorotatory camphoric 
acid [a]j - - 46°. The corresponding bromo- 
camphor is also lmvorotatory, [o]J = —128°. 

Inactive camphor C 10 H 18 0. [173*]. Got by 
oxidising inactive b&rjteol ( q . V .) with cold HNO, 
and then adding water (Armstrong a. Tilden, 
C. J. 35, 752). Also by oxidising inactive 
camphene with H_SO, and K a Or a O,. Heated 
with UNO, it bonus a camphoric acid, [203°] 
and giving when heated alone an anhydride, 
[223’]. 

Inaotivo camphor From Oil ojl JaTje. 0 )o H Itt O. 
[171 ]. (205° uncor.). When oil of sage is dis¬ 
tilled, the fraction 205°-208' :> deposits this 
camphor. It apparently only differs from ordi¬ 
nary camphor in being inactive, for:—1. PC1 4 
gives an oil which is converted by water into a 
wax-liko solid, [80°] whence Na forms a white 
fcfolid.—2. Boiled with HN£) S (2:1) it forms in¬ 
active camphoric acid [186°].—3. Dissolved in 
toluene and treated with «Na and CO* it forms 
inactive borncol, [200°].—4. Distilled with P a S s 
it forms cymene (M. M. P. Muir, G. J. 37, 685). 

* Racemic ’ camphor C 20 H 3 .,0 2 (?). [179°]. 

This name is given to the product of the oxi¬ 
dation of a mixture of equivalent quantities of 
lrovo- and dextro- rotatory borneol, and is 
therefore inactive by compensation, as racomio 
acid is (TIallcr, G. R. 105,66). It gives a bromo- 
derivative [51°] and a camphoric acid [205°]. 
Tho ‘racemic’ camphor, bromo-camphor, and 
camphoric acid were also prepared by mixture 
and found to be identical with the abovo. They 
differ in soluWlity as well as in melting-point 
from the active compounds. The borneol of 
amber, and eloquently the camphor derived 
therefrom, appear to bo a mixture of dextro- 
aml hevo-rotatory varieties in unequal propor¬ 
tions* * 

Camphors, or bodies resembling camphor, 
have been found in many essential oils, c.g. oils 
of alant (p. 1)4), absinthe (p. 2), chamomile, 
eucalyptus, lavender, nutmeg, rosemary, &o. 
When a camphor is converted into borneol, the 
rotatory power of tho resulting borneol varies 
with each operation, but tho camphor regene¬ 
rated by oxidising the borneol has in each case 
the rotator/' power of the original camphor 
(Montgollior). According to Ilallor (G. R. 105, 
228) this may he explained by supposing that 
the resulting borneol is always a mixture of 
a stable borneol rotating in the same direction 
as the original eampnor and of an unstable 
borncol rotating in tho opposite direction. 

CAMPHOR-CARBOXYLIC ACID C,,H u 0 8 ‘ 
[129°]. Formed as a by-product in the pre¬ 
paration of borneol from camphor by the action 
of Na on a solution of camphor in toluene, 
the product being* treated with C0 2 . It is 
produced by tho union of C0 2 with sodium- 
camphor (Baubijny, Z . [2] 4, 481, 647; A. Ch . 
[£} 19, 221; Kachler a. Spitzer, B . 13, 1412; 
M. 2, 233). Long colourless monoclinic pyra¬ 
mids. Sol. water. Decomposes below 100° 
into C0 2 and camphor. 

Reactions. —1. Boiling AoCl forms C 22 H J< 0 4 
[196°], crystallising in needles.—2. P,0 4 , acting 
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ob Its solution to CHOI,, forma 0„H„O. [285°T. 
8 . PCI, forms C^Cl, [46°] which separates 
from ether-aloohorm trioUnio orystals a:b\c = 
X: -8Q4: -47. • 

Salts.—NaA'.~BaA' r —PbA'„* 

Ethyl ether EtA': (276 > uncor.); S.G. 
a. 1-062; oolourless fluid (Roser, B. 18, 8113). 

Nitrile 0 12 CyO. Cyano-camphor. [128°]. 
(260°). Formed by passing cyanogen into a 
mixtnre of camphor and sodium-camphor din- 
solved in hot toluene; extracted by shaking 
with aqueous NaOH and ppg. by HOAo. Rect¬ 
angular prisms (from ether); sol. alcohol, ether, 
and HOAo. Contains an atom of hydrogen 
displaceable by Na or K, forming unstable salts. 
Cono. HC1 at-,100° converts it into camphor 
carboxylio acid.,Oxidising agents give IlCyand 
camphoric acid. Alcoholio NaOII slowly con¬ 
verts it into the ether of camphor carboxylic 
acid (Haller, C. 72. 87, 843; 93, 72; 102 , 1177). 

Chloro-oamphor carboxylic acid C ll TT l CIO i . 
Formed by passing Cl into a solution of sodium 
camphor, carboxylato (ffcliiff a. Pnliti, 11. 10, 
887). Flocculent pp.; decomposes on fusion 
into CO, and chloro-camphor. 

Bromo-camphor carboxylic acid CnH^BrO,. 
[110°]. From camphor carboxylic acid and J!r 
(Silva, B. 6 , 1092). Both the acid and its salts 
readily decompose into CO, and bromo-cam¬ 
phor.—JJaA',.—AgA'. 

Oxy - camphor oarboxylic acid C..II,,0.- 
[160°]. [a]„ = 59°. Formed by boiling the 

nitrile of camphor carboxylic acid with aqueous 
KOH (Haller, C. 72. 87, 929). Nodules (from 
ether).—CaA" 6 aq.—BaA" Gaq. 

CAMPHOR DICHLORIDE C, r TT, 6 Cl,. [155°]. 
Prepared by the action of PCI. on r ■ rodior in the 
cold: O, 0 H lu O + PCI--1 > OC1, + C 10 II„C) (Spitzer, 
B. 11, 363, 1819; 3t. 1, 319). formed also 
by chlorinating bornyl chlorido fl\. -Jjlor a. 
Spitzor, A. 200,361). Feathery trimelric needles; 
a:b\c = -917:1:1-686. Easily soluble in alcohol 
and ether. Easily splits off HC1. 

CAMPHORIC ACID CjJInO, i.e. 

CH,—CPr—CO.H 

0,H u (C0 2 H ) 2 or | | ' (Hcliiff) 

CH,,—CMo —CO..TI 

or Fr.CH(CO l H).CH,.ClI:CMe.CO,.Ti (W. Boser, 

A. 220, 278). Mol. w. 200. [18li°J. S.G. 1 - 19 . 

8 . *625 at 12°. B qq 83-14 (in a 1 p.c. aqueous 
solution) (Kanonnikoff, J. pr. [ 2 ] , 349 ). 

[°]d“ 46°. Formed by boiling camphor or cain- 
pholic acid with cone. HNO, (Kosegarlen (1785); 
Laurent, A. Ch. 63, 207; Malaguti, A. Cli- 64, 
151; A. 22, 60; Wreden, A. 163, 323; V. Moyer, 

B. 3,116; Kachler, A. 162,262). It is best to use 
the mixture of camphor and borneol obtained by 
the notion of Na on camphor (Maissen, G. 10, 
280). Formed also by the oxidation of chloro- 
or bromo- camphor with alkaline jjprmangnnate 
(Balbiano, G. 17, 240).* Monoclinic orystals; 
the rotation in alkaline solution has boon 
studied by Thomsen (<7. pr. [2] 35, 167). The 
refractive power indicates a double Uhion, which 1 
does not agree with Setoff's formula. 

Reactions. —1. Heat splits it up into water 
rod an anhydride.—2. Water at 180° changes it 
Into meso-camphorio acid.—3. Fuming HC1 at 
400° forms C,H a and C 8 H„ (Wreden, A. 187, 
169).—4. Cono. HIAq at 200° gives xylene totra- 

Yop. J. 
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hydride and hexahydride (W.).—R. By the action 
of ZnClj xylene tetrahydnde 0,B, 4 is produced: 

f-'aB M (CO i H) g = O s H M + 00 3 +CO + HjO. 

The same hydrocarbon is produoed by the aotion 
of ZnCl, on ammonium t (mphornmic acid: 

O, ijH, |0 ; (N IT,.) (O NH,) + ZnClj + H 2 0 - 
2Nn i Cl+^nO + CO + 0O J + C,H , 1 (Ballo, B. 12, 
324).— 6 . The ammonium salt distilled with 
I*A gives a terpene C(Balhr, A. 19% 82*). 
7. Cono. II,SO, forms CO and 1 sulphooam- 
phorio acid.’ - 8 . Cono. 1 1 XO, gives canipho- 
rouic acid. 9. Golosh-fusion gives pimelio aoid 
l-’r.CH(CO,lI).CIi,.CO.H and an acid C,„H ls O, 
(JJlasiwotz a. Crabowsky, A. 145, 205).— 
10. Distillation with soda-liiyr. gives camphoric 
anhydride and pho'rono C.,11,,0 (Mayer, 7J. 3 , 
117). Distillation of camphoratos gives similar 
results. 

Salts. — (Tjpmper, Ar. Ph. [2] 110, 106; 
117, 23). NH J HA"iaq.-(NHJ,A".-Li 1 A".— 
Na.A".—KjA": deliquescent. —MgA"7iaq. 8.40 
at 20°.—MgA"12aq.—MgA"131,aq.—CaH,A"..— 
®uA" 4’aq. - CaA" 7aq. — CaJT-A", 8 aq. — 
Ball.A', 2,-iq. -BaA"aq ; needles and feathers 
(Kingzelt, G. J. 45, 93).—BaA''4,laq.—ZnA".— 
PbA". CuA".—Ag a A". 

Ethyl-ammonium salt (NII s Et) 2 A": 
small needles (from alcohol). Converted by 
PCI, into camplioric di-ethyl-imidine. 

Mono-metliyl ctlur MelTA". [ 68 °]. 
Mj—51-4°. Trimctric prisms (from ether); 
gives ca-|iphorie anhydride when distilled. V. 
si. sol. water (Loir, A. Ch. (3] 38, 483). 

Mono-ethyl ether EtllA". S.O.— 1-095. 
Syrup. 

Di-ethyl ether EL, A". (280°). 8.O.M1-029. 
Formed, together with camphorio anhydride, by 
the distillation of the mono-ethyl ether (Mala- 
gnti, A. Ch. [31 64, 152; 70, 360; Meyer,. B. 

3, 118). Liqnii Cuh, p.e produces a tetra- 
cliloro- derivative (C-TI 3 Cl 2 f 2 A". 8.(1.14 V386. 

Chloride 0 :ri T[ ; ,0X1,.° Heavy oil, decom¬ 
posing at 200° (Moitessier, A. 120, 252). 

Anhydride C„,H u O;,. [217°]. (above 270°). 
8.0. — 1-194. [a] D = — 7-7° (in bonzene). 
Formed by heating camphorio aoid or its salts 
(Bouillon-Lagrangc, A. Oh. 23, 153; Laurent, 
A. Ch. 63, 207; Malaguti, A. Ch. 64, 151; 
Bin men au, A. 67,119; Monoycr, ,7. Ph. [3] 45, 
177). Formed also from camphorio acid by the 
action of H inol. of) PCI, (Geriiardt a. Chiozza, 
A. 87, 294), ,-t cone. of Ac,0, or of AcOl. 

(Anschutz, 7?. 10,*1881). Long trimetrio prisms 
.(from alcoliol) (Montgolfier, A. Ch. [5]*T4, 5). 

V. si. sol. water, v. sol. alcohol, v. o. sol. ether. 
Slowly converted by boiling water into oam- 
phorie acid. Tlie statement of Brodie (Pr. 9, 
301 ; 12, 655) that ]|arium peroxide formed 
camphoric peroxide has been denied by Kingzett 
(C. J. 45, 93). 

Amide C i H,,(CONH 2 ) 2 . - Amorphous mass 
(Moitessier, A. 120, 253). 

Imide C,H h :C ; 0.,:NH. [180°] (iit> sealed 

tubes, Ballo, A. 197, 332). Formed by heating 
aflimonium camphoramato at 160° (Laurent, 
Compt. chim. 1845, 147; A. 60, 327). Lamina. 
May be distilled. 

Ethylimide C,H u :0 2 0 2 -.NEt. [60°]. 

(275°). Colourless orystals. Prepared By dii- 

XX 
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tilling ethylamine camphorate (Wallaoh a. 
Kamenski, B. 14,164; A. 214, 248). 

Allyl-imide C,H u :C,0 1 :NO a H s . [49°]. 
Formed by heating camphorio acid with allyl 
thiocarbimide. Infol. water, eol. alcohol and 
•ther. r 

Phenyl-imide 0,E 1 ( :0,0,:NPh. [116°]. 

Formed, together with phonyl-canlphoramio 
acid, )iy warming camphorio anhydride with 
aniline (Oerhardt a. Laurent, A. 68 , 35). 
Needles (from ether); insol. cold water. 

Di-ethyl-imido-imidine C„H,„N,0 i.e. 
,0 = NC 2 H, 

0,H„< >NC a H s (286°). . S.G. 14 1018. 

Nj-o , 

Liquid ^y. c', sol. wator. Pps. salts o( Cu and 
Fe. Prepared by the action of PC1 S on ethyl- 
amine-camphorate or by the action of etlivl- 
/COl, 

amino on the chloride (0,HX >NEt) obtained 
x CO 

from PCI, and oamphorio-ethyl-imide. By IIC1 
at 200 ° it is decomposed into ethylamine anil 
camphoric-elhyl-imido. Salts.—ll'HCl: deli¬ 
quescent crystals. B'lII: sparingly soluble 
needles.—(B'UCl)...PtCl,. Its cthylo-iodide 
B'Etl: [245“]; forms long colourless prisms 
(Wallach a. Kamenski, B. 14, 162; A. 211, 
242). 

Nitrile C,H,,(CN) 2 . Formed, in small 
quantity, together with hydrocarbons CJI,, and 
by distilling ammonium camphoranmto 
with P 2 0 5 (Ballo, A. 197, 394). Crystalline; 
insol. water. 

Camphoramic acid CJI n (CONIi,)(CO.Jl). 
So-called 1 amido-camphoric acid ' The ammo¬ 
nium salt is formed by the action of NIL, on 
an alcoholic solution of camphoric anhydride 
(Laurent, Compt. chim. 1815, 147; A. 00, 320). 
Trimetric crystals; m. sol. hot water, v. sol. 
alcohol.—NH 4 A' aq. When heated with 

dry ZfiCl 2 it gives xylene totrahydride and ater- 
• pene (Ballo, B. 12, 82-1). ■—FbA’ 2 .—AgA'. 
Phenyl-camphoramio aoid 
C g H u (CONPhH)(C0 2 II). Formed by boiling the 
phenyl-imide of camphoric acid with alcoholic 
NHj, or camphorio anhydride with aniline. 
Needles (from alcohol); v. si. sol. boiling wator. 
—AgA' (Laurent a. Gerhardt, A. 68 , 30). 
Bromo-camphoric anhydride 
CO 

0„H,,Br<^£Q^>0. From camphorio anhydride 

yi (10 g.) and Br (15 g.) at .130° (Woringer, A. 227, 

3) ; an additive compound C).H, ,0,Br., appen rs 
to be first formed (Wreden, A. 163, 330). Tri- 
metria crystals (from chloroform). n;5:c=*| 
*8866:1: *6766. Nil, gives the imido of oxy- 
camphorio acid . 1 

(a)-Oxy-camphono acid C, 0 H,„O,. Formed, 
together with pimelio acid, by fusing camphor 
with KOH (Illasiwotz a. Grabowski, A. 145,212). 
Thick liquid; the salts are amorphous. 
(/3)-Oxy-campb ric acid C 10 ll 1 B O, „ 
Anhydride C,,H u O,t.e. 

G a H„(G']i):C,0,:0 (?) Gamphanic acid. [201°]. 
Formed by boiling bromo-camphoric anhydride 
with water (Kachler, A. 162, 264). Monoclihio 
prismB (containing aq or 2aq) (Griinling, 4.227, 

4) . Sublimes at 110°. Decomposed on distil- 
lation giving CO„ lauronolic acid C,H, ,0,, and 
l pampbo-lacton* ’ C,U„Q r Water at 180° 


splits it up into CO, smd C,H,, (119°).— 

Ba(O, 0 H„O J 2 l^ a 9 -*'~Cd( 0 , ll Jl ]:i 0 ,) 2 3aq. 

Ethyl ether EtO,„H ls D,. [63*]. From 
bromo-camphorio anhydride and alcohol at 150°. 
Prisma. r 

Imiit CjoHnNO, i.e. 0,H„(0H).*C 2 0 2 :NH (?) 
[208°]. Amido - camphoric anhydride. From 
bromo-catnphorio anhydride and cono. NH,Aq 
at 150° (Wreden ,A. 163, 339). *Long needles 
(from alcohol). Sublimes at 160°. Converted 
by nitrous acid into the anhydride. 

Oxy-camphoramic acid C 10 H„NO, i.e. 
C,H„(0H)((J0NH 2 )(C0 2 H). 1 Amido-camphorie 
acid.' [160°]. Formed by boiling the imide of 
oxy-camphorio acid with dilute KOH (Wreden, 
A. 163, 340). Prisms containin^aq (from alco¬ 
hol). On fusion it is converted into the parent 
imide. Converted into oxy-clmphorio anhy- 
drido by HNO„ by cone. HClAq, or by H 2 SO,. — 
CaA',2aq. 

1 Sulpho - camphoric acid’ so-called. 

C,H„SO,. [160°-165°]. Sulphacamphylic 
acid. Formed, together with CO, by heating 
camphorio acid or anhydride with cono. ILHO, 
(Walter, A. Oh. [3] ij, 177; Kachler, A. 109, 
179). Triclinic prismB (containing 2aq); 
a:b:c~ *8515:1:*7590; n^82°39'; 8 121° 10'; 
7 — 111 ° 36' (Kcpharovich, Site. B. 73, 7). V. e. 
sol. water, alcohol, and ether. IINO, (S.G. 
125) converts it into C.II, 2 SO,. rotash-fusion 
gives C,,H 12 0., [148 ’], insol. cold water, but sepa¬ 
rating from alcohol in monoclinic crystals. 

Salts. - (NlI,).A"aq. -K..A". — CaA". — 
BaA". — PbH,A", 4aq: trimetrio. — PbA". — 
BaCuA",.—Ag.'A^'. 

ISOMRUIDES OF CAMPIIOItlO ACID. 

Levo > rotatory camphorio acid C 10 H ]s O,. 
(186°]. [a]j=—46*3° (in alcohol). Formed by 
the oxidation of hevo - rotatory (Mj=—38°) 
hornet;),, h the corresponding camphor, by heat¬ 
ing for several hours with a large excess of 
’i::0 3 (S.G. 1*27) (Chautard, G. B. 37, 166; 
Ilaller, C. R. 103, 64). ltescmbles camphorio 
acid in all respects except that its rotation 
though equal is opposite. 

Inactive camphoric acid (G lo n„0,) r [204°]. 
S. 1; S. (alcohol) 33; S. (ether) 28 (C.). 
Formed by heating inactive camphor with UNO, 
at 100 °, or by mixing equal weights of dextro- 
and lmvo-camphorio acids (Chautard, O. if. 66 
698; .!,rrnstrong a. Tilden, O. J. 36, 757 * 
Haller, C. if. 105, 66 ). Less soluble than its 
isomerides. 

Diethyl ether Et z A'\ (270°-275°). S.G. 
H i03 (C.). 

Anhydride (C l 0 H u O,) 2 . [223°] (A. a. T.). 
S. ^chloroform) 25; S. (ether) 4; S. (alcohol) 1*5 
(O.). Formed by heating the acid. 

An inaotive camphorio acid [186°] was ob¬ 
tained by l^uir (C. J. 37, 685) by oxidising the 
camphor of oil of sage 

Meno-camjjboric aoid C, 0 H„O ( . [118°]. 

Formation.— 1. Formed by heating dextro- 
camphoria aoid (5g.) with (20 o.o.) fuming HC1 
at 140° for 30 hours (Wreden, Z. [2] 7, 419; A. 
163, 328; B. 6, 665).—2. By heating dextro- 
camphorio acid (5 g.) with HI (30 a.o. of S.G. 
1*6) at 160°.—3. By heating camphorio aoid 
with water at 200° (Jungfleisch, B. 6, 268, 680). 
4. Together with ‘ sulphocamphoriq aoid’ by th# 
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wtion ol HjSQj on camphor. Occurs also in 
small quantity*in the preparation of oamphorio 
aoid from cactphor and HNO. (Kaehler, I. 169. 
179 i 191,146). . 

Properties.— Crystalline, 4 >ut separates from 
alcohol and ether as an oil. More soluble than 
ordinary oamphorio acid. Oono. H 2 SO ( converts 
it on warming into ‘ sulphocamphorio acid.’ 
When hdhted it gives the anhydride of ordinary 
oamphorio acid. Boiliffg Hilute HC1 changes it 
into inactive camphoric aoid. 

CAMPHOKIDE C, tt II, 2 0 8 . [222°]. Occurs to¬ 
gether with galangin and alpinin in tlie galanga 
root ( Alpinia ojjicinarum). Flat yellow needles 
(containing aq), sublimable. Sol. hot alcohol, 
ether, and jpietio acid, si. sol. ohloroform and 
benzeno, insol. water. Dissolves in alkalis. On 
oxidation \tith diluto UNO, it produces anisio 
and oxalic acids. 

Salts.—A"l’b : yellow amorphous pp.— 
A'Tb.O.—A"Ba2aq: orange pp. 

Di-acetyl derivative C, B H,„0,(0Ac)... 
[189°]. Colourless orystals. Insol. water. Jjl. 
sol. alcohol. • 

Di-benzoyl derivative C,JI,„0,(01iz),. 
[186°]. Fine white needles. Scarcely sol. alcohol, 
insol. water. 

Di-bromo~derivative C„ 1 II I „Bi\,0, i . [ 22 5°]. 
Yellow needles. 81. sol. alcohol (Johns, B. 11 , 
2385). 

.CAMPH0R-1MID0-ACETIC ETHER 

C„H 21 N0 4 i.e. C»H, 1 <^y>N.CH,COJ’,t. [ 8 ( 1 ’]. 

Formed by adding a solution of CII 2 Cl.C0 2 Et to 
a solution of sodio-camjdiorimide in absolulo 
alcohol. Largo transparent crystals (from alco¬ 
hol), sol. ether (Ilallcr a. Artli, C. R. 105, 
281). 

CAMPHOR OIL. An oil obtained, together 
with camphor, by distilling tjjc wood of Laurus 
camphora with wator. It con. ’ '■j chiolly of 
‘ camphorogcnol ’ but contains also sever..! 
terpones [q. v.). 

Camphorogcnol C 10 H,„O 2 or C l 0 H„O 2 or 
C|„H,,0aq (?) S.G. S'! 9794. [«]; =2<J-6’. An 
oil, v. e. sol. alcohol and other. UNO,, acts upon 
it forming a small quantity of camphor. Cr(>., 
aots similarly. Excess of cone. UNO, gives 
oamphorio acid [180“], [o]j - 40'3°. Ac.,0 lias no 
action. Sodium reduces it, in alcoholic solution, 
to bornool, [198°], (212°), [aJj-22-9’. With 
ZnCl, it yields cymene (Yoshida, C. J. 47 , 78r>; 
Oishi, c. N. 50, 275; Wallneh, A. 227, 290; 
Lallcmand, A. Gh. [ 8 ] 57, 401). 

CAMPHOR-PHORONE v. Fiiorohb. 

CAMPHORONIC ACID G.TI, ,0„. Mol, w. 
218. [137°] Formed by oxidising campliolio 
or campliagic acids (Bredt, B. 18, 2989). 

Preparation. —From camphor and UNO,. 
Present in tha mother liquor from which ciun- 
phoronio acid has separated. Obtained by means 
of the barium salt Of adder) 2 nd purified by de¬ 
composing this with HOI, extracting with ether, 
boiling off the ether, dSsolving in water, 
neutralising with lime and boding. Tlio qmro 
calcium salt then separates (Bredt, A. 226,251; 
cf. Kaehler, B. 7, 1728 ; A. 1 59, 286 ; 162, 26»; 
Kaehler a. Spitzer, M. 6,173). , 

Properties. —Crystallinoaggrogates of needles, 
v. e. sol. water, alcohol, and wet ether, si. sol. 
pure ether. Produces on distillation CO t , iso- 
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butyric aoid and the anhydride 0,H,A [135°J 
whioh forms trimetric orystals, a:b:o m -96:1: -89 j 
sol. water, alcohol and ether. This anhydride 
forms with NH 3 the compound C„H,,(NH 4 )0. 
[o. 128°], v. sol. watej*. ^ 

Reactions— 1. AcOt gives C 0 H l 8 O 4 and then 
the anhydridd^p, 8 H w 0 9 [176°]; crystals, insol. 
cold, alcohol and ether; reconverted into cam- 
phoronic aoid by boiling alkalis.—2. Br Jit 130° 
gives oxy-camphoronic acid.— 3. P&tasH-fusion 
fjives isobntyric acid.— 4. Aqua-regia forms two 
acids CJI 18 0 # .—5. KMnO, gives HOAc and an 
acid OJI...O* (Kaehler, il/. 5, 415).-6. ThejCa 
salt distilled with lime gives a ketone C-H, 3 0* 

Salts. N 11,11., A'": [128 >]. — (NH^HA'": 
[148°].—K,IFO # "aq. - Cft a A ,/# s l 2 aq.-< BalIA'"aq: 
m. sol. water.: insol. water.—Ba.. A'"., 6aq. 
-Ba 3 A'" 2 10aq. - ZnllA"': v. e. sol. wator.— 
C«1 HA'" Caq. — l’b A , 7 o4aq. — Cn. t A'".. 2aq. — 
CuliA"'23H« 1 .-Cu 3 A' Ag.A'".—Ag,HA"'aq. 

Mono-ethyl ether. —Theanhydride(302°) 
(or anhydrides liquid and solid [07°], Hjelt, 
B. 13, 797) C u II u Et0 3 of this ether is formed 
! together with alcohol by distilling the di-ethyl 
ether. 

Di-etliyl other KtJLVFrom the acid, 
alcohol, ami TIC1. 

Tri-ethyl ether Et 4 A'". (302°). From 

Ag 3 A'" and EtI. Liquid. 

Chloride 0 [I H 11 ()C1. [131°]. Needles, si. 
sol. water, sol. alcohol and ether. 

Mono-amic acid CJI,,(CONLL)(C0 8 H) 2 . 

Anhydride C.,H U N0,. [212 J J. From liquid 
mono-ethyl camphoronalc and alcoholic NH, 
(Iljolt, B. 13, 798). # By the same treatment the 
solid ethyl camphoromito gives a compound 
C„n, 6 N.,0 4 (? di-amic acid) crystallising with 
HOEt. It melts at [145"], and is converted by 
boiling IIOlAq into camphoronio acid. 

Di-antic ac.d C u II li .N 8 () l i.e. 
C H II n (CO>:iJ,),{ ; . • («• 100"]. From di- 

' ethyl caiiiphoronato*ami NTT., at # 120° (H.). 
HClAq converts it ini*a compound C u H,.NO. 
[212°]. 

Constitution.— Cumphoronic acid appears to 
contafti 3 carboxyls: 0 h lI ll (CO 2 H) 3 , as shown 
] by tho salts and ethers. AeCl gives no acetyl 
. derivative. Tho formation of an anhydride by 
distilling the ether does not prove it to be lac- 
tonic. l’olash-fusion produces iso-butyric aoid, 
hence it contains isopropyl. Since it does not 
split off (XL on distillation, tho carboxyls must 
bo attached to different carbon atoms. Hence 
it ib h *pro£yl-trf-carbo Hylic acid, • 
CH.,(Cu..II),CPr(CO., 11).0H 2 .C0„H or 
CH“(C0..1I).CII(COJ I).C1 IPr.tlOgH. 

Oxy - camphoronio acid 0„ll, 8 O tt . [o. 210°]. 
Formed by heating can.phorouio acid 0 B H 14 0* 
(1 mol.) with Br (1 n.ol.) for two hours at 130° 
(Kaehler, A. 290). Monoclinic crystals 

(containing a i),a:b:c 1-1918:1 :-9808; /3 = 8 G° 50'. 
According to Zepharovich (J. 1877, 641) they 
t are dimorphous. V. sol. water, alcohol, and 
•ether; may be distilled. 

Salts.—KI1A" aq. crystals.—I^A": gummy, 
—BaA"aq: pearly plates.—Fb^GgH^OJj, 2aq.— 
Ag 2 A". 

Hydro-oxy-camphoronic acid v. Camphob. 

CAMPHOROXIM C,„U„NO i.e. C 10 H„;N.OH. 
[IIS’], (c. 250’). Formed by the action of 
hydroxylamiue on camphor (Nigeli k B. 16,498). 

XX3 
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Long needles. Smells like camphor and rotates 
on water. Sol. alcohol, ether, aoids and alkalis. 

Reactions. —1. Hydroxylamine is not split off 
by heating with aqueous HOI even at 120°.—2. 
By heating with acetyl chloride it loses H 2 0 
yielding the nitrile offcampholanio acid 0„,lI„N 
(Goldschmidt a. Ziirrer, B. 17, 2009).—0. Is re¬ 
duced in alcoholic solution by metallic godium 
-CI1 2 

to Kjrnytamino | . The oxim- 

\CH.NIL. 

anhydride is reduced to the isomeric camphyl- 
ainine (Leuchart a. Bach, 73. 20, 111). 

' Hydrochloride C, o n„,NOTI,HCl: white 
powder, si. sol. water, v. sol. ale mo! and acids. 

Sodium salt.—C’„ l H 18 N(0^a): white pow¬ 
der, v. sol.•LotVater and hot alcohol. 

Ethyl ether O lo U, a N(OEt): (200°); mobile 
liquid. 

Anhydride C 10 1I„N: (217°),liquid; formed 
by heating camphoroxim with acetyl chloride. 
Is the nitrile of Casipiiolenio acid (q. n.) (Niigeli, 

B. 16, 2081). 

Isocamphor-oxim i 3 the amide of Cammo- 
tENIO acid (q. v.). 

CAMPHO-TERPENE v. Teupenes. 

CAMPHKENE ?>. I'iiobone. 

CAMPHItESIC ACID or CAMPHRETIC ACID 
so called by Schwanort (A. 128, 77) has linen 
shown by Koehler (A. 1!>1, 14!)) to bo a mixture 
of camphoric and camphoronio acids. 

CAMPHYLAMINE C,„H„N possibly 
0 > H„(C11 2 NH 2 ):CII 2 (195°). Prepared by adding 
metallic sodium to an alcoholic solution of 
campholenic nitrilo (camphor-oxim-anhydride). 
Colourless liquid. Volatile with steam. Readily 
absorbs CO- from the air and solidifies to a 
crystalline carbonate. Primary base. 

Salts.—B'.dICLL’tCl,: glistening golden 
plates, nearly insol. water.—B'iiClHgCl 2 : 
colourless orthorhombic plate ; sol. hot water.— 
B'CjHjOjlaq: [191 1 '], $>5urlcss orthorhombic 
glistening crystals, )’■ sc'., hot water.— 

B' 2 H 2 SO,aq: long rhombic prisms, m sol. cold 
water.—li' 2 II 2 Cr 2 0,: orange-red plates.—The 
picrate forms fine yellow needles, [19([]’-194"j. 

Bemoyl derivative C„n„NBz: [77“J, 
colourless prisms (Goldschmidt, a. Schulhof, 73. 
18, 3297 j 19,708; 20,483). 

Isomeride v. Bmmvi, amine. 

CAMPHYL-PHENYL-THIO-BREA 
BCfNHGjHJJNHCuli,,). [118 u j. Formed by 
combination of phenyl-thioearbimido and cam- 
phjflamine. Short colour'-ss pijisnu. V. sol. 
alcohol and benzene, si. sol. ether*,' v. sol. ligroin 
(Goldschmidt a. Sohulhof, 73. It), 712). 

CAMPHYL - DI - THI0 - CARBAMIC ACID 

C, 0 H„.NH.CS.SH. The c am phyl amine 
salt, C 1 ,H„.NH.CS>II' J (C,„H„), is formed by 
mixing camphylamino with CS-. White 
powder,[110°-11C“],sol.benzene. The sodium 
salt O l 0 II,,.NH.CS.SNa forms white glistening 
plates, sol. cold, decomposed by hot, water 
(Goldschmidt, 73.19, *12). 

CANADA BALSAM Exudes from incisions 
in the baric of Abies balsamca. Transparent 
thiok liquid with refractive index (1-632) nearly 
the same as that of crown glass. Dextro¬ 
rotatory. Steam-distillation separates a lavo- 
rotatory terpene (167°), which forms a crystal- 
• this compound with HC1 (Donastre, J. Ph. 


8, 572; Galliot, J. Ph. 16,436; Wirzan, Diner, 
tation, Helsingfors, 1649). ( 

CANAD0L. A term applied by Vohl (D. P. J. 
172, 819) to that portion of the volatile hydro¬ 
carbons of Canadian and Pennsylvanian petro¬ 
leum which boils at 60° and has a S.G. '65 to 
■70. It is also called petroleum-ether or ligroin. 
It consists ohiefly of n-hexane. 

CANANGA OIL. Alan-gilan. From Can - 
anga odorala. NeQbttl oil (170°-290°). It con¬ 
tains benzoyl and acetyl derivatives, a compound 
that unites with NaHSO.,, and probably a phenol 
(Fliickiger, Ph. [3] II, 934). 

CAN ARID In. The fixed oil of Canarium 
commune contains 61 p.o. olein and 49 p.o. 
stearin and myristin (Oudemans, J. pr. 99, 407). 

C.INADBA WAX v. CaunaubV 

CANE SDGAR v. Suoab. > 

CANNABIS INDICA. Indian hemp when 
distilled with steam yields an essential oil 
0,,H 2 , (257°); V.D. 7-1; S.G. *-93; [«]„- 
- 10-81 at 25-5° (in chloroform). The oil resini- 
fies on exposure (Valenta, G. 10, 479 ; 11, 196; 
ty. Martius, C. C. 1850, 225 ; Personno, J. Ph. [3] 
31, 40). HNO a (S.G. 1-32 to 1-42) acting on the 
resinous extract of Indirn hemp forms *oxy- 
oannahene ’ C ,,TI, ( ,N-0, (Bolas a. Francis, G. J. 
22, 417; C. N. 24, 77). This separates from 
methylated spirit in flat yollow prisms [176°], 
insol. water, si. sol. alcohol. Indian hemp, and its 
alcoholic extract, contain a poisonous resin (T. 
a. H. Smith, Ph. 6, 127, 171 ; Martius). "Hay 
(Ph. [3] 13, 998) has extracted a crystalline 
alkaloid 1 tetano-eannabine ’ which produces 
tetanus in frogs. Tho fixed oil from hemp-seed 
( Cannabis sativa) itf probably a fatty oil, though 
Lefort (O. 11. 35, 734) gives it the formula 
C,,H 22 0 2 and describes C,,H. 0 Cl 2 O 2 and 
C„H 2( ,Br 2 0 2 !.j products of substitution. 

CANNON-METAL v. Coppeb, alloys ox. 

CANTHAREjE C„H, 2 i.e. C 8 II S (CI1 3 ) 2 [1:3}. 
(134°). o-iZylcne-di-hydride. 

Formation .—1. By heating canthario acid 
witli’ fused KOH.—2. By heating canthario aoid 
or cantharidin with water at 300°, C0 2 being 
split off.—3. In a pure state by boiling with 
cone, aqueous KOH, the product O 10 H 12 O s I 2 , 
obtained together with canthario aoid by the 
action of III upon canthartdine (Piccard, 73.12, 
577; 19, 1404). 

Properties.— Liquid, smelling like turpentine 
and camphor. Absorbs oxygen with avidity. 
Dilute HNfrj oxidises it to o-toluio and phthalio 

aC1 CANTHARIO ACID 0,„H r O ( i.e. 
(CJT„0)C0.C0 2 H. [278° cor.]. S. 85 at 15°: 
8-5 at r!)0°. Prepared by heating 1 pt. of can- 
tharidine with 4 pts. of III (1'96 S.G.) for 2) 
hours pt 100°. Trimetrio crystals\from water); 
v. e. sol. alcohol, v. si. sol. ether. Distilled with 
lime it gives oantharone, a little xylene, butyric 
aoid, and di-mr,thyl-benzoio acid. It is an 
s-ketonic aoid, for on heating with di-methyl- 
aniline and ZnCl. it evolves C0 2 and yields a 
condensation product CjjHjjON,; the latter is 
converted intC a green colouring-matter bjf 
Jdn0 2 , into a violet colouring-matter by chloraml 
orareenioacid.— A'Ag: white pp. — KA'l slender 
needles.—PbA' 2 a;aq. 

Methyl ether A'Me: (210°-220°) at 60 
mm.; colourless liquid. 
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IS thy l ethtr , k r E t (c. 800 s ). 

Oxim 0„K lg 0 a (N0H) : [176°-180“]; 

odourless four-sided plates •(Piooard, B. 10, 
1604; 11,9131; Homolka, B.» 19, 1086). 

OAHTHABIDIO ACID 0 10 H„O s i.e. 
(O.HnOACO.COyH. The alkaline salts are 
formed by heating cantharidin with aqueous 
alkalis. When a cold sokittpn of the salts is 
treated with aoids, the free cantharidio acid 
appears to be formed, but on warming the 
solution it loses H,0 and cantharidin is pre¬ 
cipitated. With hydroxylamiwe it gives an 
oxim, from the salts of which acids liberate 
the oxim of oantharidine.—Ag 2 A" aq.—Ag A" 2aq. 
(NH ( )jA"aq. -K 2 A"aq.— CdA"aq.—K,CuA" s 2aq. 

Di-methyl ether A"Me 2 : [01°]; large Hat 
glistening prisms; sol. alcohol, ethor, and hot 
water, Bl. sol. oold water (Ilomolka, B. 19, 1082 ; 
Dragendorff a. Masing, Z. 1807, 464; Masing, 
3. 1872,841). 

CANTHARIDIN C 10 H, 2 O r Lactone of can- 
tharidic acid. [218° gor.]. S. 02 at 15°; -29 
at 100°; S. (alcohol) 2-1 at 78°; -13 at 15°; S. 
(benzene) B-88 at 80°, '51 at 15° (ltennard); 
S. (ether) -11 at 18“; S. (CfcU -06 at 18“; 8. 
(CHC1,) 1-2 at 18“ (Blukin). 

Occurrence.— In Spanish flies (Lylta vest- 
catoria ) and many other insects (Thierry, A. 15, 
815; 3. Ph. 21,44; Itobiquet, A. Ch. 70, 302; 
Gossmann, A. 86, 317 ; l’ocklington, Ph. [3] 3, 
681; Eegnault, A. Ch. [2] 68, 159; Warner, 
Am. 3. Ph. 28, 193; Terror, 3. 1800, 597 ; 
Mortreux, 3. Ph. [3] 46, 33 ; Fumouze, 3. Ph. 
[4] 6, 161; Bluhnr, Z. [2] >, 075; Dragendorff, 
Z. [2] 3, 187, 464; 4, 308; ltennard, C. C. 
1872, 568; Wolff, Ar. Ph. [3J 10, 22 ; Piccard, 
B. 10, 1504). « 

Preparation. —1. Powdered cantharides aro 
extracted with chloroform or etlfSr. tho solvent 
is evaporated and the residue freouTrom fat 
by washing with CS 2 .—2. Cantharides aro 
mixed with water and MgO, dried, treated with 
dilute H 2 SO t and then shakon with ether. 

Properties. —Trimetric plates. Blisters lira 
skin. Sublimes readily at 85“ (Myth). 

Reactions. —1. HI forms cantharic acid.— 
2. By distillation with P„S, it gives o-xylene 
(Piccard, B. 12, 680).—3. By heating with 
alkalis it is converted into salts of cantharidio 
acid 0„H,,O s , from whose hot solutions cantha¬ 
ridin is re-precipitated on the addiliAh of acids. 

Oxim C,„H, 2 0 3 (N0H): [166“]; splendid 
long glistening prisms; v. o. sol. alcohol and 
ether, ▼. sol. hot water, si. sol. cold. By cone. 
IIC1 at 160“ it is split up into its constitu¬ 
ents. — C ]0 H| 2 0 3 (NOAg): four-sided prisms.— 
CuHuOjfNOMb): [134°J; large colourless prisms; 

V. e. sol. alcohol and ether, v. sol. hot, si. sol. 
oold, water (Homolka, IS. 19,1082). 

Compound C 10 H, 2 OJ 2 . ‘ Cantharidin iodide ’ 
is formed as a by-product (5-8 p.c.) in the 
preparation of canthario acidOby the action of 
HI (1-96 S.G.) upon cantharidin at 86’. Crys¬ 
talline solid. V.sol. benzene and chloroform, si. 
sol. alcohol, insol. water. On boiling with cone. > 
KOH it is oonverted into pure cantliarme 
(o-xylene-di-hydride) C,H a (0Hj 2 (Piccard; B. 19, 
1404). 

CAOUTCHOUC. India rubber. This sub- 
stauce is obtained from the milky sap of 


various trees belonging to several natural orders. 
The sap, which is obtained by making an in¬ 
cision in the bark of the tree, is a white oreamy 
liquid with a sp. gr. 1-019... ' 

The caoutchouo exists / n the sap in the form 
of minufe globules, “md is consolidated in various 
ways, (,'ien by heating over a smoky fire which 
produoes the brown colour of tlio commjfcial 
article. • 

•Caoutchouc is colourless when pure, it is 
a bad conductor of heat and a non-conductor of 
electricity. S.G. about -925. At ordinary tem-„ 
peratures it is, soft, flexible, and very elastic, 
but at about til ’ it begins to lose its elasticity, 
and at 0“becomOliard amt rigid. When heated 
it loses it; elasticity ami becomes soft, Blowly 
resuming its original properties when cooled; if 
heated to 150”-200° it melts, and after this it 
remains semf-iiquid and sticky on cooling. It 
burns readily with a smoky flame, leaving little 
or no ash. 

Hxposure to air in the absence of light pro¬ 
duces little effect on caoutchouc, but light and 
air together cause it to lose its elasticity and 
become glutinous, duo to the absorption of 
oxygen (Spiller, C. 3. 18, 44; Millor, ibid. p. 
273). 

Caoutchouc is insoluble in water, but when 
immersed in it becomes white and increases in 
bulk, absorbing about 25 p.c. of its weight of 
water, which is given up again on exposure to 
air. Alcohol acts i.p hi it in a similar way. 

Dilnto acids do not affect it, hut it is attacked 
by strong nitric or julphurio no id. Chlorine 
renders it liaru and brittle. Alkalis' produce 
little effect. 

Kt.her, benzene, mineral oil, sulphide of 
carbon, chloroform, oil of turpentine, oil of 
caoutchouo, and many essontial and fixed oils, 
act upon cac.-itcb musing it to swell greatly 
and become gelatinous trtid soft. Thegiction of 
these solvents appears So be to dissolve onq 
constituent part of the caoutchouc, leaving the 
less soluble part in a disintegrated condition. 

AccoAling to Payon, sulphido of carbon with 
about 5 p.o. of absolute alcohol is the best 
solvent. 

Caoutchouo is composed of carbon and hy¬ 
drogen. The proportions vary in different 
analyses 0.86-1—90-6 p.o.; TI. 10-12-8 p.c. It 
appears to consist chiefly of two hydrocarbons, 
which can ye partly separated by the prolonged 
action of a solfitmt, liTtt the proportion of thssa 
constituents obtained varies according to the 
solvent employed. The morn soluble part is 
soft and ductile, while the less soluble is tena¬ 
cious and elastic. « 

When caoutchouo if; subjected to dry dis¬ 
tillation an oil ecsisisting of a mixture of 
various hydrocarbons is obtained. This is 
called oil of caoutchouc. 

, Among the constituent; of this oil aro iso* 
p*me 0,11, (37“-38°) S.*. - 682 ; caoutchena 
G la H„ (171°) S.G. -842] and hnveano (315°) 
S.G. 921 (Himly, A. Ch. 'll. 41; Gregory, ibid, 
16, 61; G. Williams, Pr. 10, 517; ISor.ebardat, 
3. Ph. 1837, 454 ; Bl. 24, 108; C. R. 89, 361). 

When isopreno is acted on by strong hydrio 
chloride a mixture of the mono- and di- hydra- 
chlorides, together with a solid substance, is 
obtained. This latter is identioal in its proper* 
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ties with eaoutohoue (Bouchardat, 0. B. 69, 
1117). 

Vulcanised oaoutohoue.—When caoutchouc 
is heated to about 115°jn contact with sulphur, 
it absorbs some of the patter and becomes vul¬ 
canised. The introduction of* the sulphAr can 
be attained in many ways, immersion (in a 
mixture of carbon ^disulphide and chlorine of 
sulphur, of in a solution of polysulphide of 
oalcium, &c. 

About 2 p.e. of sulphur appears to enter 
into combination with the caoutchouc. If more 
than this quantity is introduce^ the excess 
remains mixed with the rubber and can bo 
dissolved out by Hie ordinary solvq-its of sulphur, 
while the c%mbmed sulphur cannot be so ex¬ 
tracted. An excess of sulphur renders the 
eaoutohoue less durable. Vulcanised caoutchouo 
does not lose its elasticity at a low temperature 
and does not soften so easily with heat as ordi¬ 
nary rubber. It is less affected by solvents than 
pure caoutchouc. 

The ordinary vulcanised rubber, besides con¬ 
taining an excess of sulphur, is often adulterated 
with 40-G0 p.c. of mineral matter. 

Ebonite.—When caoutchouc is heated with 
half its weight of sulphur, with or without the 
addition of sonic mineral matter, a hard darksub- 
Btance which can bo polished is obtained. This 
is much used for insulating purposes, but accord¬ 
ing to Wright (Am. S. [3] 4, 29) it becomes 
hygroscopic when exposed to the action of ogono 
owing to the formation of IPSO,. Ebonite is littlo 
affected by the solvents of caoutchouo. 

0. J. W. 

CAPILLARITY v. Physical methods, Sect. 

MISCELLANEOUS. 

CARBAMIDE the Amide of Decoic acid (q. r.). 
The name has also been applied to the amides 
of Octoio acid (q.v.) and ilianHC act.i (q. v.). 

CAPEJ^MIDOXIM v . IIexamidoxim. 

, CAPRIC ACID v . DfWiic Acin. 

CAPRIC ALDEHYDE v. Decoic aldehyde. 

CAPRILAMIDE v. Amide of Octoio acid. 

CAPRILIC ACID Octoio acid. t 

CAPRILONE v. Di -ilEI'TYr.-K K'I’ONE. 

CAPBILONITRILE v. Nitrile of Octoio acid. 

CAPRINONE v. Di-hnnvi.-ketoxe. 

CAPRO-AMIDE v . Amule of Hnxoio acid. 

CAFRO-ANILIDE v. Anilide of Hnxoio acid. 

CAPROIC ACID v . 11 hxoie acid. 

CAPROIC ALDEHYDE v . Hkxoic aldehyde. 

CAPRO-LACTONE v . Lcfetone «f (JkY-insxoia 

ACID, 

CAPRONE v. Di-amyl-ketone. 

CAPRONITRILE v. Nitrile of IIexoio acid. 

CAPROYL — Hexoml. 

CAPROYL AMIDE v.Kimidc of IIexoic acid. 

CAPROYL CHLORIDE v. Chloride of IIexoio 

ACID. 

CAPRYL ALCOHOL v. Octyl alcohol. 

CAPRYL-AMIDE v Amide of Ootoio acid. 

CAPRYLAMINE uTOctylamine. 

CAPRYL. CHLORIDE v. Chloride of Decoio 
acid ; also Octyl chloiiide. 

CAFRYL-BENZENE V. OoTYL-BENZENB. 

CAFRYLENE v. Octylene. 

CAFRYLENE HYDRATE v. Octyl alcohol. 

\ CAPRYLIC ACID v. Octoio acid. 

CAPRYLIC ALCOHOL v. Octyl alcohol. 

CAFBYUC ALDEHYDE v. Ooioic aldehyde. 


CAPRYLIDENE v. Octinenb.* 

Caprylldene tetrabromide v. ^Tetba-bboMO- 

ootane. , 

CAPRYLONE ivBi-heptyl-hetone. 

CAPRYLONITRILE v. Nitrile of Ootoio acid. 

CAPRYL-PHENYL-AMINE v. p- Amido- 
PHENYL OCTANE, p. 178. 

CAPSAICIN 0,11, ,0 3 . [59°]. 

Preparation. — IbWtlcrcd cayenne pepper 
(Capsicum fastigiatum) is extracted with ether, 
the extract is evaporated, dissolved in hot alco¬ 
holic KOH, diluted with water, ppd. by BaCl„ 
and the dried 'pp. treated with ether. On 
evaporating tho extract, an oily red liquid re¬ 
mains, which is dissolved in dilute potash, and 
ppd. by addition of ammonium chlSHUo. 

Properties. —Colourless prismatic crystals, 
insol. water, sol. alcoliol. Begins to volatilise 
at 100°. Powerful irritant. Tho pungent taste 
is removed by heating with potassium bichro¬ 
mate and dilute sulphuric acid. BaCl, and 
ChCU in alcoholic solution give a pp. sol. other; 
AgN0 3 a pp. sol. ammonip; Fe 2 Cl, a red pp. 
when warmed (Thresh, Ph. [3] 7, 21, 269, 473). 

CAPSICINE. An alkaloid which may be 
extracted by benzene from the fruit of Capsicum 
fastigiatum. Tho benzene is evaporated, and 
tlie residuo dissolved in ether, from which the 
alkaloid is obtained by shaking with dilute 
1LSO, (Thresh, Ph. [3] 0,941). Needles; insol. 
water, v. sol. alcohol and ether; may be sub¬ 
limed. Volatilo with steam. It is not pun¬ 
gent. The hydrochloride orystallisos in 
cubes and tetrahedra, tho sulphate in prisms. 

CAP30LJESCIC ACID C, 3 H,.,O h . An acid 
obtained from the husks of the horse-chestnut 
(ltochlcdor, 'A. 1807, 83). Crystals; may bo 
sublimed. FeJC),, turns its solution greenish- 
blue. 

CARABINES 1 MOSS. Irish pearl moss. A 
gelatinous Seaweed (Chondras crispus )v Swells 
up iijepld water, almost entirely dissolves in hot 
water, l’pd. by I'b(OAc) s . Appears to bo 
chiefly composed of a carbohydrate, whioh is 
insol. Scbwoizcr’s solution, and not turned blus 
by IE.SO, and I (Schmidt, A. 51, 50; Pliickiger 
a. Obermaycr, N. II. P. 1808, 350). Caraghoen 
moss gives galactose when boiled with dilute 
H.,80, (Haedieke, Bauer, a. Tollens, A. 238, 
302). 

CARAJURA. A red dye, probably identical 
with chica rod. Insol. water, sol. alcohol and 
diluto alkalis, reppd. by acids (Virey, J. Pit. 
1814,151). 

i CARAMEL. A black substance obtained by 
heading cane-sugar at c. 200°. It is said to be 
a mixture of caramelan C 12 H 1B 0-, caramelen 
C, I „T-I i0 Oi,,„ and caramalin 0„ s H l „ 2 Cf;,. They all 
reduce Peliliug’s solution. Dilute (84 p.e.) alco¬ 
hol extracts caramelan, cold water then dissolves 
caramelen, leaving caramelin. Caramelan is 
a colourless, brittle, deliquescent resin.— 

C ri BalI„ i 0 !1 ISa0.-O,.,rbH,„0,-- C rJ PbII 18 0„Pb0. 

Civramelon is a mahogany-coloured solid.— 
C 3B H )8 BaO av —t!,„H„Pb0 21 . Caramelin is a 
flittering black solid, sol. boiling water— 
C„U, 00 BaO sl . - C M H, „„Ba0 5 ,Ba0.—C M H 1M PbO t , 
(G61is, A. Ch. [3] 62, 352j. Caramelan and 
caramelen are crystalloids, caramelin is a 
colloid. The formula) and purity of these 
bodies are, of course, very doubtful; other 
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Observers have arrived at somewhat different 
results, indeed the nature ot the resulting pro¬ 
ducts depends*pon the temperature used in 
preparing them (PSligot, A.' Gh. [2] 07, 172; 
Volckcl, A. 85, 59 j Mailmen?), G. R. 39, 422; 
Graham, C. J. 15, 258; Thomson a. Sherlock, 
0. N. 25, 242, 282). 

CARAWAY OIL. Oil of caraway contains 
a terpene (q. v.) C 10 H„ id^rtteal with citrenc, and 
oarvol {q. v.) C,„H n O. * 

CARB-ACETO-ACETIC ETHER is mcsitene- 
lactone carboxylic acid, p. 20. 

CARBACETOXYLIO ACID C#I,0,. A syrupy 
acid, said to be formed by tile action of moist 
Ag,0 on 8-chloro-propionic acid and on a«-di- 
ohloro-prop ioftio ether, lteduced by sodium- 
amalgam tOjglycerie acid, and by III to pyru¬ 
vic aoid (mclielhaus, A. 113, 7; 1-11, 351; 
Klimenko, B. 3, 4G8; 5, 477; 7, 1-100; cf. 
Beckurts a. Otto, B. 10, 2039). • 

TRI-CARBALLYLIC ACID C„H,,0, i.e. 


CO,H.CH(CH.,.CO.,II),. s-Propane, tri-curboxyUe 
acid. Mol. w. 176. Jl58°]. S. 40-5 at 14°. 

Formation. —1. In the preparation of sugar 
from beet-root (Lippmann, B. 11, 707; 12,1019; 
Weyer, C. J. 38, 804).—2. By the saponification 
of its nitrile which is prepared by tho action of 
KGy on s-lri-broino-propane in alcohol (M. 
Simpson, Pr. 12, 236; 14, 77 ; G. J. 18, 331).— 
3. By reducing aconitio acid or its ether with 
sodium-amalgam (Dossaignes, G. li. 55, 510; 
Wichelhaus, A. 132, 01; Hlasiwctz, Z. 1801, 
734).—4. By the action of potash on tho product 
of the action of KCy on 0-chlorp-lsocrotunic 
ether (obtained from aceto-aeetic ether and 
PCI,) (Claus a. Lischkc, It. 14, 108'.)). 5. In 
the same way from a-chloro-crotonic ether or 
from di - chloro-propylene (.p\lichlorhydrin) 
(Claus, B. 6, 358; 9, 223; A.' I/O, 131; 101, 
63).—6. Appears to be foriflO.1 by tho action 
of HC’ and KCIO, on gallic acid ("-jhreder, A. 
177, 292).—7. Acctyl-sucoinic ether is con¬ 
verted by Na into acctyl-tri-carhallyho rther 
CH,CO.C(CH..COja)...C(Uit whence alcoholic 
KOH or baryta-water produce tri-carballylio acid 
(Miehle, A. 190, 322).—8. By the oxidation of 
di-allyl-acetio acid by dilute UNO, (Wniff, A. 
201, 63). —9. By boiling citraconic acid with zinc 
and HC1 (Belirmann a. Hofmann, B. 17, 
2092).—10. From propane telra-carboxylie acid 
(CO,H.CH,),C(CO,U), by beat (Bisehoff, A. 214, 
CO). ‘ ' J 

Properties. —Hard short trimetric prisms 
(from water); v. sol. water and alcohol, si. sol. 
ether. The ammonium salt gives with BnCL 
or CaCl, no pp., even on adding Nil,,. ,’b(OAc). 
gives a wllite pp. Fe..Cl„ gives a red pp. • 

Salts.* — Na,.llA'" 2acj(?) — KJ1..A'". — 
Ca,A'"j 4aq.-BaIIA'".-Ba,A'", Oaq.-l’b, A'",— 
CUjA'",.—Ag,A"'. 

Tri-ethyl ether Et,A'"J[c. 300 ). 

Tri-isoamyl e#Acr(C,,H n ) 3 A'"(above 360°). 

CARBAMIC ACID CH.,NO. i.c. MI-WUI. 
Amido-fonnia acid. Amide of carbonic acid. 
Not known in the free state. Tie ammonfuin 
salt is formed by the union of dry or moist 
CO- (1 vol.) with gaseous NH, ,2 vols.) (J. Davf, 
77. Ed. P. J. 16, 345; Rose, P. 46, 352; ft. 30, 
47). Formed also by sublimation of neutral 
ammonium carbonate, and therefore occurs in 
commercial ammonium carbonate. Formed also 
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by oxidising glyoocoll, Isnoine, tyrosine, and 
albumen, with alkaline KMnO, (Dreohsel, J pr. 
[2] 12, 417; cf. Hofmeister, J. pr. [2] 14, 173). 
It may be conveniently prepared by digesting 
commercial ammonium cf rbonala with saturated 
aqueous Nil, for 30 or, 40 hours at 20°-25° 
(Divers, G. J. 23, 215; cf. Kolbe a. Basaroff, 
G. J. Jl, 194). 

Bcactions. —1. Acids decompose carbamates 
with formation of CO- and Nil,.—8. Boiling 
ufitcr converts carbamates into carbonates.— 
3. Strongly heating converts tho Na salt into 
sodium cyanate and 11,0 (Dreulisel, J.pr. [2] 16, 
199). 

Salts.—Tile carbamates are soluble in water 
(difference fro .,1 most carbonates).—NH,A' (u. 
supra). Deliquescent plates. Its aqueous solu¬ 
tion quickly changes to carbonate, but it is stable 
in presence of excess of NH, in tliocold. At 60° 
it is comp!*i-ly split up into CO, and NH, (Nau- 
liiann, A. 160, 1; B. 18, 1157 ; Horstmann, A. 
187,48; Erekmann, B. 18,1154). In a sealed 
tube at 140° it forms urea.—NaA'iaq : formed 
by adding NaOKt to an alcoholio solution of the 
ammonium salt ; prisms.—KA': deliquescent. 
—CaA',aq : ppd. by adding lime and alcohol to 
a solution of NII,A' at 0“; crystalline powder, 
sol. water, the solution quickly deposits CaCO,. 
When strongly heated it leaves calcium cyan- 
amide. - - SrA',.—Ba A'.,. 

Chloride 00(NH-)C1. [c. 50°). (62°). Pre¬ 
pared by passing a stream of dry COG], into 
NHjCl heated to about 400°. Long broad 
needles, strong odour. On keeping it slowly 
changes into cyame^ido with evolution of HC1. 
By water it is decomposed into NH,C1 and CO,. 
On vaporisation it probably dissociates into 
cyanic acid and HC1, which again recombine 
on cooling. By CaO it is convortod into oyanio 
acid. With aromatic hydrocarbons in presencl 
of A1,C1, i. gi.cii amides of aromatio aoids 
(Gattormann a. RchmiSt, B. 20, 858)« 

Carbamic ethers. Srcthancs. . 

Preparation.— 1. From oliloro-fornffo ethers 
and NH,.—2. From oyanio acid and alcohols.— 
3. FroA cyanogen chloride and alcohols.—4. By 
heating alcohols with urea nitrate. 

Properties. —Solid substances, si. sol. water, 
v. boI. alcohol and ether; may be distilled. 

Bcactions. —1. Heating with NH, gives urea. 
2. P,0, gives cyanatus. - 3. Alcoholio KOH aots 
upon carbamic. ethers of tho fatty series accord¬ 
ing fo ibo equation: NiI.CO,C„H.„, + KOH 
= KN.CO i Q 1 f , .. n .,UH-l 11,0 (Arth, Bl. [2f 45, 
702 ; A. Gh. [6] 8, 428). Bornyi qjid menthyl 
carbamates act similarly. 

Methyl ether Me/''. [52°). (177°). S. 
217 at 1104 ; a. (alcohol) 73 at 15° (Echevarria, 
A. 79, 110). 

Fithyl ethcreV. tA'. Urethane. Mol. w. 89. 
[c. 50°). (e. 182°). Formed by tho above 

methods (Dumas, A. Gh. [2J 54, 233; A. 10, 
•281; Liebig a. Wohler-A. 64, 370; 58, 260 J 
•Wertz, A. 79, 286; C.7i. 22, 503’; Bunte, Z. 
[2] 6, 96; A. 151, 18r). Also fi*m carbonic 
ether and NH, (Cahours, C. B. 21, 629; A. 66, 
206). 

Reactions .—Alcoholic potash, attheordinary 
temperature, gives largo crystals of potassium 
cyanate. In this case NH-.CO,K is not forgsed 
as an intermediate product. A solution of 
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Urethane {b absolute ether, treated with K 
or Na givos the derivatives KNH.CO,Et, and 
NaNH.COjBt. Of these, the Na derivative is 
sufficiently stable for analysis. It is v. sol. abso¬ 
lute alcohol, insol. absolute ether. With alco¬ 
holic potash containing water K,0, is obtained. 
1'hc body HgN.CO.OEt is efttained by mixing 
alcoholio solutions of urethane, HgCl 2 , amf KHO 
(Mulder, B. 1. C. f>, 170). 

Acetjl derivative NHAc.CO.Et. [78°J 
(Conrad a. Salomon, J.pr. L'-tJ 10, 2d). 

Ghloro-ethyl ether H.N.CO..C II,CI. 
(76°]. From NH a and the cliloro-cthyl ether 
of chloroformic acid. Prisms. V. tol. water, ulco- 
hol and ether (Nemirowsky, J. pr. [2] 81, 174). 

n-Provyl ither PrA'. [6JP]. (19S°) (Ca- 
hours, I. 1873? ‘ 718; Koemer, B. 0, 1102). 
Long prisms. 

Isobutyl ether C,H„A'. [55°]. (207°) 
(Mylius, 13. 5, 972 ; Humann, A. Oh. [3J 44, 
840; A. 95, 372). 

Isoamyl ether C,U u A'. [00’]. (220°) 
(Medlock, A. 71,100; Wurtz, /. PA. [3] 20, 22). 
Needles. 

Octyl ether C„H n A'. [55°]. (135°) at 25 
mm.; (231°) at 700 miu. On distillation it is 
partially converted into cyanuric acid (Arth, 
C. It. 102, 977). 

Bornyl carbamate v. p. 523. 

Menthyl carbamate v. Menthol. 

CARBAMIDE v. Ubea. 

CARBAMID0- v. Ubamido-. 

CARBAMINE9. Carbylamincs. Iso-nitMles. 
Compounds of the formula lt.N:C. 

Formation. —1. By distilling primary mon¬ 
amines with ohloroform and alcoholio potash : 

RNHj + CHC1, + 3KOII = 3KC1+ BNC + 311,0 
(Hofmann, A. 144, 111; 140, 107). -2. By 
treating an alkyl iodide (1 mol.) with silver cyan¬ 
ide (2 mols.) a double salt RNCAgCy is formed; 
on distilling this compoifnd-tfilh cone, aqueous 
KCy ther% is formed KftyAgCy and the carb- 
fqnine passes ovor (Gaiflier,' A. 140, 119; 149, 
29, 156 ; 161 , 239). HgCy 2 and ZuCy. may also 
be used in preparing oarbamincs (Calmels, 1SI. 
[2] 48, 82).—3. In small quantity in preparing 
nitriles by distilling potassium alkyl sulphates 
with potassium cyanide.—4. By distilling the 
compounds of thio-carbimides with tri-ethyl- 
phosphine (Hofmann, B. 3, 700; Z. 7, 29). 

Properties.— Volatile stinking poisonous oils. 

Reactions. — 1. Alkalis havo no action.—2. 
Mineral acids instantly jonvert tfcem into 
alkjSamines and formic acid: ]$MC+2H,0- 
BNH,+H.<20.,H. Water at 180° acts similarly. 
8. Dry HC1 forms a compound, quickly decom¬ 
posed by water as in 2.-4. Organic acids form 
alkyl -formamides.—5.*EtI forms a compound 
(difference from nitrile!).- (j. HgO oxidises 
them to alkyl cyanatcs ll.NiCO, alkyl- form- 
amides being also formed (Gautier, A. 149, 
811 ). 

CARBAMINE-CYAYIDE or CARB AMINE- 

CYAN AMIDE so called js described as Annuo" 
li-oyanio sou. Its derivatives are described as 
ETHYL-CARMHIDO-BEEA, CAEBIMIDO-ETIIYL-UBEA, 

Ac. 

CARBANIL c. Phenyl oyanate. 

CARBANILIC ACID v. Phenyl -caebahio 
mik. 

CARBANILIDE v. j-Di-ehenyl-obea. 


CARBANIUDO- v. Phenyl-osahido-. 
CARBAZOLE O.^N i.et <;°*®‘>NH. 

Mol. w. 167. [236°]. (352° cor.). V.D. 6 88 

(oalo. 585). S. (afoohol -92 at 14°; 8 88 at 78°. 
8. (toluene) -55 at 16-6; 5-46 at 100° (Beohi, B. 
12,1978). 

Occurrence. —Among the product* of the dis¬ 
tillation of coal tsL ; whence it oeours in orude 
anthracene (Graebe a. Glaser, B. 5, 12, 876; A. 
103,313; 107,125; 174,180; 202,21; Zeidler, 
A. 191, 297). 

Formations -1. Bypassing vapour of aniline 
or diphcnylamine through a rod-hot tube.— 
2. From imido-di-phenyl sulphide (thio-di- 

phenyl-amine) by boiling with 

freshly reduced copper for 2 or 3 hours; the 
yield ia about 60 p.e. (Goske, B. 20, 233). 

Properties. —Whito laminra or tables. Easily 
sublimes. A solution in cone. H a SO, is turned 
greon by UNO,. May be distilled over red-hot 
tine-dust without change., Although an imide, 
it forms a compound with picric acid and its 
acetyl derivative is obtained with difficulty. 

Reaction*. — 1. It is not affected by cono. 
HClAq or alcoholio KOH even at 300°. Cold 
cone. 11,80, dissolves it without change, but at 
100° a di-sulplionic acid results. — 2. HNO, 
forms nitro- compounds.—8. Sodium-amalgam 
does not reduce it in alcoholio solution, bu{ HI 
and P at 210’’ reduce it to carbazoline C,.,H,,N.— 
4. By exhaustive chlorination with SbCl, it 
yields por - chloro - diphenyl or por - chloro¬ 
benzene according to> circumstances as yet un¬ 
determined (Merz a. Weitli, B. 16, 2875).— 
6. By heating with oxalic acid the oompound 

C M II 21 N,0 or &O.C(C„II,< ™ », is obtained. 

It forms minute Atystals which very readily yield 
blue solutions (carbazole blue) on Nation 
(Saida, B. 12, 1403; Bamberger a. Muller, B. 
20, «i08). 

Potassium derivative C 12 H 8 NK. From 
carbazole and KOI! at 230°. Pio-rio aoid 
compound C J ._.U 1I N CJL(NO..) :1 OH. [182°]. 
From carbazole (1 pt.) and picric acid (1| pts.) 
in toluene. Bed prisms; v. si. sol. cold benz- 
eno or alcohol. Decomposed by a large quan¬ 
tity of alcohol, by water, and by alkalis. 

Nitrosamine C,JIqN.KO. [82°J. Nitrous 
acid in an alcoholic solution of carbazole forms 
mono- and di-nitro-carbazole. If carbazole 
(3 g.) bo mixed with acetio acid (60 g. of 3.G. 
1*04) and ether (60 g.) be poured in, on adding 
KN0 2 tlAi nitrosamine is dissolved in the ether 
as fist as it is formed, and crystallisos out on 
evaporation. Long flat golden noodles. Soluble 
in ether, CS 2 , chloroform, glacial acetio acid 
and bonzene. It is decomposed if heated with 
alcohol mixed wtyh an acid, carbazole being 
regenerated. Alcoholic K(/iI turns it blood-red. 
Reducing\ gents regenerate carbazole. Cone. 
H,S0 4 gives a dark-green colour (Zeidler, A. 
19lf305). * 

Acetyl derivative C 12 H s NAc. [69°]. 
(above 360°). From carbazole and Ac.,0 at 
250°/ Slender needles (from water); v. si. sol. 
water, v. e. sol. alcohol. Erdmann’s solution 
does not turn it green. Its piorio aoid compound 
is orange. 
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.Reference*. — Bbomo-, Cbloso-, Nixno-, 
Mktiiyl-, and Ethtl-, oabbazole. 

G&BBAZOtE TETEA'. JIDE 0 ls H„N. 
p.20 0 ]. (o. 328°). Formed, together with 

hydrogen, oy heating oarbazSline hydrochloride 
at 800°. Crystallises from alcohol. V. e. sol. 
alcohol, insol. water. Docs not combine with 
acids, deduced by HI and P to carbazolinc. 
The piorio acid coimpeund 
0 13 H,jNC 6 H ! (N0 2 ),0H fonts brown lamina). 

CABB AZOLE v-CABBOXYLIC ACID 
CuHjNOj i.e. C, 2 H,N.COJI. [272"]. From 
potassium carbazole and CO, o4270". Micaceous 
scales or flattened prisms with faint blue fluor¬ 
escence : insol. water, b 1. sol. cold alcohol 
(Ciamioian <». Silbor, <?. 12, 272). 

CABBAZOLINE C 12 H )S N. Carbazole hcxa- 
hydride. [99°]. (297°i.V.). V.D.C-13(5-99calc.). 
Formed by heating carbazole (3 pis.) with (12 pts. 
of) HIAq (127°) and amorphous P (1 pt.) at 
220°. White needles (from alcohol); may be 
sublimed ; volatile with steam; v. e. sol. alcohol 
and ether, v. si. sol. water. HI and 1’ at 
reduce it to diphenyl deczhydridc C, a H„ 0 . Docs 
not combine with picric acid. 

Salts.—B'HCl: v. e. sol. water.—BTIIlr: 
tables.—B'HI. 

Acetyl derivative C 12 H, ,NAe. [98’]. 
From carbazoline and Ac.fi at 110". Needles 
(from alcohol). 

■ CARBIDES. Compounds of carbon with one 
other more positive element. A carbide of ii on 
Fc a C probably exists in cold rolled steel; other 
carbides of this motai are described, but their 
existence is doubtful. Silver is said to form 
three carbides, Ag,C, Ag. 2 C, and AgC. Nickel 
takes up a small quantity of carbon when 
strongly heated with clmrcr. l^but no definite 
compound has yet been prepared. We havo 
very little definite information regarding this 
elar: of compounds (a. Ibidtuk, t |o», Nickel, 
PALLAmtM, Platinum, and Silver). M. M. P. ii. 

CABBIM1DE v. Cyanic acid. 

CARB IM IDO-ALLYL-THIO-UBEA CjIIjNjS 

Is. SC< N °|“ s >C:NU or CJ^NII.CS.NiCiNH. 

Allyl-thio-carbaminc-cyamide. Formed, ns the 
crystalline sodium salt, by mixing allyl tliio- 
carbimide and sodium cyanamide. Decomposed 
by acids into its constituents (Wunderlich, B. 

19 , 448 ). 

CARBIMID - AM1D0 - BENZMC ACID is 
Guanido-di-bonzoic acid v. p. 157. 

CABBIMIDAMIDO-BENZOYL v. OxY-qciN- 
azoline and p. 155. 

CARBIM1DO-CYAN AMIDE p. Ami^o-dica'anic 
ACID, p. 163. ' 

CABBHHDO-ETHYL-THIO-UBEA ( C,II,N a S 

i.e. SC<^jj>C:NH or EtHN.CS.N:C:NH. 

Ethyl-thio-carbaminc-cyamige. Formed, as the 
crystalline sodium* salt, by mixing ethyl-lino- 
oarbimide and sodium cyanamide. 'decomposed, 
by acids into its constituents (Wunderlich, Bs 
19,448). • " 

CABBIMIDO-ETHYL-U REA C,H,N,0 t.e. 
OC <NH> 0:NH 01 EtHN.CO.N:C:NH. .Ethyl- 

carbamint-cyamide. Formed, as the crystalline 
sodium salt, by mixing ethyl cyanate and 
sod ium cyanamide, Decomposed into its con¬ 


stituents by acids. Forms a green orystaliiiis 
copper compound (Wunderlich, B. 19,448). 
CARBI MID O-METHYL.THIQ.PREA 

C 1 H,N,Sf.e.SC<^ >0; NH or 

MeHN.CS.N:C:NH. Myihyl-thio-carbamine-cy 
amidf. Formed, as the crystalline sodium salt, 
by ^ ixing methyl-tliiocarbimide and sodium 
cyanamide. Decomposed by acids into its con¬ 
stituents (Wunderlich, B. 19, 418). • 

• CARB1MIDO-PHENYL-1HIO-UREA 

C,H,N 3 S i.e. SC<^ I J I ( ’>C:N1\ or 

PhNH.CS.N^:NH. Phenyl-thio-carbamim- 
cyamiilc. Formed, as (lie crystalline sodium 
salt, by mixifi* phenyl-tnioearbimideand sodium 
cyanamide. Decomposed by^icids into its con¬ 
stituents (Wunderlich, 13. 11*, 448). 

DI-CARBIN-TETRA-CARBOXYLIC ACID v. 
Ethylune^ktra-cauboxyltg acid. 

CARBINOL. A name given by Kolbo to 
methyl alcohol, but used only in describing 
alcohols derived therefrom by displacement of 
hydrogen of its methyl by one or more alkyls. 
Of. Ax,coiiols. 

CARBINYL. The corresponding term for 
the alcohol radicles of the alkyl-carbinols; 
thus, Me.,0 may be called tri-methyl-carbinyl. 

CARBO-ACETO-ACETIC ETHER v. p. 20. 
CARBO-ALLYL-PHENYL-AMIDE v. Phenyl- 

ALLYL-CYANAMIDE. 

CARBO-DI-BUTYL-DI-PHENYL-IMIDE V. 

Di#3 UT YL-1II- PIIEN Y L-CYANAM1DK. 

CARBO-ISO-BUTYRALDINE C U II 8 N,S 3 t.e. 
(NII.,)CS.S.N(C 4 H h V [91°]. Prom iso-butyralde- 
liyde, CS,, and aqueous Nil.,. Prisms, insol. 
water, sol. alcohol (Pfeiller, 13. 5, 701). 

CARB0-CAPR0-LACT0NIC ACID v. Lactone 
of Ox Y-l’ROL*YI j-SUccinic acid. 

Di-carbo-capro-lactonio acid v. Lactone of 

OXY-PENTA * W T1 ^iJAUNOXYLIC ACID. 

rARBOJINCHOMERONIC ACID # is Tykidinb 

TRI-CAliBoXYIiIC ACID. • # 

CARB0-GLUC0NIC ACID C 7 H u O„. An 
amorphous acid whose Nil, salt is obtained by 
troiitiig glucose or cane-sugar with aqueous 
HCN (Sclhitzenberger, 131. [2J d(5, ll4). 

CARBO-DI-GLYCOLLIC ETHER v. Glycollio 
acid. 

CARBOHOMOPYRROLIC ACID v. Methyl- 

PYURoL-CAUUOXYLIC nUJ. 

CARBOHYDRATES. A term applied to com- 
pounds which may be represented by the formula 
C.*(ifX7y ^*cre x is 5, <>, or 12, and y is ft, 6 or 
11, and to compounds derived from several such 
molecules by abstraction of watcV They are 
non-volatile solids, and the non - saccharine 
members of the group may be converted by 
boiling dilute ueids r.ilo a sugar, usually glucose 
(dextrose). Tuftf contain hydroxyl. On oxida¬ 
tion they frequ -ntly give rise to oxalic, raoemio, 
saccharic, and mucic acids. Most of them are 
optically active. Cellulose is insoluble in water; 
the gums dissolve, or a* least swelfup, in water, 
but are ppd. by alcohol. Sugars ^re soluble in 
water, are not reppd. by alcohol, and have a 
sweet taste. Iodine turns starch blue, and 
affects cellulose in the same way after it has 
been treated with a dehydrating agent. The 
carbohydrates vary also in their behavioiy to¬ 
wards alkaline copper solutions, and as regards 
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fermentation by yeast. They are described' in? n&m&.plumbago ; for a time it was confused with 
the articles Ababio Acre, Cellolos*, Dsxtkin, molybdenum-glance, but in 1799 Soheele proved 
•Staboh, Sdoab, etc. it to be olosely relied to coal in its composition, 

CARBOLIC ACID v. Phenoi, It is only in somewnRt recent times that approxi- 

CARBO-MESYL v. Mr.iHYL-oxraDotB. mately pure graphfte has been obtained. Char- 

CARBO-DI-NAPHTI^rL-IMIDE V . Di-naph- coal is the commonest form of impure amorphous 
YH yl-cyan amide. * carbon; this modification of carbon can be ob- 

CARBON GHOITP OF ELEMENTS .—Ccybon tained approximately pure only with, consider- 
and SiUcon. Of these elements, carbon occurs able difficulty. i 

in the free state in the forms of diamond, graphite, After the earthsi had been proved to be 

and amorphous carbon; silicon is not known at, metallic oxides in 1807, it was generally sup- 
gueh in nature, but combined with oxygen it is posed that the common earth-like body silica 
one of the most widely-distributed elements, would also be foend to contain oxygen and a 
Diamond was regarded by Newtoij as a com- metal. In 1823 Berzelius decomposed silica 
bustiblc body because of its groat refractive power: and obtained the non-metal silicon, in the form 
in 1694 the Florentine'academica>,ns succeeded of a brown amorphous powder, i'e-good many 
in burning small pieces of diamond ; and in the years later Dcville prepared crystallised silicon 
early years of this century Davy proved it to intwoforms.onemoreorlessrcsemblingdiamond, 
be pure carbon. In early times graphite was and the other, graphito. The leading properties 
thought to be very similar to lead ;*iiencc the of the two elements are as follows:— 


Atomic weights | 1197 | 28 

Many compounds of each element liavo been gasified. Molecular weights unknown: 

(?) probably greater than C, and Si r 

Melting-points Docs not melt at any temperature 1,100°-1,300° (uncertain), 
hitherto attained. 

Specific gravities Diamond 3-5; graphite 2-25; amor- Graphitoidal 2‘2-2-5 (doubtful). • 
(approximate) plious 1-5-1'!). 

Specific heats 0 46 (at about 1000°). , 0-203 (at about 250°) 

The specific heat of either clement increases rapidly as temperature increases from —50°: the 
rate of this increase is,*however, very small after about 500° for carbon and about 150° for 
silicon. The specific heats of diamond and graphite vary considerably at temperatures below 
about 600°, but from this point upwards the values are practically identical. 

Atomic w eight _ 

Spec. grav. 4-6 , 11-2 

(approximate) . 


Ilcats of formation of various compounds (Tiiomson, Bertlielot, &c.), 
Jlicnerally from amorphous Carbon or Silicon.) 


[M,H‘] . . 

[M,C1‘] . 

[M,0*] . . 

Im.s*] . . 

Change of amor 

phous M to ci-yS' 
talline M 


Jtlcnerally from amorphous Carbon or Silicon.) 

21,750 24,800 

21,001 157,600 (product liquid) 

96,060 219,200 

-26,000 40,000 


Heats of neutralisation of aqueous solutions of CO, 'tind SiO, (Thomsen). 


n [CO ! A‘q 


ft], nbfcrPllAq] 
11,000 


Cm ' m = 9 - 150 


[SiO ! Aq, n NaOHAq] 
3,240 
4,315 
4,730 

5,230 * 

5,410 


Silicio acid shows no constant neutralisation-point. The quantity of heat produced is a 
hyperbolic function of the quantity of soda added, and approaches a probable maximum of 
6,300 gram-units for ono formula-weight of §iO a [v. Sili^tbs). 

Physical properties Diamond: hardest known substance; Adamantine : very hard, scratches 
t crystallises in regular forms, oefa-. glass* darkiron-greycolour, reddish 

hedral predominating; bad con- by reflected light; crystallises in 
doctor of electricity; refractife in- forms derived from a rhombic oota- 
dex large (p B = 2-430); lustre very . hedron. 

marked; usually colourless and Graphitoidal: softer than adamantine 
transparent, but sometimes green, but scratches glass; may be pul- 
brown, or yellow, verised; metal-like lustre, leaden* 
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Occurrence 

preparation 


Chemical properties. 


Graphite: crystallises in hexagonal 
forms; good conductor of eleo# 
tricity; tough and difficult to pul¬ 
verise; grey, inctal-like appea- 

aftc« 

Amorphous : black powder;, very 
porous, absorbs large quantities of 
gases aryj of many colouring mat¬ 
ters from solutions. 

The three forms occur in nature, but 
neither graphite nor amorphous 
pure; constituent element of all 
animal and vegetable matter; car¬ 
bonates vqfy widely distributed; 
graphito prepared by dissolving 
amorphous in molten iron, or by 
decomposing by heat tl^ CN com- 

• pounds in the mother liquor of 
soda manufacture, Ac.: approxi- 

• mately pure amorphous, prepared 
by washing sugar-charcoal in acid, 
alkali, and water, and strongly 
heating-in chlorine; or by de¬ 
composing C0 2 by Na, Ac. 

Allotropy marked. Diamond heated 
by powerful battery in absence of 
oxygen gets grey-black and coke- 
like but does not volatilise; heated 
in*air combustion begins at 050 
1000°. Graphite not affected at 
any to aoeraturo in absence of 
oxygen ;* oxidised by repeated 
trea^ent witli KC10 3 and HNO a 
to graphitic acid C M 1I 4 0 5 (or O ti ), 
a yellow solM, si. sol. water, act¬ 
ing towards alWlijje bases like a 
feeble acid. Amorphous burns 
easily in air ; combines with H at 
a very high temperature to for’M 
C 2 H 2 ; also combines directly with 
S to form CS >, with O to form CO 
and C0 2 , and. under special con¬ 
ditions with N to form CJSL; com¬ 
pounds with halogens formed in¬ 
directly; combines directly with 
Ir, Fe, Ni, Pd, Pt, Ag, and peril a p., 
some other metals. Carbon a 
negative element; does not form 
salts by replacing II of acids; C0 2 
an anhydride ;%n agueous solution 
of C0 2 probably contains the di¬ 
basic acid IL€0 3 , salts of this 
acid well marked; H s CS, prepared. 
Atom of C is tetravalent; G atoms 

, tendcombine with each other; 
vast number of compounds pro¬ 
duced by action oPoth^r atoms 
to groins of C atones. 


grey colour; crystallises in leaflets 
composed oilictahedra ; good con¬ 
ductor of electricity. 

AmorpJious: brown powder; heated 
out of contact with air to tyglutem- 
perature it cont raots and becomes 
crystalline; bad conductor of eleo- 
tricity; dissolves in molten A1 or 
Zn and crystallises out on cooling. 
• 

Verjr widely distributed as silicates 
ofTa, Mg, Fe, Al^ c e.; amorphous 
obtained by action of K on liot 
SiCl 4 , SiF,, or K,SiF u ; graphitoidal 
•obtained by melting Al with K.SiO, 
and cryolite, or by decomposing 
SiCl 4 at a high temperature by Na; 
adamantine obtained by molting 
Zn with K 2 SiF„ and Na. 


Allotropy marked. Amorphous Si 
burns easily in air to HiO_,; graphi¬ 
toidal does not oxidise when heated; 
adamantine not even at a white 
li it i if oxygen ; adamantine Si 
oxidised at red heat in C0 2 (giving 
CO + Si0 2 ), also by strongly heating 
with K,CO s or Na,CO a (giving 
CO + SiO.j + C), but not changed by 
molten KJISO,, or by heating with 
KNO a if i$mp. at which that salt 
| dec^mpose^ is not reaclfcd. Amor¬ 
phous Si soluble in HPAq giving 
Ii.SiF.jAq and hydrogen, also in 
strong hot potash ley giving 
K-.SiO.Aq and hydrogen ; adaman¬ 
tine Si insoluble in UFAq and hot 
alkali solutions. Hi does not di¬ 
rectly combine with II, SiJI 4 pro¬ 
duced by action of JIClAq on com¬ 
pound of Si and Mg; combines 
with S at high temperature to form 
$iS 2 ; with O lo form SiO a ; wijji Cl, 
•Br, or I, to form SiCl 4 , Sil3r„ or 
Sil 4 ; and with N at white heat to 
form Si.X.,; combines directly with 
Al, Cu, Fe. Mg. Mn, Ni, Pt, and 
perhaps some other metals. SiO a 
an anhydrido; probable existence 
of .'Iveral silicic acids; SiO(OH) a 
probably present in solution ob¬ 
tained by neutralising K»SiO a Aq by 
HClAq andldialysing; tiiis solution 
very readily gelatinises. Atom of 
Si is tetravalent, and*to some ex¬ 
tent at least, atoms of Si tend to 
combine together and form groups 
which combine with other atoms, 
forming molecules similar to thoBO 
of the organic compounds. • 
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General formula and characters of compounds. 

MO, MO* MS 2 i (SiO unknown, ? OS' and 
0 2 S,); MO,Ha (neither known except (?) in 
aqueous solution, v. Carbon and Silicon), CS s H 2 ; 
MH 4 j CB ;nl OJS-* <&+-* 

Ac., Ao., and a vast \iumber of derivatives; 
MX 4 (X-Cl, Br, I, or in case of Si also.=F), 
M a X ti (X = Cl, Br, or I where M = Si, X=>bl or 
Br wneretM*= C), f C 2 Cl 4 , C 2 Br 4 , Ac.; SiF«H. 2 ; 
CHX1, CH 2 C1 2 , CHC1 3 , SiHCl,, SiIII 3 , Ac.; C,.Nt„ 
ONH and salts, C fi N B FelI 4 and salts, C„N 6 FeH 3 
and salts, C 5 N 5 NOFeH 2 and salts, Ac., Ac.; 
Si 2 N s Ac. The compounds of C and Si exhibit 
considerable differences in their properties; CO : 
and CO . are gases, Si0 2 ia averyf^ed solid; CS., i 
is a liquid, SiS/ap solid; CC1 4 is not acted on by 
water, SiCl 4 is at once decomposed into SiO., J 
and HC1; Si readily forms a fluoride and also a : 
double fluoride with hydrogen, no corresponding ! 
compounds of C are known; CH, is a stable 
gas, SiH 4 is oxidised by mere contact with air 
and is easily decomposed by heat (at -400 '); Si j 
(amorphous) dissolves in potash evolving hydro- ! 
gen and forming a silicate,carbon is unacted on 
by alkalis. Both elements form many com¬ 
pounds with II and O (alcohols, ethers, acids 
Ao.), the composition of which is similar, in 
some cases the properties of the Si compounds 
closely resemble those of C, c.g. C(C.H,),H 
and Si(C 2 H ft ).,II, C(C..H.) ; ,OH and Si(C,H j ;t OH; 
but in other cases the properties of the two i 
classes of compounds differ much, c.g. C1X,.CG 2 H ; 
and C 2 H 5 .CO,H are liquids soluble in water, 
but CH 3 .SiO.JI and CJI^SiO.Jl are amor¬ 
phous solids insoluble in water. Many sili¬ 
cates and carbonates are isomorphous. Sili¬ 
cates, except those of the alkali metals, are 
insoluble in water, and most of them are with 
difficulty decomposed by acids; the normal 
carbonates of the alkali metals are solu- 1 
ble in wat^r, other normal carbonates are in¬ 
soluble; aqueous solutions Of tlcid carbonates 
are generally easily decomposed by heat yielding 
either normal or basic carbonates; the normal 
carbonates of the alkali metals are not <l com- 
posed by heat alone, other normal carbonates 
are decomposed into metallic oxide and C0 2 . 

Group IV. of the elements, as the elements 
are classified by the application of the periodic 
law, contains the following:— 

Series 

Even % 2 4 6 8 • 10 4 

C Ti Zr Co - • Th 

Odd 3 *5 7 9 11 

Si Go Sn - Tb 

The metals titanium' zirconium, and germa¬ 
nium show considerable analogies with tin; 
cerium and thorium are usually classed toge¬ 
ther among the rarer earth-metals, and lead is 
generally considered apart from other metals; 
nevertheless *thero are ^well-marked analogies 
between all the elements Tyhich comprise Group 
(V. of the periodic system. Titanium is an 
amorphous body closely resembling amorphous 
silicon; it forms the compounds TiF 4 , TiCl 4 , 
TiBr* Til 4 , Ti 2 Cl 6 , TiO a (probably TiO(OH) and 
Ti(OH) 4 j,Ti. i O J , Ti 3 N 4 , Ao.; titanates are known 
(M 2 TiO,), many of them isomorphous with sili- 
Bfttes and carbonates. Ti is more metallic than 


G or Si, it forms a sulphate Ti(SO.) ,, and other 
salts wherein the hydrogen of a^ds is replaced 
by titanium. Zircc^ium again is more decidedly 
metallic than titfniura; it forms a series ot 
well-marked salts Zr(S0 4 ) 2 , Zr4NO a , Ac., Ac. 
On the other hand Zr resembles 0 and Si in 
that it has been obtained both as an amorphous 
powder, and also in crystals which resemble Si 
in their behaviour /owirds acids; zirconatea 
(M.ZrOj,) arc also known. Germanium forms 
oxides, chlorides, and sulphides, Ao. (GeX and 
GeX 2 , X = 0 = S = CL), resembling those of Sn ; 
it is, however, Aoro markedly non-metallio in 
its chemical functions than Sn; physically 
Go is decidedly metallic. Cerium r forms two 
oxides CeX, and CcO.; the forme *tfl'ssolves in 
acids forming a series of salts of wlrlch Ce 2 3S0 4 
is a type; CeO., is a peroxide, it dissolves in 
IICl with evolution of Cl and formation of CeCl* 
but a sulphatfi Ce(SO,) 2 is known corresponding 
to the sulphates of Ti and Zr. Ce also forms a 
fluoride CeF,, a doublo fluorido 3KF.2CeF 4 , and 
a % chloride Ce 2 Cl (j . Thorium again approaches 
more closely than cerium to Zr and Ti; it is a 
dark-coloured amorphous powdor resembling Si, 
but more soluble in acids than Si, Zr, or Ti; it 
forms the compounds ThCl 4 , ThF 4 , K 2 ThF B , 
ThCL, Ac.; the sulphate is Th(S0 4 ) 2 , and other 
analogous salts are known. Tin forms the 
two oxides and chlorides SnO and Sn0 2 , Sn(3l 2 
and SnCl 4 ; the hydrates of SnO. are feeble acids, 
producing stannates (M.SnO.J and metastan- 
nutos (M.Sn^O,,), both of which are easily de¬ 
composed by dilute acids or by heat. Both 
the staunous salts c.<f. SnS0 4 , and the stannio 
salts e.g. Sn(SO,).,, are well-marked compounds. 
Lead is decidedly metallic in its character; it 
forms four oxides PbO, Pb ; ,0 4 , Pb 2 0 3 , and Pb0 2 ; 
the last is a peroxide, and it may also be re- 
j garded as an anhfTiridc inasmuch as plumbates 
(M.PbO.,) effist, but these salts are p&f '‘un¬ 
stable easily decomposed. The best-marked 
salts Sf leail arc derived from the oxide PbO, 
r.g. PbCL, 1’1 i2NOj, PbSO„ Ac.; PbCl, has not 
been obtained pure, but this series of salts is 
represented by the tetramethide Pb(CH 3 ), which 
is stable as a pas. The atoms of all the elements 
of Group XV., so far a3 evidence has boon ob- 
■tained, are tetravalent. Looking at the pro¬ 
perties of theso elements as a whole, it may be 
said that carbon is to a considerable extent set 
apart from tile others, but that it is more olosely 
allied to silicon than to any other member of 
the group; that titanium and zirconium are 
closely related; and that tin and lead, while 
shoWbig distinct analogies with tho rest of the 
group, aro yet each characterised by^propertiea 
which lmv.’k them ofE from the other elements. 
Not ;nuch can yet be said regarding cerium and 
thorium; they require further study. 

For moro details and descriptions of the 
various elements see the articles on theso ele. 
•meats; alsc\u. Tix.wfiua oaour or elements ; 
also v. CAimdwATES, Nitbates, Sulphates, Ao. 
In some of their physical properties carbon and 
silicon, especially the latter, resemble boron, but 
boron piust be elassed with those elements the 
atoms of which are trivalent; v. Boson. 

M. M. P. M. 

CARBON C. At. w. 1107. Mol. w. unknowns 
element has not been gasifi 3d. S.Q. diamond 
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ii* 8*514 (Schrflttcr, Site. W. G3, (2nd pt.) 402), 

8*818 (Baumhauer, Ar. N. 8, 1). S.G. 
graphite 2*11 t<#2*26 (Kenngott, Brodie, M5ne ; 
Site. W. 18,469; A. 114, 7 f G. Jl.,G 4, 104). 
S.G. amorphous charcoal l*4tfto 1-7 (v. Vio- 
lette, A. Ch. [3] 89, 291). S.G. hard gas-coke 
2*356 (Marchand a. Meyer). S.H. about *5 at 
1000° (v. infra). O.E. (diamond, linear at 40°) 
•00000118; (diamond, cuh.mt 49°) *00000354; 
(graphite, linear at 40°f *Ct00078l>; (Fizeau, 
C. H. 62, 1133; 68,1125). fx B = 2* 16, - 2*479, 

for diamond (Sclirauf, P. 112, 583). E.C. gra¬ 
phite, *082 (Hg at 0° = 1) [varies* much for dif¬ 
ferent specimens] (Muraoka, IF. 13, 307). E.C. 
hard gas-coke, *01 (Hg at 0° = 1) (Muraoka, l.c.). 
Crystalline im m; diamond, regular octahedra 
and fort's derived therefrom ; graphite, hexago¬ 
nal forms chiefly rhombohedral (Kcnugolt, Sitz. 
W. 13, 469); Nordenskiold (P. 96,100) observed 
monoclinio crystals in graphite fr*m Finland. 
H.O. [0,00-96,960 for amorphous C (Th. L, 
411) ; 93,350 for diamond, and 93,560 for graphite 
(Favre a. Silbermann, A. G/i. [3J 33, 41f)« 
Emission-spectrum observed by passing sparks 
through pure CO or CO., is characterised by a 
double line 6583 and T>577*o, three sharp lines 
5150*5, 5114*2, 5133, and a band 4*266 (Angstrom 
a. Thal6n, Nov. Act. Ups. 9 [1.375)). Besides 
these, and many other less marked, linos, 
Liveing a. Dewar describe the arc-spectrum 
as Blowing tho following marked lines, 3919*3, 
2837*2,2836-3, 2511-9, 2509 9, 2296-5 (/V. 30, 
162,494; 33,403; 34, 123, 118). A very dif¬ 
ferent spectrum—the band-spectrum is ob¬ 
served at the base of a can41c or gas flame, also 
in cyanogen burnt in O, or by passing sparks 
through CN, CO at increased pressure, CS_., A c.; 
the most characteristic band :\ 0 ' 5633, 5164, 
and4736. There has been much discussion as 
to whethor this spectrum is^hat of C or of a 
hydlWm^n (v. B. .1. 1880. 244).“ '^.ree allo- 
tropio foiros of carbon are known; diamond, 
graphite, and amorphous carbon. • • 

The diamond was regarded by Newton as a 
combustible body because of its high refractive 
power; in 1694 diamond was burnt by tho 
Florentine Academicians; Lavoisier found that 
C0 2 Ib produced when diamond is burnt, and 
Davy showed that diamond is puro carbon. 
Lavoisier, about 1780, recognised that carbonic 
acid (then called fixed air) was a compound of 
O and the element which is the essential element 
of coal; to this element ho gave the name car- 
bone. Graphite was long considered to he a 
kind of lead; Sclieele, in 1799, showed it to be 
closely related to coal; he regarded it :|s a com¬ 
pound of iron and carbon, but Kastner prfrvcd 
that the irGn found in graphite wosjonly an 
impurity, and that pure graphite is a form of 
carbon. 

Occurrence. — CarJjon occuts as diamond and 
graphite, the former is pure, the latter some¬ 
times approximately pure, *irbon ; many com¬ 
pounds of C occur in nature ; the crfiief are # C0 2 
in the air and all waters, mineAl carbonates c.g. 
of Ca and Mg, and compounds with II, O, N, and 
sometimes P and S, in all animal grid vegetable 
organisms. Diamonds are found in India, 
Borneo, Brazil, the Cape, &c.; '(graphite, in 
Oppberlftnd, California, Siberia, Ac. Berthelot 


( G . R . 73, 494) found graphite in a meteorite 
which fell near Melbourne (Australia); and 
Fletoher found a oubic form eft graphite in a 
meteorite from Western Australia ( Minerdlog . 
Mag., Jan. 1887). Graphite is found both amor¬ 
phous and foliated. Coal, anthracite, peat, &c., 
contain from 50 to 95 p.o./f carbon. 

Formation. —Many attempts have been made 
to fonf diamond; none has been certainly suc¬ 
cessful (v. Liebig, Agriculturoiicmic [1840] 4J85; 
Wilson, J. 1850. 697 ; Favre, J. 1856. 828 [from 
CCi 4 ]; Dcsprctz, G. It. 37, 369 [cleolric current 
for a month from Pt to C pole]; Simmler, P. 
105,400 [crystallisation from liquid COJ; Lion-* 
net, G. It. 6^, 213 [from CSJ; Chuncourtois, 
C. C. 1866. 1037 [oxidation of hydrocarbon]; 
Rossi, C. li. 03?403; Tlannay^ Pr. 30, 188 a. 
450 [action of Mg, and Li, on gaseous hydrocar¬ 
bons mixed with N-containing compounds at 
very high temperatures and pressures]; Mars- 
don, Pr. E. 11, 20 [by dissolving amorphous C 
in molten AgJ). Graphite is formed:—1. By 
healing charcoal with molten iron, and dissolv¬ 
ing out the Fo by 1101 and IINO.,Aq.—2. By 
the slow decomposition of IlONAq, and boiling 
the product with JINO.,Aq (Wagner, J. C. T. 
1869. 230). — 3. By evaporating the mother 
liquors obtained in making soda; these con¬ 
tain CN compounds which are decomposed 
at a certain concentration of tho liquid with 
formation of NIT, and graphite (Pauli, D. P. J. 
161, 129; SchalTm*r, IF. J. 1869. 250).—4. By 
leading CO over Fe.,0, at 8()l) o -400 o (Griinor, 
C. 1$ 73, 28 ; Sting], B. 6, 392). Amorphous C 
is also formed (BerthoJ##, G. 11. 73, 494).—5. By 
the decomposition of^CtL at; high temperatures. 
6. By leading CCl 4 ovcr molten pig-iron (Deville, 
A. Ch. [3] 49, 72). Amorphous carbon is formed 
in many ways:—1. By heating wood, coal, or 
almost any animal or vegetable matter, out of 
contact with air. to a Ijigh temperature.—2. By 
the incomplete combustion of wax, tallow, oil, or 
other combustible c^ni pounds of 0 mid H.—3. 
By decomposing, at a very high temperature and 
out of contact with air, the gaseous C compounds 
obtained in the production of gas from coal: the 
carbon "thus obtained is very hard (v. Proper¬ 
ties). 

Preparation.- Pure graphite is obtained by 
Intimately mixing 11 parts of finely powdered 
foliated graphite with 1 part KC10 3 and 2 parts 
cone. H..S0 4 , heating on tho water-bath so long 
as Cl ''mnes off, washing repeatedly with hot 
water dr^ng # and fronting to remove II^SO.: if 
the graphitt# contains silica it is treated with 
NaF and H a S0 4 , besides treatment #.vitli KC10 a 
and II..S0 4 (Brodie, T. 1860.1; v. also Winckler, 
J.pr. 98, 243 ; Stir./l, 11. 6, 391). 

Amorphous carboiys prepared approximately 
pure by strongly heating cano sugar in a closed 
Ft crucible, boilhfcg tho charcoal thus produced 
with (1) cone. TIClAq, (2) KOIIAq, (3) water, 
drying, heating to full redness in a stream of 
^ry Cl and allowing to f|iol .in tho $ame; H is 
removed as HC1, O as £0, also traces of Si0 3 , 
Fe 2 O s , &o. as SiCl 4 , FeXl,, AlgO^, Ac. The 
soot from semi-burnt turpentine oil, after treat* 
ment with ether, and heating to a high 
temperature in a closed vessel, is approximately 
pure carbon. It seems to be impossible to obtain 
finely divided amorphous 0 quite free from guafl 
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such as H, 0, or 01; even when purified as de¬ 
scribed it retains traces of Cl, this may be 
removed bv strongly heating in fionneotion with 
a Sprengel pump, but on exposure to the air 
considerable quantities of 0, C0 2 , <feo. are 
quickly absorbed. The absorbed gases cannot 
bo removed by heafcng at ordinary pressures; 
Erdmann a. March ah d (J. pr. 23, 169) found 
•2 p.c. H and *5 p.c. 0 in sugar-charcoqj which 
lia£ been heatedjiearly to whiteness for 3 hours. 
According to Porcher ( G. N. 44, 203) amorphous 
C free from H, 0, and N is obtained by parsing 
CC1 4 vapour over hot pure Na in a hard glass 
tubo, and then heating tho 0 obtained to a 
little under the temperature atcwliich burning 
begins. A very har? 1 kind of amorphous carbon 
is formed by -placing wood (bo£' ( ash, cider, lilac, 
or oak), or flux’, hemp, cotton, paper, or silk, in 
a porcelain tube, driving out all air by C»S* 
vapour and then gradually heating to redness 
for an hour (Sidol, C. It. 70, 005*.' Tho harder 
the wood and tho higher the temperature to 
which it is heated, tho harder and denser is the | 
carbon produced. Various materials consisting 1 - 
mainly of carbon arc prepared for industrial ( 
use; charcoal , by partially burning piles of j 
wood covered with turf or earth, or by the dry j 
distillation of wood; coke, by heating coal in j 
iron retorts arranged so that the liquid and 
gaseous products may be separated from the 
residual carbonaceous matter; lamp black , by 
partially burning tallow, turpentine, <fec M and 
condensing the soot on cold surfaces; animal 
char (which however contains only aboufalO 20 
p.o. C) by heating bon oc un closed vessels. 

Properties. — Unchanged by action of acids; 
has not been melted or vaporised. 

Diamond is a colourless, transparent, very 
refractive and dispersive, crystalline, solid; some 
diamonds are coloured yellow, brown, blue, or 
black. Diamond is the hardest substance known, 
but rather brittle; very b&d conductor of electricity 
and heaV C.E. small? especially at low tem¬ 
peratures, at - 42° = {ft Unchanged by heating 
out of contact with air to 1300°-1100°; but 
placed between tho carbon poles of a powerful 
battery it glows brilliantly, swells uf-’, splits, 
and after cooling tho surface resembles coke 
from bituminous coal (comp. Hose, P. 168, 497; 
v. Schrolter, Sitz. W. [2] 03, 402; Morro., 
C. It. 70, 990; Jacquelain, A. 04, 250; Gassiot, 
Ph. C. 1850. 893; Baumhauer, Ar. N. 8, 1). 
Unchanged when heated to whiteness in water- 
vapour (Baumhauer, lx.). k Strongly Jicatod in a 
stream of O, diamond is corai?U'tely burnt to 
CO*; it niay also be burnt by heating with 
molten KNO,; or, very slowly, by powdering 
finely and heating with K.,O..0 ; , IL.S0 4 , and a 
little H*0 (Rogers, J.'pr. 50, 411). 

Graphite occurs native both crystalline 
( foliated) and amorphous ;t it forms a grey, 
metal-like, hard, opaque, solid; fair conductor 
of electricity, especially after purification by 
KC10„ &q. (/’ supra'y fair conductor of heats; 
is not changed by healing out of contact v.itJh 
air; burns*n O to C(1 at a high temperature, 
but more slowly than diamond; burnt to C0 2 , 
more easily than diamond, by molten KN0 3 , or 
by K 2 Cr 2 0 T and II 2 S0 4 Aq; also by heating with 
various metallic oxides. When graphite is 
lifted with KCIO, and IINO a Aq a oompound of 


G„H, and O is formed, called by Brodie graphitic 
acid (probably C u H.O & ); this body is not ob¬ 
tained from diamond or amorphous carbon (v. 
Reactions , No. ffl. ® 

The cgraphi^e-like form of coke whioh is 
formed in the upper parts of the retorts in which 
coal is heated for gas-making, or is obtained by 
passing hydrocarbon vapours through red-hot 
porcelain or iron tubes, is an extremely hard, 
metal-like, lustrdu% sonorous solid; S.G. 
(2*356) nearly same as that of graphite; it is 
a good conductor of electrioity and a fair con¬ 
ductor of heat; burns with difficulty; it contains 
no H, and lekves only from -2 to *3 p.c. ash 
(Marchand a. Meyer). 

Amorphous carbon (sugar-oharcoal; lamp¬ 
black) is a dense, black, powfoh ; it is ex¬ 
tremely slowly acted on by anyt-reagents, even 
energetic oxidisers; non-conductor of electricity. 
Tho harder forms of amorphous carbon, obtained 
by ealcinirfg hard woods at high temperatures 
out of contact with air, somewhat resemble 
graphite in appearance, they aro more or less 
lustrous, conduct electricity fairly well, and 
burn slowly when heated in air or 0. Ordinary 
amorphous C, or ordinary wood charcoal, ab¬ 
sorbs large volumes of gases: Saussure {0. A. 
47, 113) gives the following volumes absorbed 
by 1 vol. box-clmrcoal at 12° and 724 mm.: 
NH, 90, nCl 85, SO., G5, H.,S 55, N 2 0 40, 
CO., 35, CO 9*4, C*H 4 35, 0 9 2, N 7*5, U 1*75. 
Hunter (P. M. [4] 29, 116; G. J. [2] 3, 285; 
5, 160; 6, 186; 8, 73; 9, 76; 10, G49) gives 
these numbers for 1 volume cocoa-nut charcoal 
at 0° and 760 mm.; NH., 171*7, CN 1075, 
NO 80*3, Cf{,Cl 704, (CII,)..0 70*2, C.,H 4 74*7, 
N.,0 70*5, PH, 09*1, CO,, 67*7, CO 21*2", O 17*9. 
According to Angus Smith (Pr. 28, 322) absorp¬ 
tion of gasefc.-by charcoal takes place in definite 
volumes; thus if.,the vol. of H absorbed under 
definite conditidfis is 1, tho vol. of 0 — 8, CO— 6, 
CO,, = 2‘Jj N s* 4*66. Chemical reayfcAf somo- 
timos occurs between gases absorbod by char* 
co.'ft; Ichus, IICl is produced by leading H over 
| charcoal which lias absorbed Cl, and S0 2 C1 2 by 
leading S0 2 over charcoal under the same con¬ 
ditions. The absorbed gases aro removed in 
vacuo. Recently heated porous wood char¬ 
coal removes many colouring matters, c.g. 
indigo, from solutions; it also removes fusel oil 
from weak alcohol, alkaloids from aqueous 
solutions, many metallic salts from solutions, 
&c.; in sdftio cases chemical change is pro¬ 
duced, e.g. CuSOjAq and AgNO^Aq aro reduced 
with pps. of Cu and Ag (Monde, J. pr. 67, 
255; v. also Graham a. Hofmann, A. 83, 89; 
Giuliani, P. 19, 139; Weppen, A. 65, 241; 59, 
351; Favro, A. Gh. [5] 1,209; Guthe a. Harms, 
Ar. Ph * 69, 121; Stenhouse, A. 9(/J 186). 

Specific heat of carbon.—' The follow¬ 
ing numbers summarise tho chief determinations 
exclusive of those of Weber: the temperature- 
intervales about 35°-55° :— 

. Diamond: ’14$ Bettendorff a. Wiillner (P. 
133, 293); V147 Regnault (A. Gh. [3] 1, 202)} 
•3tf6 [20°-l,00ff°] Dewar (P. M. [4] 44, 461). 

Gas carbon: *165 Kopp (A. 126, 362 *, 
'Supvlbd. 3, 1 a* 289); -186 B.a.W. (Z.c.); *197 
R. (Ic.y, *32 [20°-l,000°] D. (l.c.). 

Graphite: *174 Kopp (l.c.); *188 B. a. W* 

(U)s ‘?01 B. (lx.). 
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■p, Wood charcoal: ‘git'R. (If.). • 

ta 1874 Weber made careful determinations 
ol the S.H. qt the different 'forma of oarbon at 
different temperatures; housed (1) diamond, 
(2) native graphite, (3) porous wood*cbarcoal in 
a slender filament strongly heatecfin dry Cl and 
sealed at once in a glass tube. His chief results 
were as follows {v. P.M. [4] 49, 161 a. 276) 

* Diamond. 

Temp. -50° +10° #5°» 250° 606° 985° 
S.H. '0636 -1128 -1765 '3026 -4408 -4529 
Graphite. 

Temp. —60° +10° 61° 20l°«250° 641° 978° 
S.H. * '1138 -1601 -199 '2966 '325 -4454 '467 
Wood Charcoal. 

Temp. 0°~23° 0°-99° 0°-223° 

S.H. * -1663 -1935 -2386 

These numbers show that the S.H. increases as 
temp, increases, but that the rfito of this in¬ 
crease is much smallor at high than at low 
temperatures. From 600° onwards the S.H. of 
diamond is the some as that of graphite; %s 
the values for wood charcoal aro nearly the same 
as those for graphite for the same temperature- 
intervals, the conclusions may fairly bo drawn 
that at temperatures above 600 ’ the different 
forms of carbon have all the same 8.11., and Dial 
at lower temperatures there arc two values for 
tljo S.H., one belonging to graphite and amor¬ 
phous C, the other to diamond. 

Allotropy of carbon. Carbon exhibits 
allotropic changes in a marked way; diamond 
may bo, superficially at any rate, changed to 
graph!to ; amorphous Cmay also bo changed to 
graphite ; each of the three varieties is charac¬ 
terised by special properties. The S.G. of each 
is cliaraf. icristic. The in "x. * combustion (w. 
supra) aro diltcrent. Tlip S.lf.s aro not the i 
same; but Weber’s resnlt3“iond to show that, 
ai"P£fc-£ds 8.11., there is but one f.ynn of C ex- 
isting a*temperatures above 600°. Amorphous 
C remained unchanged when subjected to a 
pressure of 6,000 7,0(10 atmos. (Spring, A. Ch. 
[5] 22, W0). The three forms are clearly dis¬ 
tinguished, chemically, by their reactions with 
KClOj and UNO, (v. Jicacliuns, No. 9). 

A tomic weight —Determined (1) by burn¬ 
ing diamond in O and weighing (he CO- produced* 
(Dumas a. Stas, A. Ch. [3] i, 5; h.rdnmnn a. 
Mavchand, ,T. pr. 23, lot); lloscoe, A. Ch. [6] 
26,136; Friedel, Bl. [2] 41,100) A (2) by heating 
silver acetato and weighing Die Ag (Marignac, 
A. 69, 287); (3) by heating Ag salts (oxalate and 
acotate) and weighing tho Ag and * 0- formed 
(Maumenb, A. Ch. [3] 18, 41). Tip m-.au of 
all the (closely agreeing) results is' 1197 

(0 = 16-9(5. . , 

Chemical properties.— The atom of 
C is tetravalent in gaseous molecules (C11„'CC1„ 
CBr,, <ftc.). The atomicity, of tho molecule of 
C is unknown, as tfie element has not,been gasi¬ 
fied ; certain eonsideratiyis, e.g. tho increases 
in S.H. as temperature increase* and perhaps* 
the character of the spectrum, seem to indicate 
that the molecule of C is probably composed of 
several atoms. , - 

Carbon is distinctly a non-metallio clement; 
it does not replace tho H of acids to form salts; 
It forms stable, but easily gasified, compounds 


with the halogens; its oxides, and also the 
sulphide CS,, are distinctly aoidio in their re¬ 
actions ; it exhibits allotropy in a most deoided 
way; the spectrum of C is very complex ; yet in 
some of the physical properties of graphite and 
dense amorphous carbon, this element approaches 
tho metals ( v. supra).J Carbon stands at the 
beginning of Group IV. fin the periodic classifica¬ 
tion -if the elements; tho other members of this 
grou^i, except Si, are more metallic th-yr non- 
metallie ; C shows c!osri' relations to ’Si, the first 
Sdd-serics member of tho group, than to any 
other element in tlu* group (r. Camion onour or 
klemknts). Both elements are remarkable for 
the great number of compounds which they 
form with II, O, and N 9 Most of the elements 
of Group IV.^bxcept C, form characteristic com¬ 
pounds with F, or double compounds with F and 
other elements. 

Hcactiwis. —1. Unchanged by action of acids. 
2. Heat, in absence of air, produces no change 
(comp. Properties of Diamond). — 3. When 
strongly heated in excess of oxygen, CO, is 
formed: the combination is much retarded if 
tho C and 0 are carefully dried (Baker, C. J. 
47, 349).—4. Heated with sulphuric acid and 
potassium dirhrovuite C is slowly burnt to CO,. 
5. Oxidised to CO., by heating with molten 
nitrate or chlorateof potassium. —6. Kcacts with 
sulphur vapour at high temperaturos to form 
CS..--7. Combines with hydrogen to form C,H,; 
by passing electric sparks between C poles in 
atmosphere of H.—8. Combines indirectly with 
ni'fogcn to form cyanogen.—9. Graphite is oxi¬ 
dised by potassium DJoratc and nitric acid to 
graphitic acid (?ar,ll,0 5 or C.,11,0,). Brodio 
(2’. 1859. 2411) heated an intimate mixture of 1 
I part purified and very finely divided graphite and 
3 parts KClO.j, with enough very cone. IINOjAq 
to bring all into solution, at 60° for 3-4 days, 
until yellow vapour ceased to como off; the 
contents of tae let'ort wore thou poured into 
lunch »ub-r; .flip iftsoluldc matter was tho¬ 
roughly washed by itccanlution, dried oil a 
Water-bath, ami again oxidised by K.C10 S and 
HNO.Aq, as before. These operations were 
repeirted (usually 4 times) until no further 
change was produced, and tho insoluble 
matter formed a clear-yellow solid. Analysis of 
this yellow solid, dried at 100", gave tho formula 
C„H ( 0 5 . This body—called graphitic acid by 
Brodie — forms small, transparent, lustrous, 
yellow plates; it is slightly soluble in water * 
ins -lub 1 /! in water containing acids or salts; 
turns blu*‘litmus slightly red; shakeHi with 
solutions of alkaline liases it appears to form 
insoluble salts, but tho composition of these is 
very uncertain; wuon heated it burns explo* 
sivcly, leaving a line, black residue; it is easily 
decomposed b% reducing agents such as (NH,)H8, 
SnCL,, HIAq, A*. (u. infra). Brodie supposed 
this body to be a compound of a hypothetical 
element which he called graphon, and to which 
ho gave the atomic weight 33; bp formulated 
graphitic acid as Gr.ft.O,, and regarded it as 
tlio carbon analogue of a silicic* acid Ki,H,0, 
obtained by Wohler from graphitoidal silicon. 
Gottschalk (J.pr. 95,321) placeda very intimate 
mixture ol 1 part (50 grins.) purified, very finely 
divided graphite with 3 parts KC10, in a large 
flask surrounded by ice-eold water, and^verj 
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•lowly added enough HNO,Aq, S.G. 1-525, to 
completely moisten the whole; he then digested 
at 50° to (50°, and then at 60° to 70°, for 26-80 
hours; he poured off the greater part of the 
acid and dissolved KNO s , washed with hot water 
by decantation, dried in vacuo and then at 100° ; 
he repeated this treatmpnt 5 or 6 times ; finally 
he washed the residue Vith HNO a Aq 1-28, 
removed the acid by pressing between papa- and 
then Ijy washing witji alcohol, washed with .father 
to removd alcohol, pressed again, and dried on 
the water-bath in the dark. Gottschalk’ , a 
analyses lead to the formula C,,n,O rt for 
graphitic acid; he describes a salt, C : ,.,li, u K 2 O IH , I 
obtained by treating with cone. KOIlAq and 
washing with cold watt r. 

The action of KC10 3 and IINGj on graphite 
has also been investigated by Stingl ( B. G, 391), 
and by Berthelot (A, Gh . [4] 19, 399). Bertlielot 
calls the compound produced as described 
graphitic oxide, he says it does not react as an 
acid; he calls the carbon-like mass left on 
heating graphitic oxide pyrographitic oxide.; 
the body is completely dissolved by heating with 
KCK), and UNO.,. The porous, amorphous, 
insolublo body obtained by heating 1 part 
graphitic oxide with 20 parts HIAq S.G. 2 0 
to 280°, Bertlielot calls hydrograpkitic oxide ; 
this body is not explosively decomposed by 
heating, treated with KCIO., and UNO., it yields 
graphitic oxido. There appear to be differences 
between tho graphitic acids obtained from 
different kinds of graphite. Bertlielot distin¬ 
guishes the three ailotropic forms of carbon^by 
their reactions with K(*U 2 and cone. HN0 3 ; 
amorphous carbon is oxitlist\) to brown humus¬ 
like bodies, which dissolve in water; graphite 
forms graphitic acid; diamond is unchanged. — 
10. Both graphite and amorphous carbon aro 
said to yield mcllitic acid C„(C(X11) 6 by the 
action of K. 4 Mn 2 0 H in KOliAq (Schulze, B. 4, 
802).— 11. Carbon combines with many metals 
whon strongly heated with them, c.g. with Fe, 
Ni, Co, <%c.; nono of tlftsc carbides has been 
isolated as a pure compound ( v . Carbides). 

Carbon, halogen compounds of. Carbon 
does not combine directly with the halfgens. 
These compounds are represented by the formal© 
CX 4 , C a X H , and C.,X 4 , where X - Br or Cl; when 
X = I only CX 4 is known: no fiuoride of C has 
been isolated. The chlorides have been gasified 
and V.D. of each determined; the formul© are 
therefore molecular. The bromides decompose, 
partially or wholly, when heated: the formul© 
are prwbably molecular. The iodlty? is easily 
separated by Jieat into C and I. The methods 
of preparation, and reactions, of the chlorides 
and bromides aro very similar. [C,CP] = 21,030; 
[C*,C1 4 ] ® —1,150 (at const, press. Thomsen). 
Besides these compounds, seteral bromochlorides 
of carbon exist; CBrCl a ; two ispmoric C.J3r 2 Cl 4 , 
CjB^Clj, CoBr a Cl, C 2 Br 2 CI 2 , C.J3r. ( Cl. [For more 
details of the halogen compounds of carbon v. 
the halogen derivatives oi Ethane, Ethylene, 
and Methane-.] “ 

Carbon BifciMiDES. Carbon dibromide 
GjBr 4 ITetrabromcthylene) . White crystals; 
M.P. 63° j produced by heating CJSi-, or better, 
by reduoing OjBr, with Zn and H ; SO,Aq; also by 
reacting with Br on alcohol or ether, adding 
KOH^q to remove HBr, and distilling ; or by 


treating C,HBr,.Br- with alcoholic KOH (Lag. 
no*, O. J. 14, a09j. Decomposed by hot Zn, 
Cu, Fe, ZnO, OaO, Ao., giving metallic bromide 
and 0 or OO, (Ww%, A. 8,292). V 

Carbob tribgomide CJh s (Hexabromidi 
Tetrabromettylene dibromide). Hard, reotan- 
gular prisms, easily soluble in CS„ insoluble in 
alcohol or ether j decomposed to CjBr, and Br, 
at 200°. Produced .by broininatinf- O a H,Br,, 
and by heating C 2 IH3i) with Br and H,0 to 
170°-180° (Keboul, I. 124,271). 

Carbon tetrabromide CBr, (Tetra- 
bromo-methane). White lustrous tables; S.G. 
3-12 ; M.P. 91°. ''B.P. 189-5° (at 700 mnp) with 
partrnl decomposition. Insol. in water, very sol. 
in alcohol, ether, or CHC1 3 . Partially decom¬ 
posed with liberation of Br, at 20(r; with alco¬ 
hol at 100° gives HBr, CIIBr,, and? CH 3 .CIIO; 
with alcoholic NII 3 at 100° gives CHBr a and a 
little guanidine. Formed by the reaction between 
(1) Br, in prJsenco of I or SbBr 3 , and CHBr s or 
OS, or CBr 3 (NO..) ; (2) Br, in presence of I, and 
CliCl s . Beat prepared by heating 1 part CS a 
i with 1.4 parts I and 7 parts d3r to 150°-160° for 
l 48 hours in a closed tube, shaking contents of 
; tube with NaOHAq, distilling in steam, pressing 
between paper, and crystallising from alcohol 
(Bolas a. Groves, C. J. [2] 8,161; 9, 773). 

Carbon Chlorides. Carbon dichloride 
C 2 Cl 4 ( Tctrachlorcthylcne ). Colourless liquid; 
ethereal odour; S.G. at 10° 1*G2 (It.), 1*012 (G*.); 
j S.G. at 0° 1*0595 (B.). B.P. 122° (It.), 11G*7° 
| (G.), 121° (B.). V.D. 5*82. Easily combines 
! with Cl in sunlight forming C 2 C1„. Prepared by 
| reducing C 2 C1„; C 2 Cl a is placed in a flask with 
! water and Zn, II,.S0 4 Aq is added from time to 
j time, the flask being kept cold and frequently 
| shaken; tho C.,C1 4 is distilled over in steam, 
l dried, and fraeftfonated (Faraday, T. 1821. 47; 

; Begnault, A. Gh. 377; Geuther, A. 107, 
212; Bourgoin, Bl. 23, 344). 
j Carbof* trichloride C 2 C1 8 ^Tetra - 
i chlorcfiyTinc dichloride. Carbon liexachloride). 
Hard, colourless, rhombic prisms ; S.G. 2-0. 
M.P. 187° and B.P. the same (Stadel a. Ilahn, 

B. 9,1735). V.D. 8-15. Insol. in H,6, so!, in 
i alcohol or ether. Easily reduced, e.g. by Zn and 
| ILSO^Aq, or by alcoholic KHS, to C a Cl 4 ; with 
I^KOHAq at 200° gives KC1, H 2 0, and K a C 2 0 4 . 
'Prepared by leading Cl into boiling C 2 H 4 C1 2 till 

saturated, cooling by ice, pressing between 
paper, dissolving in alcohol, ppg. by H a O, press¬ 
ing, and crystallising from alcohol (Faraday, T, 
1821. 47; Begnault, A. Ch. 09, 1G5; 71, 371; 
Liebig, A. 1, 219; Geuther, A. GO, 247; Ber- 
thelotj A. 109,118). 

Cqrbo*h tetrachloride CC1 4 ( Tetra - 
chloro-methane). Colourless liquid, wifci ethereal 
odour; S.U.g 1-63195; B.F. 76-74° (Thorpe, 

C. J.'37, 199). V.D. 6-24. Prepared by leading 
dry 01 into boiling„CHCl, containing a little 
HbCl 3 or IQ! , in a large flask*with inverted oon. 
•denser, removing excess of Cl by shaking with 
•Hg, and fra\ionating. Also by passing CS, 

and Oi through a 4ot porcelain tube (Kolbe, A. 
45, 41; 54,148). Unchanged by KOHAq; with 
alchholio KOH slowly gives KOI, K,CO„ and 
H,0; passed through a hot tube gives C,C1,, 
0,0,, and C ; heated with SO, gives COCL and 
| S,0,CI,; with P a O, gives POC1, and COCi, 
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(Regnault, A.Ch. 71, 877; Dumas, A. Ch. 73, j 
05). * 

Carbon iodim. CI 4 . Dark red octahedra ; 
S.G. !9? 4*32; sol. in alcohol, ejner, or CS.„ De¬ 
composed by heat to C and I; < boil«d[ with H 2 0 
or dilute HIAq gives CHI r Prepare* by mixing 
equal vols. CCl 4 andCS 3 with saturated solution 
of A1.I„ in CS 8 , then diluting with H„0 out of 
contact with*air. The solution of Al./l a is pre- ; 
pared by placing the propir quantities of Al (in 
small pieces) and I in a stoppered llask and 
adding 3 times the quantity of CS 3 (Gustavson 

B. 14,1705). ' * 

Carbon Bkomochlorides : Trichlorobrvmo- 
victhane CCl 3 Br; two tetmchlorodibromo-ethanes 

C. ,Cl 4 Br 8 ; dj^lorotctrabromo-cthaue C..CLBr, ; 
chloropcntatiromo-ethane CXlBr,, ; dichtorodi- 
bromo-cthylcn^C.fil.Jir.r, chlorotribromo-ethylcnc 

„ C.ClBr a (v. these compounds under Methane, 
Etiiank, and Ethylene). 

Carbon, hydrate of (?) By treating pig-iron 
with (1) CuSO,Aq, (2) FcX^Aq containing IIC1, 
a brownish-black substance remains, contain- % 
ing, according to Sckiitzenbergei* a. Bourgeois 
(C. 11. 80, Oil) carbon and water in the ratio 
11C:3IL,0. Besides tile C and IRO, the sub¬ 
stance gives about 10 p.c. ash. It loses 31 DO 
at 250°. 

Carbon nitride = Cyanogen (q. y.). 

Carbon, oxides of. Two oxides certainly 
existf CO and CO.,; these formula? are molecular; 
each bears the relation of anhydride to an acid, 
CO is formic anhydride (the acid is 11,00.,), 
CO, is carbonic anhydride (the acid is 11,C0 3 ) 
(v. infra). Both oxides can bo obtained by 
direct combination of O with C; either can bo 
produced from the other, by combining with O 
or with C, respectively. Both t»ve stable gases; 
CO is an energetic reducer ; CO, in a few cases 
acts as an oxidiser. Brodick,(V. *21, 215) and | 
Bertjjfclqt (Bl. [2] 21, 102) have described ; 
bodies, *p-X ! ) uce< ^ ky the induced eltfUrio dis- ; 
charge on <3t), as oxides of C. Brodie goticed | 
a gradual diminution in vol. of the CO and the i 
formation of a rod-brown film on the glass tube; : 
the solid was soluble in water giving a markedly , 
acid solution; its composition appeared to differ i 
in different experiments; Brodie gives the for- ! 
multe C 4 0 3 and 0^,0 4 . Bert helot got brown, j 
amorphous, humus-like bodies which dissolved j 
in water with acid reactions, gave brown pps. 
with AgNO.,Aq, BaOAq, and Tb2NO ; ,Aq; at 
300°-400° CO and CO., (equal vols.) \ftre evolved, 
and another dark body remained, to which B. 
gave tire composition C„0 ;) . B. also (/l. Ch. [5] 
17, 142) states that by the action of electric 
sparks on pure C0 2 a gas was product«1 which 
reacted violently with Hg and oxidisable bodies. j 

Carbon monoxide. CO. (Carbonic •oxide j i 
more properly, although rarely, carbonousoxiitj; j 
formic anhydride.) Mol. w. 27*93. S.G. *11078 • 
(air-1). V.D. 14. ,(c.-18#°) (Wroblcwski, 
C. B. 98, 982). S.H. p. *2340. S.H. v f *10844 
(E. Wiedemann, P. 157,1). 0.E. *003007 (Reg-* 
nault). S. (6°) *0287; (9°) *0209; (18*5°) *02315 
(Bunsen). S. alcohol (2°) *20350; (13°) 
•20416 ; (10°) *20506 ; (24°) *2045^ 

(Bunsen), go—1*000301; = 1*000350 ; 41 ,, =* 

1*000391 (Croullebois, A. Ch. [4] 20, 130). 
[CO, O]*• 67,960 at const, press., and 07,070 at 
const, vol.; [C,0]» 29,000, and 29,290, respec- j 
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tively (Thomsen). Does not exactly obey Boyle’a 

law; — -100293 (Regnault, Acad. 18G2. 26, 
p,v, 

229). Liquefied by cooling to -136° at pressure 
of 200-300 atmos. and then decreasing pressure, 
not too quickly, to not les/Vthan 50 atm®s. (Wro¬ 
blcwski a. Olszewski, A. Ch. [0] 1, 112 ; v. also 
Natter. j*, W. A. B. 12, 199 ; and Cailletet, C. R. 
85,1213 a. 1217, and A. Ch. [5J 15, 132}. i>irst 
obtained in 1770, by Lasomic, by heating C with 
ZnO ; obtained by Triestly, in 1790, by heating 
charcoal with iron oxide, but supposed by him 
to be H; proved by Cruipkshank not to be a* 
hydrocarbon ; b'lio composition determined by 
j Clement and Desormes. 1 

Occurrence. - In the gas« s bin ning coal 
• or charcoal; from the partial combustion or 
putrefaction of organic matter; or from the 
! reduction of jnetallic oxides by charcoal, c.<j. in 
! the blast-furnace (Baroswil, J. Bk. [3) 25, 172; 
Bunsen, P. 40, 193 ; 50, Hi ). During the oxidu- 
^ tion of gallic and tannic acids by exposure to air 
, in alkaiino solutions (Boussingault, A. Ch. [3J 
1 00, 295; Calvert, C. It. 57, 873). In pig-iron 
! and steel according to Troost a. ILaulcfcuillc, also 
Tarry (./. 1873. 997; 1874. 1083). 

Formation .—1. By passing steam over excess 
of red-hot C ; the product may contain about 
281 p.c. CO, 50} p.c. if, 141 p.c. CO,, and 
traces of CIl, (v. Naumami a. Tistor, B. 18,104). 
2. Bypassing a slow current of CO., over red-hot 
C, and washing the gases through KOflAq and 
Boda-xime.—3. By heating CO._, with those me¬ 
tallic oxides which do, rJ?t readily part with O, 
e.tj. ZnO, TbO, Tc 3 0, # oxides which readily give 
up O yield but little CO, as it is again oxidised 
j to CO,. 4. By passing CO* over red-hot Cu, or 
I over hot Zu-dust (Noack, B. 10, 75).- 5. By 
heating CO., to 1300° (Deville, G. It. 59, 873).-— 
0. By electric sparks through CO* (Buff a. Hof¬ 
mann, A. 113. 140).—^ By heating powdered 
CaCO., or K,CO ;l with <me-sixth its ^Weight of 
powdered chare(>al; Na.SO, heated with C alsd 
yields CO (with Na 8 S).—8. In very small quanti¬ 
ties (with COS) by passing CO* and S vapour 
through a red-hot tube (Berthelot, A. Ch. [5] 
30, 547).—9. By heating dry 1I,C 3 0 4 , or by- 
reaction between H 3 C..O, or an oxalate and hot 
cone. H 2 SO,.—10. By heating ll.CO.dl, or a 
formate, with cone. 11 SO,. 

Preparation. — 1. One pt. dry powdered 
K,Fe(CN) u is heated, in a capacious vessel, with 
8-10 pts. fcone* Jl 2 H0 4 ; as soon as frothing 
begins tho h#np is lowered to a small llame; 
tlie gas is passed through milk of® lime and 
KOllAq, to remove CO. and the SO* formed in 
the process; SO... is evolved only in the earlier 
stages of the reaction ^Grmim u. ltamdohr, A. 
98, 127). 15 g. K ! 'o(CN),. yield about 4 litres CO: 

K,F (0:#) (; l 0H 3 SO 4 + «H 3 O 
= 6CO + 2K 2 S0 4 + 8(NiI,)*SO, + FeS0 4 (Fownes), 
2. Dry CaC.,0 4 , or BaC 2 0 4 , is mixed with about 
pt. dry OaO JI 2 , and tl.q mixture is strongly 
heated in a hard glass .'task; the gas is passed 
tlirough milk of lime, and is then dried;— 
CaC*0| gives CaC0 3 + CO ; the CaH*O s absorbs 
any C0 2 formed.— 3. According to Chcrrier 
(C. It. 69, 138) pure CO may bo prepared by 
passing the gases produced by heating H*C*0 4 
with H 2 SO # through a red-hot tube filled with 
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charcoal, and then through a mixture of CaOAq 
and KOHAq. 

Properties.— A colourless, tasteless, slightly 
odorous gas; liquefied at low temperature and 
great pressure (v . supra). CO is combustible 
but a non-supporter of combustion: the tem¬ 
perature of the flanf; of CO in air as about 
1400° (Valerius, J. 1874. 58). Absorbed by C, 
and by several metals, e.g. K, Ag, An; quickly 
absftrbe# by Cu,Ci, in a little HClAq (v. Infra) ; 
decomposed at very high temperature to C vnd 
CO,; decomposed when moist by induction- 
sparks ; CO is an energetic reducer; it combines 
1 with moist KOH (or NaOU) to form K formate; 
combines directly wi^fch Cl and fir in sunlight. 
CO is extremely poisonous ; it removes 0 from 
the blood aticf aombincs with file hemoglobin. 
CO may be detected in the blood by observing 
the absorption-spectrum ; this is almost identi¬ 
cal with that of oxygenated blood, «*nd is charac¬ 
terised by two bands between I) and K ; on add¬ 
ing a little ammonium sulphide these bands dis¬ 
appear in the case of oxygenated blood, and the 
spectrum shows one band midway between D 
and E; if the blood contains CO the two bands 
remain unchanged for several days (Vogel, B. 

11, 235; Hoppe-Seyler, Fr. 3, 439). 

Reactions.— 1. Electric sparlcs cause a partial 

decomposition to CO, and C; if the CO, is re¬ 
moved the change proceeds (Berthclot, A. Ch. 
[5] 30, 547). According to Berthclot (Rl. [2] 
21, 102; A. Ch. [5] 17, 142) CO is decomposed 
by the induction-discharge , with production of 
CO, .and (?) C 4 0 : , and C 0 O 4 (v.ante ; beginning of 
this art.). According to^'uff a. llofmann ( C. J. 

12, 282) the induction-spalk docs not decompose 
dry pure CO. Dixon (C. J. 40, 103) found that 
CO was decomposed (only about J p.c. of the 
total gas) by sparks from a Leyden jar.— 2. Heated 
to about 1300° CO is partially decomposed to C 
and CO, (Deville, CAll. 59, 873).—3. A mixture 
of CO with oxygen is burnt to CO, by applica¬ 
tion of a^ilame or olegtric’sharks. Dixon (T. 
1884. 617) has proved that if both gases are 
perfectly dry no chemical change occurs when a 
spark is passed; that a mere traco pf steam 
renders the mixture explosive; that the oxida¬ 
tion of CO by O takes placo very slowly if only 
a very small quantity of steam is present; anjj 
that as the quantity of steam is increased the 
rapidity of the explosion is increased also. 
The steam acts as a carrier of O to the CO; it 
is probably reduced, and the II is then again 
oxid’sed: the reactions wftieh rccuf are very 
probably these (v. Dixon, C. J. 49, T 91): 

’* < 2CO + 211,0 = 2CO , -t- 2H„1 
i2II, + 0, = 2H,0 ‘ J* 

Or (Armstrong, C. J. jl), 112) the changes may 
be represented by the fo-mulai, before explosion 
O.H.,0.CO ; after explosion t OH,.OCO. Small 
quantities of gases other tllhn 11,0 were tried 
(H.S, C,H 4 , H,CO,, Nil,. C a H l2 , HC1; S0 2 , CS,, 
CO„ N.,0, C,N„ CC1,); if tho gas contained II, 
explosion Occurred; r the gas did not conta«i 
H the mixture did n:>l explode.—4. When a 
mixture or CO and steam is heated to about 
600°, a portion of the CO is oxidised to CO./, the 
amount of CO oxidised depends on the con¬ 
ditions (t\ Dixon, C. J. 49, 94: references to 
other memoirs are given); if the CO., is removed 
asMt is formed the whole of the CO can be 


oxidised. L. Meyer’s experiments (B. 19, 1099), 
however, seem tp prove that a mixture of drj 
CO and O can j)e exploded a very strong 
spark is used, an<i the temperature is thus mad< 
very hign. # The®gases must be under consider 
able pressure; the more dilute the gaseous 
mixture the more difficult is it to explode it.—5 
When sparks from an induction-coil are posset 
through a mixture of CO and stSkiti, CO.,, t 
little formic acid^ atd in some cases C, ar< 
formed (Dixon, &. J. 49, 94).—6. When to t 
mixture of dry CO with hydrogen , oxygen in 
sufficient for complete combustion is added , ana 
the mixture is exploded by the spark^CO. and 
II.,O are formed; the ratio of CO., to H.,0 
depends on the shape of the vqgsel, and tho 
pressure up to a certain limit; abovelhis pressure 
— the ‘ critical pressure ’—the Catio CO,:H.,0 
is independent of the shape of the vessel. The 
larger the quantity of O used the lower is the 
critical pressure. So long as the volume of H 
is moro than twice that of the O the ratio of 
, CO x 11,0:00,, x II., remains constant, provided 
no H.,0 can condense, and-the pressure is above 
the critical pressure: when the vol. of II is 
less than twice that of 6 the value of the ratio 
diminishes. The presenoe of an inort gas, e.g. N, 
increases tho formation of CO, and diminishes 
that of 11,0, hence it lowers the value of the 
ratio CO x H,0:C0, x H,. This ratio is called by 
Dixon the co-efficient of affinity of the reaction 
(v. Dixon, T. 1884. 617; C. J. 49, 94; Horst- 
mann, B. 12, 64; v. also Cnr.MioAn ciianoe). —7. 
CO is oxidised to CO, (1) by bichrome and sul¬ 
phuric acid (Ludvig, J. 1872. 218); (2) by palla¬ 
dium charged with hydrogen, in presence of 
oxygen and water , H.,0., being also produced 
(Traubo, B. 15, 2325, 2854; 16, 123; Bemsen a. 
Keiser, B. 17? 83); (3) by mixing with oxygen 
and passing ovcr^plalinum-black ; (4) by nitro¬ 
gen dioxide [NO.,] (Hasenbach, J. pr. [£1 * 1); 
(5) by lie ding with most metallic o.r\2JV; (6) by 
heating with many oxysalts, e.g. alkaline sul¬ 
phates (sulphides produced).—8. Many experi¬ 
ments have been made to determine whether 
CO is oxidised by contact with moist oxygen in 
presence of slowly oxidising phosphorus ; the 
balance of evidence seems to show that CO., is 
not produced (liemsen (and others) Am. S. [3J 
11, 316; B. 17, 83; Am. 6, 153; Lcods, B. 12, 
1836; C. N. 48, 25 ; Baumann, B. 16, 2146 ; 17, 
283).—9. CO reacts with moist potash or soda to 
form alkali F fornmto (Berthclot, A. Ch. [3] 61, 
463); the reaction proceeds most quickly at 
190° 200°, and is best accomplished by loading 
moist CO over soda-lime (Erohlich a. Geuther, 
A. * 202, 317).— 10. With ferrous oxide at 
300 7 ' 400°, CO, and a little C aro foiy.ned (Griiner, 
C. R. 76, 281).— 11. CO appears to react with 
covtain metallic peroxides to form carbonates, 
but, according to Wright a. Luff ( C. J. 33, 540), 
CO, is formed b> partial*eduction of the per- 
pxide and reacts with the lower oxide to produce 
carbonate.—12. Mt .iy of the preceding reactions 
exhibit CO Sis a reducing agent ; it also reduces 
PdCLAq to Pd.—13. When sodium or potassium 
/s heated to redness in CO, alkali carbonate and 
C ara> formed. 

Cvnibinations. —1. With potassium at about 
80° to form tlie explosive compound KCO 
(Brodie, O. /. [2] 12, 269), v. Potassium.— 
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8 . With chlartfie or bromine in sunlight, to'form 
COO!,, or. COBr,(«. Carbon, •oxvonr.oMDE, and 
oxYBBOMtBEjOg.-S. With sviphur to form COS 
(». Carbon, oxvsulrbide ot^— 4. With platinic 
chloride to form C s 0 3 PtCf, ai*l O.O.PtCl, 
fSohutzenbergor, A. Ch. [4] 21, 350).—5. CO is 
absorbed by anhydrous HCN (Bsttinger, 13. 10, 
1122); by several metals, e.g. Fe, Ag, An; by 
carbon.—b. CO does not Combine with cyano¬ 
gen, nor does it react wifc Hg(CN) 2 . 

Estiihation .—CO in a gaseous mixture is 
absorbed by Cu^Cl, solution. Thomas (C. N. 
37, G) preparos the solution h, filling a vessel 
of 120*0.0. capacity :f full of Cu turnings, 
adding 6 g. crystallised CuCI 2 and 20 e.c. cone. 
HCIAq, an#shaking until solution of the CuCl., 
is effected; he then adds 30 c.c. water and 
shakes brislfly for somo time, and then adds 
30 c.c. water. 

Carbon dioxide. CO ? . (Carbonic anhydride, 
often called carbonic acid.) Mol. w. -13'HO. S.G. 
gas 1-53; S.G. liquid 1-057-at -31’; 1-016 at 
-25°; -9GG at -11-5°; -91 at -1-0°; -84 nt 
+ 11°; *726 at +22-2° (Cailletet a. Mathias, 
C. R. 102,1202). S/t. solid (hammered) slightly 
under 1-2(Landolt,il*17,300) [-G5“] (Mitchell); 
(-57°) (Faraday); [-78-2“] (Itcgnault, A. Ch. 
[3] 26,257). V.I). 22; 22-42 at KUO’; 21-2 at 
1180° (Mayor a. Goldschmidt, II. 15, 1165). 
S.H.v. -33 (equal vol. of air -1), -21G0 (eipial 
weight of air= 1) (Regnault, C. it. 30, G7G, Ac.; 

v. also Wiedemann, P.157,21). 

H.li.v. 

to 1-305 (Amagat, Rmitgqji, C. /?. 71, 336 ; 77, 
1325). C.E. -0037 (Regnault, Magnus, Joly). 

II- = 1-00722 (Regnault, C. II. 20, 975). At 

200° CCX, obeys Boyle’s law (Amagat, C. li. OH, 
1170 ; 7*3, 183). C.E. liquid COj very large, 
J2(f at —20° become 150 voK at +30, 
(Thiloriet,>X. Ch . GO, 427). Critical tempera¬ 
ture = 30*9° (Andrews, T. 1869. 575). ' Vapour- 
pressure of liquid CO., (Regnault) in atmospheres: 
-25°, 17-i ; - 5°, 30*9 ; 0% 35-4 ; + 5°, 40 5 ; 
15°, 52-2; 25°, 06; 35°, 82-2; 15°, 1001. 
Vapour-pressuro of solid CO a (Faraday) in atinos.: 
-57°, 5*33; -70-5 3 , 2 2; -99-4°, 1 1 1. B.P. 
of solid CO a — i.e. temp, at which vapour-pressure 
= 760 mm.—is much lower than the M.P.; 
Regnault (and Pouillet) found —78* to —79° 
(P. 77, 107); Thilorier, -95° t« -98°; amj 
Faraday, as sliown by values for vapour -pressure, 
under —99°. By evaporation of solid CO.., mixed 
with ether, temp, is e. —100°. 

S. C0 2 gas (Bunsen, A. 93, If: * 

At j0° *1-7907 ! At 11° PLUG 

1 1-7207 12 1 1018 

2 1-0481 13 1 0053 * 

3 -1-5787 • 14 1-0321 

4 1-5126 15 .1-0020 

5 1-4497 m 10 0-9753 $ 

G 1-3901 17 0-9519 

7 1-3339 #18 0-9318 • 

8 1-2809 19 0-9150 

9 1-2311 20 0-9014 • 

10 1 1847 . * 

Absorption-coefficient = 

1-7907 --07761* + *001642 4P. 


S. CO* gas in alcohol (Bunsen)? 

At a-2 0 ’ 4-0442 | At 14*2° 3-2357 

6-8 3-7374 18 30391 

10-4 3-4875 I 22-6 2-8277 

Absorption-coefficient = 

. 4-32955 - -093^5* + -0012 If 3 . 

Mo = 1*000395, = 1-000156, Mo = P000496 . 

(Croujlcbois, A. Ch. [4] 20, 130; v. also Chap* 
puis a. Riviere, C. R. 103, 3?). H.F*>. 

‘M*>,9G0 ; [CO,0] = 07,900. II.F.v. [C,0'] » 

90,900 ; [C0,0] = 07,070. [C,0 ! ,Aq] = 102,840. 
[CO.O.Aq] = 73,840. fCO’.Aq] = 5,880. 

[CO •’Aq ,n N aQ1 LA q ] ; n = 1 = 11,010 ; n = 2 » 
20,184; n-4 =20,592 (Thomsen). 

Carbon dioxide has been known for con* 
tiiries. The identity of tit* gases produced 
during fermentation and by the action of acids 
on chalk was established by Black. Bergmann 
recognised ^.he same gas in tho atmosphere. 
Cavendish proved that tho same gas was pro¬ 
duced by burning charcoal. Lavoisier estab¬ 
lished the composition of the gas. Faraday 
liquefied, and Thilorier solidified, carbon di¬ 
oxide. 

Occurrence. —In tho atmosphere (v. Atmo. 
spiie it k) ; in mineral waters ; issues from the 
earth indifferent places; sometimes found liquid 
in cavities in quartz, Ac. Produced by tho 
breathing of animals, by the decay of organic 
matter, by the combustion of coal, charcoal, Arc. 

In combination as carbonate, of calcium, magne¬ 
sium, <fcc., Ac. 

9 'Formation .—1. By^mrning C in air or O.— 

2. By oxidation of tost C compounds.—3. By 
burning C<\—4. reducing many metallic 

oxides by C.—5. By heating together H.,0 and 
CO.—6. By the reaction between red hot C and 
steam.—7. By the action of steam on CaC0 3 at 
red heat.- 8. By heating a mixture of K^Cr./), 
with Na./’O r —9. By heating several carbonates. 

10. During fermentation. - 11. By reaction be¬ 
tween acids and ca'rboiv.tos. • 

Preparation. - CaCO, MgCO s in lumps" is 
treated with dilute HCIAq at tho ordinary tem¬ 
perature; the gas is passed through NallOO.,Aq 
(to remove IICl which may have passed over), 
and is then dried by CaCl 2 . Bunsen recom- 
imends the use of finely powdered chalk and 
cone. 11,80.,, and addition of a very little water. 

* Liquid carbon dioxide was obtained hy 
Faraday by decomposing (NII,) 2 CO, by IL,S0 4 Aq 
in o;,e limb of closed glass tubo bent at an 
oh .use afiglc.* Thilorier [A. Ch. 00,247) ^com¬ 
poses NftllCO., by dilute ILSC\Au in an iron* 
vessel connected with an iron eyiimler in which 
the CO._. is liquefied by its own pressure. Nattercr 
(J. pr. 35, 109) e impresses CO_, by a specially 
constructed air-pump (r. also Gore, T. 1861. 03). 

Solid carbon dioxMe is obtained by allow¬ 
ing tho liq-uu to*cscape into a tin vessel; part 
of the liquid becomes gas and part is solidified 
,Landolt allows the liquid to evaporate freely 
•into conical woollen ba^ ;• tie tlieif compresses 
the solid C0 2 in cor : ca i i moulds of hard wood by 
wooden pistons (B. 17, 309). 

Properties. —A hea\y, colourless, gas; in¬ 
combustible ; non-sup) orter of ordinary com¬ 
bustion, but strongly heated K or Na, or brightly 
burning Mg, burns in CO a . Absorbed by water, 
solution colours litmus wine-red and renefs as 

Y Y 2 
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a weak acid (v. Cabbosio acid). Absorbed by 
moist alkalis and alkaline earths forming carbo¬ 
nates ; rapidly absorbed by mixture of powdered 
KOH and hydrated Na. 2 S0 4 . Poisonous, by 
cutting off supply of 0. 

liquid carbon dioxide is a limpid, colourless, 
refractive, liquid ; noaconductor of electricity; 
not changed by strong induction-sparks; very 
expansible by heat; C.E. is greater than that of 
the #is. r Insol. water which swims the 
surface; mixes with alcohol, ether, tfcc. Dops 
not dissolve S or P; dissolves I; no reaction ! 
with Na or K (Cailletet, C. R. 75, 1271). 
r Solid carbon dioxide is a white, loose, snow- 
like, solid; when compressed by Hammering in 
wooden moulds it resembles chalk (Landolt, B. 
17, 300). Very bird conductor of'licat. Evapo¬ 
rates slowly, a specimen prepared by Landolt 
53 mm. by 71 mm. diain. took 5 hours to 
* volatilise in the air. Burns, if praised against 
the skin. 

Reactions.— 1. Ilcatcd toe. 1300° in porcelain 
tube is partly changed to CO and O (Deville, 
C. R. 513, 720 ; v. also Berthelot, C. R. 08, 
1035).—2. Partly decomposed by electric sparks; 
a condition of equilibrium is attained when 
change of CO., into CO -f- O equals that of CO 
and O into CO., (Dixon a. Lowe, C. J. 47, 571).— 
3. Mixed with hydrogen , and heated to bright 
redness or submitted to induct ion-sparks , H.O 
and CO are formed; if 1LO is removed the 
wholo of the C0 2 goes to CO (Dixon, C. J. 40, 
04). According to Dubrunfaut (C. R. 74, 125) 
CO a and H passed over hot pumice give Cuuid 
H 2 0.—4. A mixture offarbon dioxide and sul¬ 
phur vapour passed thrt%igh a red-hot lube 
yield a little COS, CO, and SO a (Berthelot, Bl. ( 
[2] 40, 302).— 5. With sulphuretted hydrogen , j 
passed through red-hot tube, forms CO, 1 LO and 
S (Kohler, J3.ll, 205).—G. Decomposed by chloro- 
phyll- parts of plants cn sunshine.—7. lleduced 
to CO by heating with carbon, iron or zinc, or 
with copper which has oeelulorl hydrogen (Tis- 
sandier, C. R. 74, 531; Sell rotter, W. A. B. 34, 
27).—8. Partly reduced to CO by reaction with 
ferrous sulphate and a little water, in a closed 
tube (Horsford, B. 0, 1300).— 0. lleduced to C 
by heating strongly with sodium, potassium , or 
magnesium; alkali carbonates strongly heated 
withphosphorus or boron giveC() 2 wh ich is reduced 
to C (Tennant, Crcllis A. [1793] 1,158; Pragen- 
dorff, J. 1801.111; Leeds, B. 12,1834 a. 2131).— 
10. With moist alkalis , or alkaline earths , forms 
carbonates.—11. With water probablj forms a 
■ solution of carbonic acid, ILCO ;l t (u. Caiujonic 
acid). —12. With sodium- or])otassium-amalgam 
at c. 350° gives Na (or K) oxalate (Drechscl, d. 
140, 141).—13. With sodium C0 2 Aq reacts to 
give Na formate (Kolbd av-Schmitt, A. 119, 251). 
14. Decomposes moist potassium iodide at high 
temperature giving III (Papaaogli, O. 1881.227). 

Carbon, oxybromide of. The existence of 
a Br compound of CO analogous to COCl 2 is 
doubtful. A mixture p£ Br vapour with txccsp 
of CO is slowly, but hot fully, decolourised in 
sunlight; iU contact with KOHAq tliis gas pro¬ 
duces KBr and K 2 C0 3 (Schiel, A. Suppl. 2, 311). 
Emmerling a. Lcngyel could not obtain a trace 
of any compound of C, Br, and O, by the re¬ 
action between COS and Br at a high tempera- 
turf) (73 2, 347). By the reaction between 


H 2 S0 4 (50 parts), K^Cr^O, (20-25 parts), and 
CHBr, (5-10 pa^ts), Emmerling (B. 13, 874) 
obtained a small quantity of a lmuid, which he 
slowly distilled thjough Sb, to remove Br; he 
thus obtafned a colourless heavy liquid, smell¬ 
ing like COCL. The B.P. rose from 12° to 
30°; analyses seemed to show that the liquid 
was a mixture of COCl a and C oxybromide. 

Carbon, oxyohlofide of. COCl 2 . (Carbonyl 
chloride. Phosgoiergcfa. Chloro-carbonic acid ) 
Mol. w. 98-67. (8-2° at 756 mm.). S.G. f (liquid) 
1-432 ; 1-392 (Emmerling a. Longyel, A. 

Suppl. 7, 101). V.D. 50-6 (E. a. L.). [0,0,011 = 
51,850 at constant volume; 55,140 at oonstant 
pressure (Thomsen). First prepar*} by J. Davy 
in 1811 (S’. 1812.144) by the action of sunlight 
on C1 + CO (hence the name phosrfine). 

Formation.—1. By leading CO into boiling 
SbCl, (Hofnymn, A. 70, 139; 0. also Butlerow, 
/j. 1803. 481; Kraut, Gm.-K. I. 2, 386), or over 
hot PbCI 2 or AgCl (Gobel, J. pr. 0, 388).—2. By 
I .heating CC1, with ZnO at 200° in a closed tube; 
nr by passing CCl, and CO'through pumice in a 
tube heated to about 400°.—3. By heating CHC1 3 
(1 part), K.Cr.,0, (2.V ifarts), and H.SO, (10 
parts) at 100 a , and passing the gas over Sb to 
absorb Cl (E. a. L.).—4. By passing Cl and CO 
ovcrPt black at about 400° (Schiitzeuberger, 111. 
[2] 10, 188; 12, 198).—5. By passing Cl and 
CO., over hot C (Schiel, J. pr. 6,388). (For other 
methods v. Sclhitzenbergcr, 13. 2, 218; Dewar 
a. Cranston, C. N. 22, 171; Armstrong, B. 3, 
730.) 

Preparation. —Drv Cl and dry CO are slowly 
passed through a succession of large bottles 
freely exposed to sunlight, then through a (J- 
tubo loosely lijlcd with pieces of Sb (to remove 
free Cl), and finally into a tube surrounded by 
snow and salt. B'.feh gas should pass through 
the drying-bottles at as nearly as may Jr.' the 
same rater 100 litres CO give 140-3,1-5 g. COCl 2 
in di vi", sunlight. Paterno (G. 5, 233) passes 
the mixed gases through a tube 400 mm. long 
filled with animal charcoal: combination occurs 
with production oE beat; the tube must bo 
cooled by a wet cloth from time to tirno (u. also 
Wilm a. AVischin, A. 147,150). 

Properties.— Colourless gas with penetrating 
odour; at 8° and under it is a colourless limpid 
liquid; the gas is soluble in acetio acid, benzene, 
and several liquid hydrocarbons. 

Itcactions. —1. Water absorbs COC1, with 
formation of OO.Aq and HClAq. Berthelot 
(C. if. 87,591) gives the value [COCl-,Aq] = 04,600. 
2. Alcohol forms chlorocarbonic ether CO.Cl.OEt 
(iy. t.). — 3. Several metals decompose COCl 2> 
when hqated with it, to CO andmetanio ojjloride; 
c.g. Sb, As, Na, Sn, Zn ; potassium forms KC1, 
K.0O„ and C.—4. With slightly moist potassium 
carbonate, KC1, H.O, and CO. are formed,— 
5. Zinaoxide produces Zntll,, andC0 2 .—6. Com¬ 
bines with 4 vols.. ammonia to form urea and 
NH,Cl (Natanson, A. 98, 288; Fenton, O. J. 
35,‘■793). 

Carbon, oxysuiphide of. COS. (Carbonyl 
Sulphide.) Mol. w. 59-91. V.D. 30-4. [CO,8] = 
8,030; -[0,0,8] = 37,030; [COS,O 5 ] = 181,010 
(Thomsen). 

Occurrence .— According to Thom (d. Suppl 
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8, 236), in several mineral waters, and in vol¬ 
canic gases. ’ • 

formation#—1. By passin|CO and S vapour 
through a red-hot porcelaiaHube ^(Thotn).— 

2. By gently heating SO, wit* CS0; SO, and S 
also produced (Armstrong, B. 2, 'll?).—3. By 
action of CO, on boiling S; or by ellctric sparks 
on CO, mixed with S vapour (Cossi, B. 1, 11/; 
Chevrier, 0. R. 09,136).- 9. By leading alcohol 
and CS, ov,er red-hot Cu^CtJ-nollAiy, C. /• [21 13, 
623). K>r other methods- V. Badenburg, B. 1, 
273 ; 2, 30, 63, 271; Dewar a. Cranston, C. N. 
20,174; Salomon, J. pr. [2] 5#47U. 

Preparation .—By decomposing KCNS by 
H,SO ,Aq; KCNS +11,0 + 2lLSO,Aq 

«= COS + KHSO,Aq + NH,.TISO,Aq. KCNS is 
added to a cold mixture of 6 vols. H SO, with 4 
vols. H,0 as"long as the whole remains liquid; 
if much gas comes off tho vessel is cooled, if 
very little gas is evolved tho vessel is warmed 
gently. The gas is passed through three U 
tubes, containing (l)eott, u wool charged with 
moist HgO (to remove 11CN and formic acid). 
(2) cuttings of unvificani-ed caoutchouc (to re¬ 
move CS,), (3) CaCl.,; the gas is then collected 
over Hg (Thom). Bender (A. 1 IK, 137) recom¬ 
mends passingthegas tlirough a tube surrounded 
by snow and salt, and llofmann (B. 2, 73) through 
wool moistenod with L'i-lt,; the object in eitlior 
method being to remove CS,. 

'Properties. —Colourless, heavy, gas, with a 
pleasant somewhat aromatic odour. Colours 
moist blue litmus slightly reddish. Absorbed 
by water ; solution sometimes contains CO, and 
II,S. Very sol. in alcohol 

Reactions.— 1. Burns in air to CO, and SO,. 

2. At full red luat given CS, and CO, (IScrthclot, 

G. R. 87,,."7I). 3. With wati ’• gives CO.A.j and 

H, SAq.—4. With potash solution gives K..SAq 
and K,CO s Aq; similar regions wj', 1 - NII.,Aq, 
CrfC-Hu -md BaOAq. —5. Ammonia gas, or 
alcoholic *11„ gives CO.NH..HNH, (i*Berthelc.t, 
A. Oh. L&] 30, 689).—0. Solutions ot'sc’ts of 
copper, cadmium, lead, or silver give no pps., 
but on adding NH 3 Aq the sulphides of the 
metals are ppd.—7. The gas is decomposed by 
hot mercury, copper, silver , anil iron, giving 
sulphides; by hot sodium, giving Na,S, Na,CO„ 

and C. , . 

Carbon selenide. Caibon aim svlemon do 
not combine directly. No definite compounds 
have been isolated. Itathko obtq^ned a liquid 
which probably contained about 2 p.c. of a 
selenido of carbon (along with CC1,), by heating 
selenido of phosphorus with moist CGI, (c. -t. 

152, 181). , . . ., 

Carbon, sulphides of. Carbon Asulylmlo, 
CS„ is atwell-marked c. mpound. A iiiono- 
suiphme, <jS, probably exists. Acctrding to 
L8w a sesquisulphide, C.,S 3 , can bo obtianed 
by the action of Na amalgam on CS, (Z. 

, 9, 173; 10, 20). When sodium and CS, react 
a’red-brown solid is obtained which according 
to Baub has the composition C a S, (O'. G. 
1870.579). - „ r • 

Cabbon MONOBULPiuriE. CB. Mol. w. un¬ 
known. S.G. 1'60. CS, was exposed to sun¬ 
light for 2 months in a U tube of •special 
construction; the solid which had formed on 
the walls of the tube was removed by water, 
washed with CS,,, and dried in H (Sidot, C. R. 


69,1303; 74,180 ; 81,82). CS is a red powder ; 
insol. in water, alcohol, turpontine, and benzene. 
Somewhat soluble in GS, or ether. Dissolved 
by HNO,Aq, not by HClAq or H,SO,Aq. At 
200° gives C and S. Heated with S gives CS,. 
CS *is not produced by leading CS, over hot 
carbotf or pumice, by looting Sb,S, with C, by 
reaction between CO and 11,S,, by reaction 
between CO and II.S, by reaction between 
OH, and SO, or S,C1„ Hy heatii* (CN),S, 
Ijfc, heating Fo spiral in CS„ by electric^ sparks 
through CS„ or by reaction between CSC1, and 
hot On. . 

References.— Ilaudriinont, C. R. 44, 100; 
i Bertlielol, J. 1859.83; P'a.vfnir, C. J. 13,248; 

'. liuff a. Bnfmmin, A . 113,129 ; Hermann, J . pr . 
i 79,448; llusemaiin, A. 117, 229; Kern, C. N. 
j 33, 253; ltathke, A. 167, 195. 

: Carbon nisuLi'iiiiin. CS,. (Thiocarbomc 

anhydride .• Bnlpluwirlnnic acid.) Mol. w. 
75.93. [c. -12 j (Wai'tha B. 3, 80). (46-04 at 
760 mm.) (Thorpe, G. J. 37, 362; references in 
this paper to other determinations). S.G. 3° 
1-29215 (T.). V.D. 38. K.H. (liquid; 14°-29°) 
■2108 (Schuller, P. Krqzbd. 5,116 ; v. also Him, 

: A. Oh. [41 10, 63 and 91). S.JI. p. (equal mass 
of air —1) -1569; (equal vol. of air = l) -412 
(Uegnault). O.K. V. Thorpe ( l.c .). [C, S ! J const, 
press. = —26,010 ; const, vol. = —25,430 ; liquid 
| =-19,610; [CS=, O’] = 265,130 (Thomsen). 

For table of vapour-pressures from 0° to 50° V . 

! llamsay a. Young, C. J. 47, 053. 1-6059; 

y,i 1-0729 (at 13°) (Kimdt, IF. 4, 34). 1-or 
relations between voltyim as gas and pressure 
i t-. Jlenvig, P. 137, l'~I 141, 83 ; 147, 101. 

! Ocrurrcn ..-. — Iircrm'p ben-ole ; and in mus¬ 

tard oil. First prepared, in 1790, by .1 jampadius, 
by heating iron sulphide witli charcoal. Com¬ 
position was long uncertain. Clement a. I)cs- 
ormes ( A . Ck. 42, 121) regarded it as a com¬ 
pound of C and S ; it-waS also lliought to be a 
compound of S and Ilf and at other tunes of C, 
S, II, am 1 N. Coihpos : iion established by Vau- 
quclin, Berzelius, and lUareet, in 1812 (v. G. A. 
28, 427 a. 453 ; 48, 177 ; £>'. 9, 284; A. Ch. 83, 

! 252). t ... 

hh'rvuition. —1. By heating S with excess of 
C in a porcelain tube, condensing product in 
vessel surrounded by cold water, shaking with 
1 NuOHAq, drying by CaCl.,., and distilling irora 
water bath—2. By heating C with a metalho 
sulphide which gives off 8 at a high tempera¬ 
ture -. 0 . CuS or Mb,B v — 3 By heating wax, 
Ml- ar, resin, *e„ with B.--4. By heating(t5N) s S. 
5.' By heating CC1, with I\B, to 200'' in a close! 

i Preparation.— Commercial CS. is distilled off 
; quicklime at 60’-. , 0', I. -iving a little undistilled; 
: the distillate is sliak. n in contact with powdered 
K Mn..O„, abr it 6 grams to 1 litre CS,, for soma 
| time (to remove H.S) i it is then decanted and 
shaken thoroughly with Hg until fresh Hg is 
knot blackened (various 8 compounds, are thus 
Lremoved) • the liquid 4k jW>urud oTf and again 
shaken with Ilg.KO.Hi fabt. 25 g. salt per litre) 
until a few drops leave no trace or badly smell¬ 
ing residue when allowed to evaporate on filtei 
paper; the CS. 2 i3 poured off, allowed to stand 
in contact with CaCl a , and then distilled (froip 
a water bath) directly into the bottle in which il 
is to be preserved. It is kept in perfect naxV 
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nees (Obach, J. pr. [2] 26, 281; for other me¬ 
thods v. Sidot, C. R. 69, 1303; Friedburg, B. 8, 
1616; 9, 127; Millon, J. 1868. 928; Clo6z, 
C. R. 69, 1366). 

Properties.— Colourless, limpid, highly re¬ 
fractive, liquid ; ethereal odour when quite pure; 
vapour oven when muc^ diluted is poisoqpus, it 
stops fermentation [v. Gloez, C. R. G3, 185). 
According to Wartha (B. 3,80; 4,180) CS, may 
be solWifi^d by placing a small quantity in the 
vessel of a Carr6 freezing machine, exhausting 
the air, and then opening the stopcock while 
continuing to exhaust; in large quantities solid 
CS, is obtained by mixing with absoluto other 
and exhausting the qir by a Cah*6 machine. 
Wartha also obtained a snow-1 iko solid by blow¬ 
ing dry air thrdugji CS, at the Ordinary tem¬ 
perature; according to Hallo (B. 4, 118) this 
body is a hydrate of CS,; Borthclot (A. Ch. 
[3J 46, 490) and Duclaux ( C. R. 6 V 1099) ob¬ 
tained such a hydrate (probably 2CS,.II,0) by 
evaporating CS, in moist air (v. also Venables, 
Am. 6, 15). CS*, vapour is very easily inilam- 
mable, ignition-temp. ---119° (Franklnnd, C. N. 
0,3), 170° (Braun); with air or 0 it forms a 
very explosive mixture; mixed with NO and ig¬ 
nited it burns instantaneously with production 
of white light rich in actinic rays (v. IJorthclot, 

A. Ch. [3] 49, 486; Berzelius a. Marcel, S. 9, 
284; Frankland, C. N. 6, 3; Sell, B. 5, 733; 
Delachanal a. Mermet, D. R. J. 211, 483). 
Water dissolves about of its weight of CS, 
(Sestini, G. 1871. 473); it is miscible in all pro¬ 
portions with alcohol, ether, ethereal and fatty 
oils, and liquid CO, (v. TuHv*ehmidt a. Follenius, 

B. 4, 583). CS.,. is a solvent for fats, resins, 

gutta percha, alkaloids, I, S, P, Ac. (v. Liebcr- 
tnann. B. 12, 1291; Gore, P. M. [1] 30, 414). 
According to Sidot, CS, is slowly changed in 
sunlight to CS and S (u. ante , Cabbon monositl- 
piiide). * t 

Reactions.—1. Heated , strongly CS, gives C 
and S (BcrtHelot, Bl. [21 11, Bull a. ilof- 
imfnn, A. 113, 129).—2. Barns in air ^r 0 to 
CO, and SO,.—3. Decomposed by many metals ; 
Fe is said to give CS at ord. temp. (Kern^C. N. 
33, 253 ; v. also Merz a. Weitb, A. 11, 51a) ; Cu 
at 200°-250° forms Cu,S, S, and C (M. a. W.); 
K gives a sulphide and C; Na at 140°-150° 
forms Na.,S and Na,CS 3 , the latter body reacts 
with dilute HOIAq Co produce IIXS, (Low, A. 
9, 173 ; 10, 120); Na amalgam according to Low 
(l.c.) gives C,S 3 , according to Raab (N. R. P. 19, 
449) O S., (v. also Hermann, «/.*?>/*. 79, 448; 
‘Iteichf/ (j. C. 1880. 120; GuignotV Bl. 1861. 
111). - 4. Hydrogen, when passed with CS, over 
heated Pt black, produces IPS and C; nascent 
H (Zn and llClAq) forms li,S and (?) C,1I,S, (w. 
Vernon Ilarcourt, C. AT. 2[>, 267; Cossa, B. 1, 
117; Girard, C. R. 43, 396; Beequerel, C. H. 
56, 237).—5. Chlorine reacts with CS, differently 
according to the conditions: dry Cl at ord. temp, 
gives S,Cl, and CC1,; moist Cl, or MnO, and 
HClAq, or other 01 /orottucer, forms II./K) 4| 
and CSCl, (Kolbo, A.h 45, 41); Cl and CS, 
passed through a hot tube give SX1, and CC1 4 
(K.); Cl passed into boiling CS, containing a 
little I forms S,C1„ CC1„ and CSCL (Midler, C.J. 
15, 41); the same products result by action of 
101, (v . Weber, W. A. B. 1806. 348; llannay, 
(\ M 37,224).—6. Chlorides which readily give 


up chlorine react similarly to Cl: MoCl s and 
SbCl 5 give CC1 4 an£ S a Cl 2 , SbCl 5 also producing 
SbCl,S which separates into BbCl 3 and S 
(Aronheira, B. 9,1788; Hofmann^. 115, 264; 
Husemann«>(. 1W, 229); PCI, forms CSCl, 
(Carius, A. P13, 193), or according to llatlike 
(A. 13, 67) C|J1 4 and PSC1 3 (at 100°).—7. Bromine 
reacts in presence of I or SbBr 3 ; 2 parts CS„ 
14 parts Br, and 3 parts I, heated to*150° in a 
closed tube form CBr 4 |(Bolas a. Groves, B. 3, 
608; v also BertkOlot, A. Ch. [3] &3, 145). 
Hell a. Urech describe a compound C„S 3 Br 2 
obtained by slow action of Br and CS, and sub 
sequent distillation (B. 15, 273).—8. T Voter, in 
presence of air, oxidises CS, slowly and partially 
to CO.,Aq and SO.,Aq (Berzelius); heated to 150* 
in a closed tubo from 3 to 4 hours, CO,Aq and 
H,SAq are formed (Schlngdenhauffqp, J. Ph. [3] 
29, 401); ovaporated in moist air a hydrate 
(?2CS,ir,0) is said to be formed (v. Properties). 
9. Warmed *vith sulphuric anhydride , COS, 
SO,, and S, arc produced (Armstrong, B. 2, 712). 
y). Mixed with carbon dioxide and passed 
through a hot tube, or over hot Pt black, COS is 
produced (Winkler).—11. Passed through a hot 
tube with sulphuric <icid,'C O, SO,, H,S, and S 
arc formed (W.).~ 12. Many metallic oxides 
when heated with CS, react to form sulphides, 
sometimes also carbonates (Sclilagdonhaulfen, 
J. Ph. [3J 29, 401; Miiller, P. 127, 401; Fremy, 

C. R. 35, 27).—13. Oxidising agents , e.g. KN.Oj 
or K,Mn,0„, generally produce CO, and H,SO„ 
sometimes CO, and II,S; As,0 ; „ As.,0,, (and 
salts of these) produce As,S, ( v. Sehlagden- 
hauJ'fen, l.c. ; Clo'cz a. Guignet, C. R. 46, 1110). 
14. Boric acid and Sorates react at red lieat 
to form B,S,.—15. Sulphuretted hydrogen mixed 
with CS, and passed over hot Cu produces Gil,. 
16. Alkalis in igneous solution form carbon¬ 
ates and thiocarbftgates (v. tiiiooarbonatks, 
under Gaubonio acid, A c.) ; alcoholic potash foyps 
K xaiilhtfa C,H,O.CS.SK. —17. Ammonia 
reacts wifh CS, probably to form CS(Hii,), and 
(NII^CS, (Laurent, .4. Ch. [3J 22, 103; Zoute- 
vecn, C. C. 1870. 821); CS, and Nil, passed 
through a hot abo, or CS, heated in* a closed 
tube with alcoholic NT!,, produce H,S and 
ITCNS; alcoholic Nil, at ord. temp, forms 
(N ir,),CS.„ (NHJCNS, and CS.N H...8N 11, (Debus, 
A. 73,26 \ v. also Millon, J. Ph. [3J 38,401; Hof¬ 
mann, J. 1858. 332); NII 3 Aq form (NH.,),CS 3 Aq 
and NTI r CNSAq. 

Coinhinattbm.— 1. With many metallic sul¬ 
phides to form thiocarhonat.es (q. v.). —2. With 
various ammonia derivatives; e.g. NMe 3 .CS,. 
3. With zinc ethyl and methyl to form 
ZnEteXS,* and ZnMe,.CS„ respectively.—4. 
With \rieihylphosphine to form PEt 3 .CS,. 

Analysis. - Sulphur, by heating fa a*, glass 
tubo^with Na,C0 3 and a little KNG 3 , and esti¬ 
mating sulphates produced, as BaS0 4 . Carbon, 
by burning with Phgr0 4 as jn organic analyses. 

Detection and Estimation .—Small quantities 
of CS, may be detected by adding alcoholio 
solution of potash, whereby K xanthate 
(C,l£O.CS.SK) ifc formed; on now adding so¬ 
lution of a copper salt a yellow pp. is pro¬ 
duced /Vogel, A. 86,369). This reaction is 
Applied to liquids, e.g. mustard oil, by distilling 
a little in a current of air into alcoholio potash; 
coal-gas may be tested by passing through 
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alcoholic potash. A very delicate reaction fs to 
bring the CS* into contact \\jth l J Et, when a 
characteristic ^rmine-red compound, PEt 3 .CS 2 , 
forms ; it may oe crystal lised # from ether. This 
reaction may also be applied fbr tha Estimation 
of CS 2 (Hofmann, B. 13, 1732). uS 2 is some¬ 
times determined, c.g. in xanthafces, lftr standard¬ 
ised CuS0 4 Aq (Grctc, B. 9, 9*21); thycarbonates 
may be coifVerted into the 4?b salt (by addition 
of Pb acetate), and this #iay be decomposed by 
boiling w4th water, and the 08. led into weighed 
bulbs containing alcoholic potash (Dolachanal 
a. Mormet, B. 8,1192). # 

Carbgn, sulphochlo rides of. 

I. Thio-carbonyl chloride. CSC1... Mol. w. 
114*69. (709). V.D 57*5. 

Formation. —1. By reaction between Cl and 
CS.„—2. Byhtating CGI, with S.—3. By passing 
CCl 4 and H y S through a hot tubo(Kolbo,.l. 45, 11; 
Carius, A. 113, 193; Mtiller, C. J. 15, 41; 
Gustavson, B. 3, 989). * 

Preparation. —To dry CS. about -2 p.c. I is 
added and dry Cl is passed In (a reversed con-, 
denser being attached) until the volume of 
liquid has increased by about T *. The whole is 
boiled with water (to •remove 8X1.); separated 
S is removed, water is separated, the liquid is 
distilled from the water-bath whereby ('Cl, and 
CS. distil over; the residue is then distilled till 
a thermometer in tlio liquid reaches 175° ; the 
distillate is fractionated, digested with water to 
remove S.C1., dried, and fractionated. About 
320 g. CS01 4 ( v. infra) are thus obtained from 1 
kilo. CS*; very finely divided silver (by reducing 
AgCl) is then added little by little (the liquid 
being kept cold) until tho whole of the liquid is 
soaked into tb silver; it is then distilled, the 
distillate is shaken with water *o remove traces 
of S.,C1*, dned, and fractionate.# (Bathke, B. 3, 
858). The reactions a» (1) 2CS, \• 5C1..=» 
2CSACI, + S,C1*; (2) CS01 4 + 2Ag - 2AgCl + CSC!., 

Proposes and Reactions .—Golde.ared, lim¬ 
pid, liquid; penetrating odour, roseinl^ng,that 
of COCl*; fumes in air. Exposed to light* and 
then to a low temperature, large colourless 
crystals of a polymeride, nCSCl., separate; 
this body is unchanged in air? melts at 112*5° ; 
is volatilised in steam; at lSO^ in a closed tube 
it gives CSC1 2 . 

II. Tiuonyl perchloripe. CSCI, (Bathke, 

B. 3, 858). Prepared by action of Cl on CS. 
( v. Tiuonyl chloride, Preparation). A clear, 
golden-yellow liquid; vapour causes free How of 
tears; B.P. 14G°-147°; S.G. 1*712 at 1*2*8°. De¬ 
composed, slowly by moist air, quickly by beat¬ 
ing with water to 1G0 3 , to CO., lfClAij, and 8. 
Heated to 200° is decomposed to CCl,,#v.Cl *and 
a little CSC).,. M. M.'P.*M. 

CARBONATES v. Carbonic acid, Carbonates, 
and Thio-carbonates. * 

CARBON TETRA-BROMIDE v. Tktra-rromo- 

IOETHANB. • • 

DI-CARBON-TETRA-CARBOXYLIC ACID v. 

Ethylene-TET itA-CARBoxYLTqi acid. 4 

CARBONIC ACID, CARBONATES, AND 
THIO-CJfltBONATES. • 

Carbonic acid. A solution of CO. in wat^r 
probably contains carbonic acid, H.HO :l# The 
chief reasons for this statement are aS follows. 
The mass of CO* dissolved by water at ordinary 
temperatures and small pressures (less than 


700 mm.) varies as the pressure. But at pres¬ 
sures of 2, 3, pr more atmospheres, the mass of 
C0 2 dissolved is less than that calculated by the 
law of Henry a. Dalton. Klmnikotf a. Longui- 
nine (.1. Ch. [1] II, 412) give these numbers:— 
P - pressure in mm., o ^ vol. of CO, (measured 
at 0° a$id 700 mm.) dissolved by 1 vol. water 
! at ^)ou115°. “ 


p. 

a. 

P. 


09* *71 

0*9141 

9*188*05 

«3*l">4 

• 809*03 

1*1019 ! 

23090*2 

3*4857 

1*289* 1L 

1*8017 

2551*0 

3 7152 

1109*95 

2*1023 

2738*33 

4*0031 

2002*00 

‘4*9070 ; 

• 3109*51 

4*5000 

j When the 

pressure is de 

.•reused to 70l 

mm. over 


water saturated with CO. at pnssures greater 
than 700 mm. most, of the C<V escapes, at first 
| rapidly, then slowly ; the last traces of CO. can 
be removed to, placing the water in vacuo, or by 
i long-continued boiling. Magnesium reacts with 
a solution in water of CO. to form MgCO., and 
11 ; tho quantity of H evolved is almost exactly 
that calculated on the hypothesis that the re¬ 
action is 1 £.CO.,Aq + Mg - MgCO., » II. (Ballo, B. 
15,3003). Water holding in solution Na.XO., or 
' K.COj dissolves considerably more CO. than 
pure water; NaTICO., (or KIICO.,) is produced 
(Ballo, l.c.). Mg reacts with aqueous solutions 
: of XaliCO* or KIICO., to form MgCO',, K, (or 
Na,)CO.,, and II (Ballo, l.c.). Aqueous solu¬ 
tion of CO* turns blue, litmus wine-red, the blue 
colour returns on exposure to air; blue litmus 
: in contact with CO* at pressures of 1'. to 2 
; atmospheres become- »^rmilion-red (Malaguti, 
A. ('ll. [3] 37. 20(>f. When CO. dissolves in 
! water, heat is produced; (CO‘,Aqj =*5,880 (Th. 
i 1, 200). This solution reads thermally with 
1 alkalis as a dibasic acid ; thus (Thomsen) — 

n [C0*Aq,nNaOliAq] 

1 • lf.rnr. 

2 , *20,081 t 

i The thermal value of tho # seeoud formula-weight 
! of NaOlI (9,008) is considerably less than that 
| of the first (11,010); in this respect carbonic 
acid bmiaves like sulphurous, selenious, boric, 
acid, itc. (r. Acids, basicity of). When moist 
# CO. reacts with KOH, KX'(), is obtained; 
from this a great many carbonates may bo 
formed, the composition of which is that of 
metallic derivatives of a dibasic acid IlX0 3 . 
The aq eons solutions of carbonates are decom¬ 
posed bf ahrost. :M1 acids, not by HCN^iq or 
ILB.O.,Aq; fienco the agin itg of carbonic acid * 
is small (v- Affinity). But solubh^silicates are 
at once decomposed 1 y CO.Aq, and even in- 
: soluble silicates of Oa, A I, «Vc. arc slowly 
decomposed by moist CT.V.. The sulphur ana¬ 
logue of carbonic acid - II.CS*-has been iso¬ 
lated. FinaOv Various derivatives, both of 
j CU(OII). and 0*1(811)* are known; viz. COC1.,, 

! j?COBr.,)’, CO(NH.). t GOB, CSCL, CS.NH..8H, 

! CS(NIL)*. | • * 

Carbonates. Nor, wJ carbonates have the 
composition M.00 3 or MCO*. Certain acid car - 
Oonates, MfiCO.,, have also been isolated; very 
few of these are known as definite solids, the 
- principal are when M «= Na, K, Nil* (?T1). Some 
insoluble normal carbonates, c.g. Ba, Mg, Fe, 
dissolve in water saturated with CO.; ft a 
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pressure of 4 or 5 atmos. acid carbonates are 
probably formed. Many * basic ’ carbonates 
exist; these are most simply represented by the 
general formula a MO (or M 2 0 3 ). 7/C0 2 .£H 2 0. A 
few double carbonates are also known, usually 
compounds of alkali carbonates with others, e.g. 
(NH 4 ) 2 C0 3 .MgC0 : ,; K 2 C0 s .NiC0 3 .4H 2 0. ^Several 
ethereal carbonates (n'e known, derived from 
the hypothetical ortho-carbonic acid C(OH) 4 ; 
e.g. fir(OJJ.t) }t C(OPc) 4 (v . Carbonic ethers!. 

Formation. —1. By reaction between metallic 
oxides or hydroxides and C0 2 in presence of 
water; the oxides which act as weak bases, 
'Be./)*, A1 2 0 3 , Ac., do. not combine with C0 2 
when dry.—2. By pjjn. from solifcions of salts 
by alkali carbonate solutions ; only the salts of 
BaO, BrO, Cal), £g,.0, and Hgft, yield normal 
carbonates; other salts give basic carbonates 
containing less C0 2 ,relatively to MO, the weaker 
is the oxide MO, and the warmfr and more 
dilute is the solution ; salts of such weak bases 
as Fe 2 0 8 , Al 2 0 3 , and BnO, give pps. of hydrates 
free from C0 2 .— 3. By strongly heating the 
alkali or alkaline earth salts of organic acids. — 
4. In somo cases by reaction between C0 2 Aq i 
and a metal; e.g. Mg, Be, Zn. 

Solubility in water. —Carbonates of Na, K, 
Rb, and Cs, are easily soluble in water; car¬ 
bonates of Li and T1 are much less soluble; 
other carbonates are nearly, or quite, insoluble. 
All carbonates are soluble, to somo extent, in 
water in which CO* has been dissolved. All, 
except those of N1I 4 , lib, and Cs, are insoluble 
in alcohol. « 

lleactions. —1. All ckrbonatcs, except those 
of the fixed alkalis, are wildly or partially de¬ 
composed by heat alone; BaC() 3 begins to 
decompose only at a full white heat, SrCO ; , at 
beginning white heat, and CaC0 3 at full red 
heat; Ag 2 C0 3 gives up C0 2 at 200°, and at 250° 
the Ag 2 0 gives off © and leaves Ag; MnC0 3 
heated to 200°-300° in av* gives Mn0 2 and C() 2 .— 
2, Heated Hn steam aJJ earfcoxates are decom¬ 
posed to hydrates and C0 2 (v. Rose, 1\ 85, 
U9 a. 279).—9. Carbonates are decomposed by 
aqueous solutions of most acids at ordinary 
temperatures with evolution of C0 2 ; vICNAq 
and H 2 B 2 0 4 Aq, however, do not decompose car¬ 
bonates.-—4. Solid carbonates arc decompose^ 
by heating with solid boric acid, silica, i>ofassinm 
dichromate, and some other salts. Sulphuretted 
hydrogen reacts with many insoluble carbonates 
suspended in water, e.g. of Sr, Ba. Ca, Zn, Mg, Li, 
to fgrm sulphides and C0 2 ; tl#9 chVmge pro- 
** ceeds the further the more watfr is present 
(Naudin a. Kiontbolon, C. It. 83, 58).—5. The 
more stable carbonates when heated with carbon 
give CO.—C. Alkali carbonates heated in phos¬ 
phorus - vapour give phosphates and C.— 
/. Aqueous solutions of acid carbonates do not 
usually affect the colour of UBnius ; they give an 
alkaline reaction with rosolic acid. v 

Detection and Estimation. —Usually detected 
by decomposing by«an#.cid and examining actiop 
of gas evolved on cJjtAq. Usually estimated 
by decomposing weighed quantity by acid and 
determining C0 2 by loss. 

Aluminium carbonate. Existence doubtful. 
Pp. produce^ by alkaline carbonates with A1 
salts variously formulated ps a highly hydrated 
basic carbonate (Muspratt, C. J. 2, 200 ; Lang- 


lois/ A. Ch. [3] 48, 602; Wallace, C. Qateitt^ 
1858. 410) ; as compound of Al a O s H 8 and a 
small quantity ot the carbonate employed, e . g . 
Al 2 (HO) fl + 2NH 4 HCO s (Rose, 41, 462); 
and as puf e^l 2 0 B t[ a (Barratt, C. J. 13,190). By 
Wibain and Jffenoul the pp. in the cold is said to 
bo 2AL0 3 .Cf ).,.8H 2 0 and to decompose about 30° 
(C. It.88 , £133) \v. also H. Rose, P. 91, 460; 
Parkmann, Am. S. £2] 34, 324). # 

Ammonium carbonqtes. Three definite salts 
seem to exist, the normal, the acid, anti the ses- 
qui, carbonate (Divers, C. J. [2] 8, 171). The 
last is sometime^ regarded as a compound of the 
first and second (Dovflle, C. It. 34, 880^ Divers 
considers the compositions of the three Balts to 
be: % 

Formal carbonate, 2C0 2 .4NH.,.4H 3 0. 

Scsquicarbonate, 3CCL.4NH r 4JC 2 0. 

Acid carbonate, 4C() 2 ."4N1I 3 .4H 2 0. 

Rose’s hyperacid carbonate may be the fourth 
term of this*Beries. 

I. Normal carbonate (NH 4 ) 2 CO s .H/). Pre¬ 
pared (1) by adding'cxcess of NH.,Aq to a warm 
' cone, solution of the commercial carbonate; (2) 
by warming water with the ordinary carbonate, 
and allowing solution to* cool and crystallise; 
after this has been done repeatedly the cold 
mother liquor from the last crop of crystals 
deposits normal carbonate. Large elongated 
plates, freely soluble in water, insol. alcohol, 
sparingly sol. NFI.,Aq. Decomposes in ais tc 
NII 4 IIC() 3 , with evolution of NIL,, and at 85° to 
KH.„ CO,:, and ILO. Is converted into carbam¬ 
ate by digestion in closed vessel at 20°-25°. 

IT. Acid carbonate NII,.IIC0 3 . Occurs in 
guano-deposits (Ulc£, A. 61, 44). Prepared by 
saturating NH a Aq, or solution of M H , sesqui- 
ntrbomite, with CO.., and drying over H.,S0 4 and 
IvOIL 8. (O'/ 11*9; (10°) 15*85; (20°) 21; 
(30°) 27 (Dihbits, fopr. [2] 10, 417). This is 
the stable salt to which the other NH 4 ca don¬ 
ates are converted. Large, transparent, trime¬ 
tric cr,*tals. Dimorphous, but never isomor- 
, phou's with KlICO., (Dovillc). Solution at 30° 

| evolves CO,.; even at ordinary temperature un¬ 
stable in solution. 

III. Sesquicarbonatfi. 
(NH 4 ) 2 C0 3 .2NH 4 HC0 ;i . By slowly heating the 
commercial salt till melted and then cooling; 
or crystallises from warm solution of the same 
salt mixed with NIl 3 Aq. Large transparent 
crystals, losing H.,0 and NH 3 in air and 
giving NH.ltCO*. B. (13°) 25 ; (17°) 30; (32°) 
37; (41°) 40; (40°) 50 (Berzelius). Solution 
easily decomposes with evolution of CO*. 

Another carbonate—(Nil,),00.,—-appears to 
exisA in the mother-liquor from the preparation 
of the sosquicarbonate (Divers). The commer¬ 
cial carhnate is probably 3NH a .20>)*.H*0. It 
generally contains 1 p.c. 11*0 in excess of this 
formula, ami a little ammonia. Prepared 
(1) by dry distinction of, animal matter and 
subseqtfent purification by rcdistillation with 
clfarcoal; (2) by hinting to redness NH,C1 an^ 5 
CuCO, in retort with receiver. The first pro¬ 
ducts are 11*0 Aid Nil, carbamate, subsequent 
distillation produces the commercial carbonate. 
A whtye, transparent, fibrous mass, with strong 
ammoniacal smell, volatile, but not without 
some decomposition. Solution strongly alka¬ 
line. 
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Barium earbonat*. BaCO,. By Adding 
(NHJjCOjAq to BaOljAq Qf Ba(NO,) 2 Aq; or 
NajCO a Aq to,BaSAq; or (fcnpure) by strongly 
heating a mixture of BjiSO,, charcoal, and 
K.jCO,, and extracting thS K.S, ftrmeil with 
water, leaving BaCO,. S. = 0 ; m water satu¬ 
rated with CO, at 4 to 6 atmo3. pJssure S=-75. 
The salt remains in solution at ■rdinarj pres¬ 
sure, hurts completely ppd. on boiling (Wagner, 
J. pr. 102,233; J. 186A 135). Bound native as 
WithcAte. This mineral «an be obtained arti¬ 
ficially from amorphous BaCO, by crystallising 
from fused KOI and NaCl (Bf^irgeois, J£l. [2j 37, 
447). , A soft white poisonous powder, easily 
soluble in solution of NH,C1, NII,NO a , or am¬ 
monium sweinate. Above red heat in presence 
of C it yields BaO and CO._,. Decomposed at red 
heat by aqtcons vapour especially in presence 
of chalk. Yields BaS0 4 when shaken with 
1C 2 S0 4 or Na a S0 4 Aq, ar l is completely decom¬ 
posed by boiling with NH 4 ClAq. 

Barium acid c arbor hi \ 2BaCO :t .CO.,, de¬ 
scribed by Boussingaull (A. Ch. [2] 29, 2^)) 
but Hose thinks iifeannot exist except in solu¬ 
tion. 

Beryllium carbdfiats. A compound of vari¬ 
able composition is obtained by exposing 
Be(HO)., to air, ppg. beryllium salts with alka¬ 
line carbonates, or boiling solution of doublo 
Be-NH 4 carbonate. The composition of pp. by 
last method is 5BeO.COa.6H.jO (SehalTgntsch). 
Decomposed by boiling water, soluble in alkaline 
carbonates. The salt BcCO,.4H,0 is obtained 
by passing C0._> through water containing basic 
salt in suspension and evaporating over H a S0 4 
in atmosphere of C0 2 . 

/ Beryl turn ammonium carbonate. 

2(BeC0 3 .' Nil,).jC0.,).1 Je(II0) .211,0. By dissolv¬ 
ing BeO in cone. Am,CO,Aq argentic heat, then 
boiling till solution becomes cloudy, filtering, 
(Mid adding cone, alcohol; crystals are drained, 
washed qgth alcohol, and dried by ftfessing be¬ 
tween paper (Humpidge, Pr. 39, ll)]Njty simi¬ 
lar method Deville {A. Ch. [3} 44, 5) obtained 
a salt of formula 3(BeCO r (NlI,).jCO ; ,).Be(IIO), 
soluble in cold, and decomposed by hot, water. 

Bismuth carbonate. Bi 2 0 3 .(>0., (Berzelius) 
a white pp. obtained by dropping a solu¬ 
tion of BiSNO, into an alkaline carbonate^ 
According to Lefort this pp. contains h HJj . 
evolved at 100°. Ileated strongly yields ! 
Bi,0,.3(BiO),CO,.2BiO :i II,.3H. < ,0. ^ Occurs native j 
as Bismuthilc in South Carolina* ! 

Cadmium carbonate. CdCO,(?) Occurs native 
with ZnC0 3 . By ppg. solution of a cadmium 
,*.alt with (NH,),C0 3 Aq. The white pp. is said 
to contain water, which is lost at 80 ,> -d20 \*and at 
a higher temp, to lose CO., and leave CTO (Le- 
fort,tr. T\|3J 12, 78); ltose (7\ 85*301) says 
pp. is nearly represented by CdCO,. JVIoist 
Cd(HO), absorbs CO, and at 300 y loses all its 
water, leaving 2Cdtt.CdCO,f 

Caesium carbonate Cs»CO H . S. alcohol (19°) 
-'.11*1. Ill-defined hydrate# deliquescent crystals t 
Separate from a syrupy solution. On uniting 
tliese leave Cs,CO, as sandty powder. Acid 
carbonate , Cs.H.CO,, crvstaUises from a«yie- 
ous solutions in large prisms. * 

Calcium carbonate. CaCO,. S. (cold) =-*0094-; 
(100°) -1*13 (FreseniuB, A. 69, 117); S. (0° in 
water saturated with CO,) = *07, (10 J ) - *088 


(Lassaigne, J.Chem. Med. 1818. 812; Sehlco- 
sing, C. J. [2] 10,788). 

Occurrence. —Native; inrhombohedra(hexa¬ 
gonal! as ealespar, S.G. 2-G9-2-75 ; and in right 
rhombic prisms (triimtric), S.G. 2-02-3-28, as 
arragonite ; also abundantly as chalk, limestone, 
&c. t Formed when hydrated or anhydrous CaO 
is exposed to moist fm-; but not by action of. 
CO., on dry CaO. 

ireparation. — 1. By* ppg. QiCl^q by 
B (NH 4 ).jCO ;i Aq. From not too dilute solutions 
below 30', it is ppd. entirely us ealespar; 
above 30° the pp. conlains arragonite, in 
gradually increasing quantity as the temp, risdfc, 

| until about 90’ the pp. ^'s almost entirely arra¬ 
gonite. CaCO, which separates as ealespar 
from a cold, ftot too dilute,,solution of the acid 
. carbonate, is deposited partly in arragonitic form 
on addition of a very little l’bCO s , CaS0 4 , or 
SrSO, (Cr#rlner, J. f. Mineral. 1871. 288). The 
arragonite tends to chango to ealespar form if 
left under cold solution. Can be obtained in 
form of calcite from ppd. carbonate by crystal¬ 
lising from fused NaCl and KC1 (Bourgeois, Bl. 

[2J 37, 417). 

J Properties and Heart ions. —Tasteless, white, 
slightly alkaline; easily soluble, when recently 
| ppd., and to a certain extent even when it 
j becomes crystalline, in aqueous solutions of 
; (NII,),C0 3 , Nil,Cl, Nil,.NO.,, and ammonium 
succinate. These salts, therefore, prevent com- 
! plote ppn. of calcium as carbonate. At full red 
' heat is decomposed into CO, and CaO. Temp, 
ofc decomposition is lowered by passing air or 
steam over the CaCO,. In closed tube fuses 
to marble-1 : ke substance. Boiling ammonium 
chloride solution decomposes CaCO, forming 
CaCl, and (NH,)..C0 3 . Sulphur decomposes 
CaCO, forming CaSO, without previous forma¬ 
tion of 1J..S (l’odacci, O. 1874. 177). The 
sulphur is oxidised af expense or oxygen of 
water (P.ugnatelli r* I’eUoggio, G. 1874. 536), 
and the formation of ^nlphurio a<#d is preceded 
by that of penta- and tetra-thionic ffeids 
(Bellucci, S. 1874. 179). A salt of the formula 
CaCl 2CaCO,.01I..O was obtained by Pelouze 
(Bl. ft] 3, 183). 

Hydrates : above 30° CaCO, is ppd.; below 
30° hydrates are formed containing amounts of 
water (10-27 p.c.) which vary with the temp, 
and time occupied in. ppn. From a solution of 
lime in sugar-water cooled to 0 J -2°, a hydrate 
CaC r \,.0Il 2 O, decomposed at 30°, is obtained; 
w iile the same solution at a little higlmr temp, 
yields Cadt> 3 . 511,0crystallising in rhombohedra, 
S.G. 1*783, decomposed above 15* even in water 
(Pelouze, HI. [2] b. lw.*»). Same hydrate found 
by Seheorer (P. i.8 , 38^) and Bnmmelsberg ( B. 4, • 
469). A g'datinoumliydratc formed by action of 
CO., on Cal) md water is described by Bondon- 
neau (III. *2] 23| 100). 

A decarbonate Can,(CO,! 3 (?) is known 
only in solution ; obtained by passing CO, into 
cold water containi rig ^impended* CaCO,. De¬ 
composed with sop ■ ration of CaCO, on exposure 
to air, or more quickly on boiling* 

Basic carbonate 2CaO.CC,. Obtained 
from CaCO, at a moderate red heat. Hardens 
by action of water, forming, CaC0 8 .CaO,II„ 
which is also produced by exposing CaO to 
moist air. This hydrate gives 2CaO.CO,%t low 
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red heat, and at st^g fed, heat gives off'CO* temp/ (Weibel, J. filr Mineral. 1873. 245). 
and H a O (Fuchs, P. 27, 601).* , , , .» Crystallised Cu(NCh) 2 heated with CuC0 3 under 

Cerium carbonate ^Cfe a (C0 3 )^aH,0 by ex- a pressure of 54 aSnospheres yields crystalline 
posing Ce 2 0 3 to air of by ppn. *A wliito powder, warty mass of asurite (Debray). ^ 
partially converted on heating strongly in air Double Milts* Potassic-cupric carbonate 
into Ce 2 0 3 . 5CuO.K 2 O.CO 2 .10H 2 O. A dark-blue silky mass, 

Chromous carbonate CrCO ;1 . An amorphous obtained by adding Cu(N0 3 ) 2 to KIICO„. 
greyish-white substancej'prepared by healing a Sodic-cufpc carbonate CuNa 2 .(C0 3 ) 2 .GH 2 0. 
chromous salt with Na 2 CO a Aq out of contact By action of NallQPj on CuC0 a .0h0 2 H 2 at 
with tfee ajj: (Moissap, A. Ch. [51 25, 401)^. \ 40°-50°. Rhombic prisons. 

Cobalt carbonate CoCO*. By heating CoCl. 4 . Cuprammonium t carbonate jNH 3 ).jCu.C0 3 . 
with CaC0 3 to 150° in sealed tube for 18 hrs., Obtained as dark-blue crystals oy dissolving 
or by decomposing CoCL. with a solution of basic carbonate of copper in Am 2 C0 3 and pouring 
NaTlC0 3 supersaturated, with C0 2 and heated to solution ’into alcoffol. Water decomposes it into 
140° in a strong vesse^ allowing sltV.v escape of Ani 2 C0 3 and CuC0 3 .Cu0.Cu(II0) 2 (Favre, TraiU 
C0 2 . Ijight, rose-coloured, sandy powder; micro- de Ghent. par Pelouze ct Fr6my). Also formed 
scopic rhombohedra ; not attacked by acids in when CuO or Cu is digested in NII 3 Aq with access 
the cold (Scnarmonl, A. Ch. [8] 30, 120). of air. t 

Hydrated carbonates and double Didymium carbonate. Di 2 (C0 3 ) 3 . A red 
salts are formed on adding cobalt ^lutions to crystalline powder obtained by passing C0 2 into 
alkaline carbonates. Ilot or cold, not too dilute, water containing suspended Di0 3 II 3 . A hy- 
solutions yield a rose-coloured pp., which dried drated carbonate is o^iined, as a very slightly 
at 100 J is 2 CoCU.,.3Co(110) 2 (Setterberg, P. rose-coloured pp., X/j adding an alkaline car- 
19, 55; Winkolblecii, A. 13, 118; Rose, ibid. Locate to solution of a Di *salt. Loses § H 2 0 
80, 237). Boiling water partially converts it and a little CO., at 100°«(Marignac). 
into Co 2 0 3 (Field, C. J. 14,50); digested with Indium carbonate. In$3C0 3 . White, gcla- 
NaHCO a or (NH,)IlCO ;l Aq yields 3CoCO.,.H 2 0 tinous pp., soluble in (NFT ,) 2 C0 3 Aq, and ppd. on 
(Dcvillo, A. Ch. [3] 33, 75). Ilot very dilute boiling; insoluble in solution of fixed alkali 
solutions yield blue CoCO ;t 2Co(110).,aq. Heated carbonates (Winkler, J. pr. 94, 1). 
above 150° both pps. give off H 2 0 and C0 2 , Iron carbonates. Ferric carbonate docs not 
yielding Co 2 0 3 (Rose). appear to exist (Omelin; Soubeiran, A. Ch. [2] 

Cobalt-potassium carhmatc 41, 320). Double salts of ferricum and alkaline 

(CoKH)(C0 3 ) 2 .4ll 2 0. Rose-coloured crystals, carbonates appear to exist in solution, as the 
prepared by action of excess of KilC0 3 Aq on pp. of ferric hydrate obtained by cone, alka- 
Co(N0 3 ) 2 or CoSO^Aq. 'Decomposed by water line carbonate solutions gradually redissolves, 
(Rose; Dcvillo). Povill<* also obtained whereas pure wcll-wffshcd Fc 2 O 0 II 8 does not 
CoK 2 (C0 3 ) 2 .41L 2 0. dissolve in these solutions. 

Cobalt-sodium carbonate CoNa 2 (CO :< ) 2 .4H 2 0. Ferrous carbonate, FeCO.„ occurs abundantly 
Prismatic, and CoNa 2 (C0 3 ) 2 .10I[ 2 0 dark red, as spathic ore. t- Prepared by methods similar 
crystals; obtained together by the action of to those described far CoC0 3 (q. v.). It is a 
Co2NO.,Aq on solution*of ,Na sesquiearbonate i greyish-white crystalline solid, composed Mt 
(Devillc). j minute rlijunbohedra; scarcely attacked by 

Copper carbonate. Unknown*except in solu- • dilute a/ *is, nearly unchanged in dry air. It 
tioiA Obtained by disnfffving the ppl. basic . is dai^er and less alterable the higher the 
carbonate in CO.Aq at 4-0 atmospheres pressure temperature at which it has been formed, and 
(Wagner, J.pr. 102, 233). the longer it has been lieated (Senarmoftt, A. Ch. 

Hydrated basic carbonates. ^ [3J 30, 129). Spathic ironstone dissolves under 

CuC0 3 .Cu0 2 II 2 occurs native as malachite. Pro- pressure in water saturated with C0 2 (S. = *72), 
pared by ppg. a cupric salt with an alkaline and is deposited as a black amorphous pp. on 
carbonate. The jjp. at first is greenish blue, 'boiling (Wagner, J. 18G7, 135). 
and is said to contain 1 mol. H.O; left in con- Hydrated ferrous carbonate , FeC0 3 .H 2 0, 
tact with liquid and washed it has above com- | occurs native. Amorphous, white, earthy, little 
position and is dark green. Heated to 200° altered in air,Scarcely decomposed by acids at 
yields malachite. Boiled with wi^er it yields ordinary temps. (Moissan, G. It. 59, 238). The 
€0 2 anti CuO (II. Rose; Field, C. •/. 14, 71). hydrate obtained by ppg. solution of a ferrous 
Digested withr (NII,) 2 C0 3 Aq at 48-8° it is con- salt with an alkaline carbonate rapidly decom- 
verted into CuCO.,.5CuO, a dense black powder, ! poses on exposure f o air. It can be obtained 
which is also obtained by prolonged boiling fairly fmre, as a greenish tasteless nowder, by 
CuSO,Aq with Am l II 2 fCO r ) 3 , filtering from ppg. ferric-free ferrous sulphate wifci normal 
CuC0 3 .Cu(I10) 2 , and adding more CuSO, (Field). ! or acjd alkaline carbonates. The smts are dis- 
Digestcd with Na 2 CO s yields Ci|C0.,.7Cu0.5IL0. j solved in de-aiirated water, the pp. washed by 
The basic salt 2CuCO :j .Qu(HO) 2 occurs ! decantation out of contact .with air, and dried 
native as asurite in blue monoclinic* crystals. ! in C0 2 . If dry it is fairly permanent; if moist 
Boiled with witer yields CuO and evolves C0 2 . fit gives off II 2 0 ainjj C0 2 ; but if mixed with 
With hot NaHC0 3 yieldf p blue solution winch j sugar the change is less rapid, 
after protracts boiling, deposits CuCO r CuO s H 2 I I*errous-hydrofcn carbonate. Solution of 
(Field). Prepared artificially by secret process I COo dissolves FeC0 3 and Fo; the latter with 
(Phillips, A. Ch. [2] % 44). Asurite can be j evolution of H. 

formed from malachite at ordinary temps, by I . Lantnanum carbonates. La 2 (C0 3 ) 3 .8H 2 0. 
addition of CO* and abstraction of II.,O in pre- ! Found nativo as Lantlianite in four-sided 
sence«of a dehydrating agent and C0 2 at high ! plates or minute tables of the trimetric system. 




The carbonate obtained by ppn. forms a whjte* 
gelatinous mass which changes to shining 
crystalline BCjjJea. 2La.,(C0 1 f,. 15H..6 ; ppd. by 
Na 2 C0 8 Aq from La^SO,^, and dried art 
ordinary temperature. Micaceoustscales with 
silky lustre (Hermann, J. pr. 82, 38 j). 

Lead carbonate. PbCO a . Occiws native in 
trimetric crystals as white lead or f or ccrmite. 
Has also been found on fcronze objects from 
Pompeii (Luca, C. li. 8#, 1457). Prepared by 
ppg. Pb(ftO a ) 2 Aq with exews of alkaline car¬ 
bonates in the cold (Berzelius; Lefort, J. Ph'. 
[3] 15, 20). According to B$so (A. 80, 235) 
these m>s. are all hydrocarbonates, the ratio 
of hydrate to carbonate increasing with the 
temp, and dilution of the solutions. Bodies qf 
the same composition are formed by direct 
action of COf on Pb(IIO) 2 , but differ in being 
amorphous and opaque, instead of consisting of 
minute transparent crystalline grains. 

White lead is a hydrocarbonate present¬ 
ing varieties of coiupcfSLon represented by 

(1) 2PbC0 4 .Pb0.II 2 ; (2f 5PbC0 3 .3Pb0..ir, -« 

(3) 3PbCO :1 .Pb() > H.r (Mulder, A. 33, 242) ; 

(4) 5PbC0 3 .Pb().,H./ (Phillips, C. J. 4, 105). 
Prepared bf (1) Dinah method. Thin load 
sheets are placed over gallipots containing 
weak acetic acid (2J p.c.); the pots are em¬ 
bedded in fermenting tan at a temp, of 00 o -05°. 
Tho metal disappears in a few weeks. Oxide 
of dead is first formed, and dissolved by the 
acetic acid, forming a basic acetate, and ibis 
is decomposed by the C0 2 evolved from the tun. 

(2) PbO is mixed with water and about 1 p.c. 

of Pb acetate, and CO^ is passed over it. 
Pb(N0 3 ) a has been used instead of acetate. 
Nearly insol. i l sat. CO,Aq even under pressure 
(Wagner). The ppd. carbona'e has S.~'05 in 
Bat. CO.Aq. * 

Lead - sodium carbonate. 4PbC0.,.Na : ,C0 3 
(Berzelius, P. 47, 11)0). 

Lead-i •A':-™ -carbonate. A compo^uid of the 
chloride and carbonate of lead is ohJwlufd as 
a pp. by the action of CO., under pressure on 
PbCljj (Miller, G. J. [2] 8, 37'). 

Lithium carbonate. Li.,CO a . S. (0°) 1 -53!); 

(50°) = 1-181; (100®) = *728* (Bevade, Til. [2J 43, 
123). Found in many mineral waters. Pre¬ 
pared by dissolving an excess of (NIIJ.XX)., in 
cone. LiClAq, and washing resulting pp. with 
alcohol, or by strongly heating Li acetate. 
Not decomposed by heat. Melts at low red 
heat,. and solidifies to a vitreous mass on 
cooling. The solution is alkaline and decom¬ 
poses NH, salts, but is decomposed by Ba(HO) 2 
and Ca(ilO) 2 . By slow evaporation the solution 
deposits salt in small prisms. Wateu.-atuVated 
with C0 2 dissolves it more readily than*pure 
water.* C • 

Magnesnim carbonate. MgCO.,. Occurs 
native as magnesite, in rhomboh* dral crystals 
isomorphous with cakispar ; infusible; dissolves 
slowly in acids. Prepared (1) By suspending in 
water the washed pp. obtayied by adding solu¬ 
tion of an alkaline carbonate to solution of ^ Mg 
salt (which always contains^gOJL.), passing 
C0 2 through the liquid till pp. is dissolved, and 
evaporating by heat (Rose, P. 42, 300) ; # {2) l3y 
heating MgSO,Aq with Na 2 CO,Aq to 160°- in a. 
sealed tube; (3) By inclosing a soluble Mg salt 
with an alkaline-hydrogen carbonate, Bupcr- 


,»tivu v«v» 2l jp & st^c^g vessel closed oy 
0 cotk through.whicn the C0 2 can slowly escape 
fSenarmontj ^ftiif.'*28, l ^ji3); (4) By carefully 
heating MgGO.[jKHCO s . 4kq m 200°, and extract¬ 
ing- with water (Engel. Bl. [2] 4.4, 355). A 
white crystalline powder, isuiorphous with 
arrago^ite by method (14; obtained in rhombo- 
•liedra by (3); isodimorplwms with CaC0 3 . When 
moist it is alkaline to litmus. CaSO,Aq par- 
tiallyfdpconiposes it, especially in prcsci&o of 
•tyiClAq (Fleischer, J. pr. [2] 6,273). Solublo 
in cold solutions of alkaline borates, ppd. on 
heating, but mlissolvi-.l on cooling (iVittstein, 

• Ar. Ph. l '3J 6 , 40). Jlydrales (a) MgCO^ilLO.* 
Hexagonal jfrisms obtained by spontaneous 
evaporation of a solution of MgCl)., in excess of 
CO.Aq. T Impose water in dry air but retain 
their form, (ff) MgCO.,.51LO. Transparent 
oblique prismatic crystals obtained by exposure 
of above sedition at a low temp. Converted 
into (a) by exposure to air Ac. Boiled, they 
yield 4MgCO.,. Mgli.,0...4aq (Fritzsche; v. also 
Engel, CJl. 101, 814). 

II ydrocarbonates. As in the ease of lead, 
the composition of pp. formed by adding an alka¬ 
line carbonate to solution of a Mg salt depends 
on proportions, strength, and temp., of solutions. 
A variable mixture of liydroearbonates is known 
as magnesia alba ; (a) 4MgC0,.MglL0 2 . 4aq; a 
white granular powder (for preparation v. Bose, 
A. 80, 231). (0) 3MgCO :i .Mg(lIO)...3aq, occurs 

native as liydroniagnesite in small white mono- 
clinic crystals (I)ana). Prepared artificially 
(Berzelius, Fritzsche) jj. is a white, slightly 
soluble powder forming alkaline solutions. 
Dried at 100 3 ir# air it vieUls a (Bose). 
(y) 3Mg0.20() 2 . 3aq(?) (Fritzsche, P. 37, 310). 
Denied by Bose. 

Magnesium hydrogen cai honnte. Mg.lL(C0 3 ) 2 
(Soubeiran). Obtained by shaking up magnesia 
alba with COAq. The sol. lias a latter lasto 
and alkaline inaction* becomes turbid at 75° 
but clears on ceding. Heated to SO", or eva¬ 
porated in vacua , it. yieills hydrate a (t\ svijki) 
(Berzelius; Fritzsche). 

Maanesiuhi-ammojiium carbonate. 

Mg.(Nft 4 ) ,(C0 3 ) 2 .411 2 0. Translucent rhombo- 
hedra, from a mixture of cold MgCl.Aq, or 
MgSO.,Aq, and Nil, sesquicarbonate solution. 

Magnesium - gwtassium carbonates: (1) 
Mg(Kli).(C() 3 ) 2 .4aq. In large crystals from cold 
aqueous mixture of MgCl 2 or Mg(NO a i 2 with 
cxcesv of KIICO.,. The crystals at 100 5 become 
opa ,ue, And Hso. wider. Decomposed by water, 
leaving a Residue 6MgCO,.MglhO a . Oaq’* (Ber¬ 
zelius); also obtained in oblique rho mbic prisms 
(Devilie, A. Ch. 33, 75); (2) MgK,(C0 3 ),.laq by 
digesting manncsi>. alba at 60' J -70° for 12 to 15 
hours with KllCO : ,Aq (lloville, lx.). 

Magnesia)r sodium carbonate MgNa /C0 3 ) 2 . 
Prepared in anh^jlrous microscopic crystals as 
the corresoondiug K salt. 

On solubility of MgCO, in CO.Aq under 
pressure v. Merkel (J. 13<»U. 130) And Wagner 
(J. pr. 102, 233). Ou fc fJlubility of MgCO a and 
CaC0 3 in solutions of calcium an-| magnesium 
salts, and the reactions of dolomite or gypsum 
and magnesite in presence of water containing 
C0 2 v. Hunt (Am. S. [2] 42, 40). For reactions 
of basic MgC0 3 and gypsum with CO.Aq v. 
Gossmann (Am, S. [2] 42, 217, 3(53). 
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Manganese carbonate. MnCO,. S. water - 
■018 ; aqueous CO*« *028 (John). ‘Occurs native 
as diallogite, in rhombohedral crystals, isomor- 
phous with calcite. Prepared by heating 
MnCljAq in sealed tubes to 160° with Na 2 C0 3 Aq, : 
or to 140°-170° with CaCO s for 12 to 48 hours 
{Sonarmont, C. It. 2|, 693). 2MnCO/.H 2 0 is 
obtained by drying irr'vacuo the pp. formed by 
alkflJine carbonates with manganous salts (Gin. 
4, 214; Prior, Fr.<\ 869. 428). Dried in I hr pp. 
contains Mn a O,. Equivalent quantities cof 
Na 2 C0 3 and MnCl. yield 5MnC0 ;t .2MnH,0, 
% (Rose, As 80, 235). MnCO ; , is a fine amorphous 
faintly rose-coloured -powder. The hydrate is 
Bnow-white and tasteless. Anhydrous or 
hydrated the c salt is permanent at ordinary 
temps. Heated *o redness irr air it yields 
Mn s 0 4 . Strongly heated in H it yields MnO a . 
In chlorine it gives 4MnC0 3 + CL,=* 
MnCl 2 + Mn 3 0., + 4C0 2 (Wohler). Olorine water, 
or calcium hypochlorite solution, converts it first 
into Mn.,0 4 , and then into Mn() 2 . Solutions of 
ammoniacal salts dissolve it when freshly ppd. , 

Mercury carbonates. Mercuric, carbonate 
unknown. Neutral or acid carbonate^ of K or 
Na yield brown red pps. 2Hg0.HgC0 3 (Setter- 
berg, P. 19, CO). Mercuric chloride yields an 
oxychloride. 

Mercurous carbonate. IIg..C0 3 . A black or 
yellow powder. Hg2N() 3 Aq is mixed with slight 
excess of Na(orK)HC0 3 Aq ; the mixture is set 
aside for a few days and frequently stirred, and 
thepp. then washed quickly, and dried overlL80 4 
in vacuo (Setterbcrg, S.c.). Easily loses CCh; 
is converted into HgO by exposure to air; 
blackened by alkalis witn separation of Hg 
{Gm. 6,15). 

Nickel carbonate. NiCO a . For preparation, 
v. Cobalt carbonate. It is a greenish-white 
powder in minuto ^liopibohedra scarcely at¬ 
tacked by strong acids at ordinary temperatures. 

Ilydrt carbonates: « « 

•(1) NiCO^NiH^O.^^LO. Occurs native as 
emerald nickel (Silliman, Am. S. [2J 6, 218; 
Shepard, ibid. 250). (2) 2NiCO a .3NiJ[,0 2 .4H,0 
is the pp. obtained from cold NiSOfAq and 
Na 2 C0 3 Aq, when dried at 100°. Roiled with 
water takes up water and loses CO... Heated 
■above 100° in air gives oil water and C0 2 , and 
is partly converted into Ni.X) 3 (ltose, .4. 80, 
237). Not altered by digestion at G0°-70° with 
NaHCO : ,Aq (Deville). The pps. produced by 
alkaline carbonates in soluCionsv of nickel salts 
vary with te: -.perature, strength, and'proportions, 
of solutions'employed. 

Nickel-potassium carbonates : 

(1) NiK,(C0.,).,.4II„0; shining apple-green micro¬ 
scopic needles. (2) NiKB.(CO :l )...4H,0 : light- 
green, apparently oblique rhombic prisms. Ob¬ 
tained similarly to corresponding cobalt salts 
(Deville). 

Nickel-sodium carbonate, 

NiNa„(C0 3 );.10H„0 is obtained like the ceba/l 
salt, in small prisms fpiovilie). 

Palladium carbonate. A light yellow pp. is 
formed by adding solution of an alkaline car¬ 
bon ato to a solution Of a Pd salt. No C0 2 is 
evolved at fijst, but on continuing ppn. effer-. 
vcscence ensues and pp. turns brown. A small 
quality of C0 2 retained when dry (Berzelius). 


Potassium oarbonates. Two salts have been 

obtained. . 

I. Normal car donate: S. 95-2 at 3° j 

111 at 12°; 204 aj. 70°. The commercial salt 
is prepaid by treating the ash of plants, 
especially of beetroot, with water, and evapora¬ 
ting. Thef esidue, containing 60-80 p.c. K 2 CO„ 
is sold as potash.’ The impurities—KOI, 

K.S0 4 , and a little E silicate—are ]1hrtially re¬ 
moved by digesting for several days with its 
own weight of cold .water, decanting, afid evapo¬ 
rating quickly with constant stirring. The 
small .crystals qbtained are washed with pure 
KXO*Aq, dried, and heated to rednessJn metal 
vessels; the product is ‘ pearl ash,’ which usually 
contains from 2 to 3 p.c. impurities. 

, Pure K 2 CO a is prepared (1) by heating pure 
K oxalate; (2) by digesting powchred cream of 
tartar with water containing a little HC1, wash¬ 
ing, drying to render silica insoluble, crystal¬ 
lising from water to remove Na salts, heating in 
a closed silver dish^ligesting residue with hot 
> water, filtering, f-vaporating to dryness, dis¬ 
solving in cold water, evaporating, and repeat¬ 
ing treatment with cflld water and evaporation 
two or three times (Sta5', Ghem. Proport. 340). 
(v. also Smith, C. N . 30, 234). 

Properties and Reactions. — White solid, 
melting at red heat (83°) (Carnelley, C. J. 33, 
280), volatilised without change at white heat; 
very deliquescent; [K'CO*,Aq] = 6490 (Th* 3, 
198). Solution strongly alkalino; hot solution 
deposits rhombic octahedra K>C0 3 .2H 2 0 ; 
cone, solution deposits monoclinie crystals 
2K..C0 S .3H 2 0, which at 100° give K,C0 3 .II 2 0 
( (Stiideler, A. 133, 37*i; Pohl, W. A. B. 41, 630). 
i Heated with aqueous vapour is partly decom- 
I posed, giving KOII; heated with charcoal gives 
j K and CO (u. Dotassium) ; heated with sulphur 
forms K sulphide nr d sulphate, and C0 2 (Ber- 
thelot, Bl. [2] 40, 302); heated in sulphur 
dioxide <V*ves K 2 S() 4 and traces of ICS (Berthelot, 
A. [5] 30, 547). Solutions, about 1 in 
j 10H.,O, partly decomposed by Ca0 2 H 2 giving 
I KOHAq ; amount of change much increased by 
boiling; reverse reaction occurs with moro 
cone, solutions. 

IT. Potassium-hydrogen carbonate : KHCO,. 
S. 22-1 at 0°; 33 2 at 20°; 45-2 at 40°; 16*4 
at 60° (Dibbits, J. pr. [2] 10, 417). Prepared 
(1) by passing C0 2 into solution of commercial 
normal carbonate; (2) by passing C0 2 into 
j solution obtained by lixiviating residue from 
heating K-H tartrate in closed vessels, and crys¬ 
tallising. Properties and Reactions. —Large 
transparent monoclinic crystals, KIIC0 3 .R 2 0 ; 
solutionhas slightly alkaline reaction, and 
give'k off C0 2 on gently warming.,^. Dibbits, 
J . pr. [.2] 10," 417). At 200° give>K 2 0O, and 
CQ.. * 

Rubidium carbonate Rb 2 C0 3 . By ppn. of 
Iib..S0 4 Aq with EaOAq,, adding (NH 4 )^C0 3 to 
filtrate/evaporating to dryness, exhausting with 
wSter, and evapora/ing this solution, indistinct 
crystals of Itb 2 CO s . H 2 0 are obtained. Soluble 
in alcohol, stAtogly alkaline. Heated, lose 
yater and leave ltb 2 C0 3 , as a sandy powder, 
whiclj melts at a higher temperature. In air it 
deliquesces, and yields RbHCO a , in glassy pris¬ 
matic crystals ; permanent in air; having very 
faint alkaline reaction; easily converted by heat 
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uto Bb,CO, (Bunsen a. Kirchoff) (melting-point, 
537°; Carnelley a. Williams, G. J. 37, 125). 

Samarium carbonate « Sm a (C0 a ) 3 .3H J 0. 
Needles insdroble in water. The following 
double salts have also beciNpreprftM. Sama¬ 
rium-ammonium carbonate , 

SmNH 4 (C0 3 ) 2 .2H,0. Samar ium-pcfissium car- 
bonate , SmK(C0 3 ) 2 .GH 2 0; brill*nt needles. 
Samariunfisodium carbonade, * 

SmNa(CO l ).,.8H z O; a crystalline pp. (Cl^ve, Bl. 
[2] 43, Ida).* 

Silver carbonate Ag 2 CO s . Prepared in crys¬ 
tals by adding ammonia by # drops to mixed 
solutions of AgN0 3 and Na^CO., of Melinite 
strength (Vogel, J. pr. 87, 288). As a white 
pp., becoming yellow on washing, by adding 
Na 2 C0 3 Aq to AgN0 3 Aq. Blackens on exposure 
to kjght. Isoreadily soluble in strong NII.Aq. 
Solution treated with absolute alcohol yields a 
pp. containing Ag 2 C0 3 and ammonia (Berzelius). 
At 200° loses CO* and leaves A^O. By ppg. 
AgNO a Aq with large exo^s of alkaline carbon¬ 
ate and boiling, a substanee^possibly a mixture # 
is obtained which «dried at 100° has formula 
Ag 2 C0 3 .2Ag.,0 (ltose, il.*81, 202). Ammonio- 
silvcr carbonate Ag 2 G0 3 .4NH 3 . A grey pp. on 
adding absolute alcohol to Ag.C0 3 dissolved in 
NII s Aq (Keen, C. N. 31, 231). 

Sodium carbonates. Three salts have been 
isolated, besides various hydrates, and several 
double salts. 

I. Nonnal carbonate Xa.'.CQj, Occurs in waters 
of several lakes and mineral waters; is a con¬ 
stant constituent of ash of sea-plants. 

Formation. —1. From Na.BO,, by heating 
with C and CaC0 3 , and* lixiviating with 11.0 
(Leblanc’s process).—2. From cryolite, by heat¬ 
ing with CaO and decomposing the Naaluminate 
formed by C0 2 .—3. By reacvh#: between NaCl 
and (NH 4 ) 2 C0 3 in solution4» 

%Preparation .—l.Soda crystals are repeatedly 
washed with cold water until all ••sulphates, 
chlorides, ac. are removed; the last^^ccs of 
Si0 2 are removed by dissolving the wasliea salt 
in water, evaporating nearly to dryness, adding 
a little (NII 4 ) 2 C0 3 , heating till quite dry, dis¬ 
solving in water* filtering, evaporating, and 
heating (Wurtz, J. 1852. 357).—2. Soda crystals 
are repeatedly recrystallised, the. crystals being 
obtained as small as possible (Gay-Lussac, A. 
12, 15); most of the chlorides and sulphates 
and iron salts arc thus removed. Tho washed 
salt is dried, heated in a silver 'dish, and the 
residue is repeatedly washed with small quan¬ 
tities of cold water; the salt is now free from 
iron, but may contain traces of silica (v . supra ) 
(Stas). > 

Properties and Reactions. — White solid; 
molts •at 4 818° (Carnelley, C. J. 33, 280), 
giving off aVttle C0 2 (Jacqueiain, A. Ch. [31 32, 
205; Mallard, A. Ch. [4] 28, 80; Scheercr, A. 
116, 134). Heated i# steanP gives NaOH. • De¬ 
composed at high temperature by edrbon, to 
Na and CO; by phospliori to C, CO, anrkNa 
orthophosphate (Dragendorff, C. C. 1801. 805); 
by silicon to C, CO, and Na siifcate ; by sulphur , 
at 275°, to Na 2 S and Na 2 S 2 0.„ at melting-point, 
to NajjSj and Na^O*; by ferric oxide , or ferrJUs 
oxide, with evolution of C0 3 (Stromeyer, A. 107,. 
366); by ferrous sulphide to Na and Na-Fe 
sulphide (E. Kopp, Bl. [2] 5, 207). Solubility 


in water increases from 0° to 34°; from 
34° to 79° S. is constant: S. = 46-2 at 34° 
(Lowel, A. Ch. [3] 33, 353; Poggiale, A. Ch. [3] 
8, 468; Tomlinson, C. N. 18, 2; Gerlach, Fr, 
8, 279). Solution is accompanied with produc¬ 
tion of heat; [Na*C0 3 , Aq] - 5,610 (Th. 3, 198). 

Hydrates of Na,C0 3 .—(l) Na,C0 3 .10H 2 0 ; 
separates from modorjrfely cone, solutions at 
ordinary temperatures, in clear, monoclinic crys¬ 
tals ; ^.liesc melt at c. 31 leaving NqXC$.II 2 0 
(Schindler, May. Phann. 33, 14); according to 
Thomsen (B. 11, 2012) tho residue is 
Na,(J0 3 .2lL0 but this gives up another H 2 0 in 
the air. Crystals of Na._.CO t .10lLO efiloresco in’ 
air; at 12-5 vtliey give th# hydrate with 5H 2 0 ; 
and at 38° in vacuo , or over CaCL, the hy¬ 
drate NaXO^LO (Watson^ 1\ M. *12, 130). 
Dissolve in water with disappearance of heat 
[Na'COMOH-O.Aql — —10,100 (Tk. 3, 198). 

(2) Na..Gp 3 .15lLO (Jacqueiain, A. Ch. [3] 
32, 205). Crystallises from cone, solutions of 
Na..CO a at — 20°. 

(3) Na.CO.,.711.0 (Linvel, A. Ch. [3] 33, 
353; Bammelsberg; Marignac, Ann. M. [5] 
12, 55). Crystallises from hot saturated solu¬ 
tions by^jooling in closed vessels; if air has en¬ 
trance the 10H 2 O hydrate forms. Said to crys¬ 
tallise in two modifications, rhombohedra and 
rhombic tables, with different solubilities. 

(1) NaXO.,.011.1) ; crystal lises from Na 2 SAq 
standing in air, also from NaCIAq mixed with 
K 2 C0 3 Aq (Mitscherlich, P. 8, t il). 

(5) Na 2 C0 3 .51f 2 0; crystallises at tempera¬ 
tures over 33 ' from molten NaXO,.10I LO (Ber¬ 
zelius, P. 32, 303); also by tho c 111 ore see nee of 
Na.XO,.1011.0 at 1/5°. 

'(0) Na.C0 3 .2ILO; melting NaXO,.10TI.O at 
34° (Thomsen); [NVC0 9 .2H'0,Aq] = 20. 

(7) NaX0 3 .H 3 0; from hot saturated solu¬ 
tions of Na 2 C0 3 , or from hot solutions of 
NaXO 3 .10JI 3 6; sepiyatw from boiling solu¬ 
tions; also nro ’.uced ty ellloresc.ence of some of 
the hydrates with^noro U a O (Marignac, Ann. M. 
[5] 12, 55; llaidinger, A 5, 309). j 

[N.i-CO : '.lDO,Aq] ----- 2,250 {Tk.). * 

II. Sodium-hydrogen carbonate ; NallCO, 
(Bicarbonate of soda). Formation. —1. By pass¬ 
ing NH., into NaCIAq, and then decomposing by 
C0 2 under pressure; 

' Nil., + NaCIAq + C0 2 + II..0 = 

NaHCO : , + NI L,ClAq (Ammoniasoda process).—2, 
By reaction between soda crystals in solution 
and commercial NH, carbonate.—3. By reaction, 
betv een*C0 2 jnd illlojon:ed soda crystals, or a 
mixture of*A part crystallised 3 pdHs dryi 
Na 2 CO ;i .—4. Bypassing C0 3 intobN T aXO ; ,Aq as 
long as it is absorbed fl part Na.CO., in 2 parts 
IT..O) (Ti. Mover, A. Juprdbd. 2, 170; Berzelius, 
P.‘ 10,134 ; Mohr, A % 19, 15; 29, 208). Proper¬ 
ties and Reactions. —White monoclinio tables; 
alkaline taste ; changes moist red litmus to blue, 
but has no action on colour of turmeric paper. 
In moist jftr readily goes to NaXO ;f .£aq. When 
'heated gives off C0 3 ant] II.P ; solution decom¬ 
posed on boiling (ItosfyJP. 34, 158). S. 8‘8 at 
10° ; 14 04 at 70° (Poggiale, A. C|. [3] 8, 468; 
also Dibbits, J. pr. [2J 10, 417). 

III. Sesquicarbonate. NaJL^COjJs.SHjO 
(= Na 2 C0 ;l .2NaHC0 3 .3H 2 0). Occurs native; 
S.G. 2*112. Prepared (1) by heaAng NaHCO* to 
200° (nermann, J. pr. 26, 312); (2) by (*;apo- 
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rating solutions of NaHCO, in vacuo over 
HjSO,; (3) by melting together the two carbon¬ 
ates, in the ratio Na 2 CO,.10II 2 O:2NaHCO,, and 
standing in air till mass becomes crystalline, 
when it contains crystals of the sesqtiiearbonato; 
(4) by pouring alcohol on to a mixture of 
Na.CO,Aq and NaHCO.,, the salt separates in 
fine needles (Winkler, it. P. 48, 215). Mono¬ 
clinic crystals; non-elllorescent in air, goes to 
Na.CO,, rt red heat; aqueous solution iitfaracuo 
over H..SO, gives Na.CO,, and NaHCO., (Rose, P. 
34,100). S. 12-63 at 6°; 41-59 at 100° (l'oggiale). 

IV. Diubk Salts. Sodium-potassium 
carbonates. 

(1) NaKC0„.6Ii 2 0-; nionoclinio crystals, 
unchanged in .dry air, effloresces in moist air; 
by evaporating solution of equarequivalents of 
the constituent salts, and crystallising from 
K,CO„Aq. At 100° loses OH-O. S. 185 at 15° 
(Marignac, O. Tt. 45, 050; Marguf.rite, A. 56, 
220; Stolba, III. [2| 4, 192, 7, 241). 

(2) 2Xa.,C0,.K.,C0,.18H,0 ; from mother- 
liquor from which K,Fe(CN)„ has crystallised out. 
May be crystallised from K 2 C0 3 Aq (Marguerite). 

SoniUM-C.VI.CIUM CARBONATE; 

Na.CO.,.CaCO„.511-0 ; occurs native‘as Gay- 
hussilc ; obtained, in microscopic monoclinic 
crystals, by reaction between freshly ppd. CaC0 3 
and cone. Na 2 CO,,Aq at ordinary temperature. 
When dry this compound is decomposed by 
water (Fritzsche, J. pr. 93, 339; lloussingault, 
P. 7, 97; II. Rose, 1\ 93, 606). 

Strontium carbonate. SrOO,. S. O. (pp.) 
= 3-62. S. (cold or hat) = -0003 (Bincau, Q. It. 

. 41, 509). S. (cold) = ‘00;> (Fresenius) solubility 
diminished by NII :i Aq or (NK,) 2 CO a Aq. S. (10° in 
satd. CCLAq) = *12 (Lassaigne). Occurs native as 
strontianite. Crystals of trimetric system, isomor- 
phouswith arragoniteandwitherite. Prepared by 
ppn. with an alkaline carbonate as asmootli white 
substance; in form <Jf strontianite, by crystal¬ 
lising amorphous carbonate from fused KC1 and 
NaCl (Boil'geois, Bl.£ 2] 37*, *M7). Heated in 
elided vessel C0 2 given off only at about white 
heat, but in aqueous vapour SrH.X)., is formed 
at a much lower temp. Alkaline sulphates in 
solution do not decompose it at any temperature 
(Rose, P. 95, 284). Ammonium chloride solu¬ 
tion boiled with it converts it into Hr CL. 4 

Thallium carbonate T1..C0 3 . S.G. (fused) 
7-00 (Lamy). S. (15-5°) -4 02 ; (00 J ) = 11*7; 
(100 J ) = 27*21. M.P. c. 272° (CanicUey, C.J. 33, 
275). Formed by exposure of T1 in a saturated 
solution of TLO to air „• Prepared by allowing 
1 granulated ilWtalto oxidise in warnVair, boiling 
with water‘fcontaining excess (N1TJ...C0 3 and 
filtering. TLC0 3 is deposited in groups of prisms 
(Miller, Pr. 11, 555), wjiich are brilliant, highly 
refractive, very heavy, arhydrous, colourless; 
melting, undecomposed, much below redness to 
clear liquid which solidifies fo dark-grey mass, 
and at red heat decomposes cvoiving,OCX.. Taste 
mildly caustic and metallic. Solution has alka* 
line reaction- not eonvletely removed by super< 
saturation with CO., ((.Cookes; Werther, J. 1804. 
249). * 

Thorium carbonate. Tli(C0 3 ) 2 .3ThH 4 0 4 .2H,.0. 
Alkaline carbonates throw down a basic salt 
with evolutional C0 2 . Moist ThU^O* absorbs C0 2 
from air. Th0 2 is not sol. in water containing 
CO, (Berzelius). Salt of above formula obtained 


as an amorphous pp. by treating hydrate Alia- 
pendod in water yvith C0 2 , or by ppg. solution 
of ThCl 4 with an alkaline carbonize. 

Tin oarbonat|f. SnCO s .SnO; by adding 
solid SnC* 2 to) cone. NaXO^Aq in absence of air: 
very unstable. If (NH,). 2 CO a Aq is used, hexa¬ 
gonal prisr-s of (NH 4 ) 2 0.2Sn0.3C0.,.3H,0 are 
said to be filmed (Deville, A. Ch. [3] 35, 448). 

Uranium carbonates have not been isolated. 
Alkaline carbonates pjft. uranous hydrate from 
UC1„ a basic sulphate from U(S0 4 ) 2 , and double 
carbonates from uranic salts. ^ 

Urrnyl-ammmium carbonate. 
(U0,)C0 3 .2(NH 4 ). 2 C0 9 . S. = 5 at 15° ; wercased 
by (NH 4 ) 2 C0 3 . Prepared, in small yellow trans¬ 
parent crystals, by digesting in ^NH,) 2 C0 3 Aq 
at .60°-80° the pp. produced by NH 3 Aq or 
(NH,). 2 C0 3 Aq from uranic salts, filtering, and 
allowing to cool. Decomposed slowly at ordinary, 
more quickly at higher, temps, leaving UO,; 
solution boiled evolves NH 3 and C0 2 , and 
deposits yellow pp., c*?iftaining uranium, of doubt- 
»ful composition (Arfredson, P61igot; Ebelmen, 
A. Ch. [3] 5, 189; Delife, P. 55, 229). 

Uranyl-potassium 'carbonate. 
(U0 2 )C0 3 .2K.,C0 3 . S. - 7*4 at 15°; insol. in alco¬ 
hol. Prepared, as a bright yellow crystalline 
crust, by dissolving in KIIC0 3 Aq the pp. formed 
from uranic salts by K 2 CO a Aq, and evaporating. 
At 300° evolves C0 2 ; at red heat leaves mixture 
of K uranate and carbonate. KOHAq pps.‘all 
the (J as K uranate, even in presence of excess 
of K.C0 3 . 

Uranyl-sodium carbonate. 

(U0.,)C0 3 .2Na.,C0 3 . preparation and properties 
similar to K salt. Two Ca salts, 

(1) (UO 2 )CO 3 .CaCO,.10H 2 0; 

{2) (U0,,)C6 3 .CaC0 :t .5H 2 0; 
occur native (Smith, A. 60, 253). 

Yttrium carbonate. Y. 2 (CO.,) 3 . Na 2 C0 3 Aq 
pps. it from yttrium salts with 12H 2 0 inflhe 
cold, and^H 2 0 at 100°. Not easily Recomposed 
by hf*1r‘f * sparingly soluble in water containing 
C0 2 . Solution in (NH,). 2 C0 3 Aq, if concentrated, 
deposits a white crystalline double salt which 
does not redissolve in (NJI 4 ) 2 C0 3 Aq ; also soluble 
in K 2 C0 3 and Na 2 CO a Aq (Befzelius). 

Zinc carbonate. ZnC0 3 . Occurs as calam¬ 
ine. Not obtained by precipitation. Pp. 
formed by KHC0 3 Aq in ZnS0 4 Aq is 
2ZnC0 3 .3Zn0 2 H 2 (Berzelius). ZnCO s unaltered 
at 200° ; slowly evolves C0 2 at 300° (Rose). 

Hydrocarbonates. Native hydrocar¬ 
bonates are (1) zinc bloom Zn0.ZnC0 s .3ZnH 2 0 2 
(Berzelius), or ZnCO.,.2ZriH 2 O a 4aq (Smithson a. 
Borndorff, Gm. 6, 15). (2) Anricalcite or green 
calamine * 2ZnCO :l .3ZnH.,in which Zn is 
partfy replaced by Cu. (3) BuratikL a hydro- 
carbonate containing Cu and Ca. f ¥ 

ffhe pps. formed by alkaline carbonates in 
solutions of zinc salts all appear to contain 
water, and to vary Vn composition with strength, 
temperature, and proportions, of solutions. For 
rcsftdts obtained urder varying conditions, v. 
Rosy) (P, 85, 107), Schindler a. Boussingault 
(Gm. 1, 15). They all evolve C0 2 and H 2 0 at 
5^>0°, yielding ZnO (Rose). 

Ammonia-carbonate of zinc (NH a Zn)CO,. 
. Deposited in crystals from a solution of ppd. 
zinc carbonato in cone. (NH 4 ) 2 CO s Aq (Favre, 
Traitide CAimw, PelouzeetFr6my, 2nded. 8,47). 
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■■\s Xfne-potassium carbonate ’ 

SZnCOj.SKjCOg.THjO (?). Crystallises from a 
Solution of ZnCl a mixed witlrK sesquicarbonato 
(Deville, A. 6h. [3] 32, 75). _ 

Zinc and sodium carbonate ) » 
8ZnCO s .3Na,CO„ (?). Small crystals, obtained 
as potassium salt (Deville). j 

Zirconium carbonate. Exccstf of alkaline 
carbonate Solution products a pprin solutions 
of Zr salts, soluble in j’fa. J (orK v )CO s Aq. Com- 
positiontseems to be variable (Hermann, Klap¬ 
roth, Vanquelin). 

■"ffnio-CAitnoNic acid. Mol. w. un¬ 

known. A dark yellow very strongly sfnelling 
oil; ob&ined by adding cold dilute IIClAq to 
K 2 CS s or N%;CS 3 ; very easily decomposed, by 
heating, to CS* andH 2 S (Zcise, £>. 41,105; Ber- 
zelins, P. 6, ^50). 

Thio-carbonates. These salts have the 
compositionM 2 CS 3 , or MCS<, when M 2 = Na 2 Ac., 
and M«Ca &c. A few basic sfflts are also 
known. The composition of tho salts of the 
alkali and alkaline earth lAetals has been do-J 
termined; several other thio-carbonatos seem j 
to be produced in the reactions between solu¬ 
tions of •metallic# salts and KXJS,Aq or 
Na 2 CS 3 Aq, but the composition of very few of 
theso thio-carbonates of tho heavy metals has 
been determined. Thio-carbonates are formed 
by reactions between CS 2 and aqueous solutions 
of the monosulphides of the alkali and alkaline , 
earth metals, M„S and MS. By using MOHAq | 
and CS 2 , thio-carbonates and carbonates are 
formed simultaneously; with MO.Ji.Aq and Ctt 2 
(M — Ca,Ba,Sr) basic thio-carbonates are formed, 
e.g. CaCS,.2Ca0,H,.(>H 2 0 * NH.Aq reacts with 
CS 2 to form (NH 4 ) 2 CS ? and (NH,)CNS (Gelis, J. 
1861. 340). The thio-carbonates arc yellow, 
red-yellow, brown, or black, soltfs; the hydrated 
salts are yellow. The sails of the alkali and 
alkaline earth metals are soluble if. water; 
tlioso of the heavy metals are more or-loR* solu¬ 
ble in ox&ss of MgCSjAq (M« Xa Tho 

thio-carhonates are not very stable; tlio’Se of 
the heavy metals easily decompose to metallic 
sulphide a*nd CS 2 ; cone, solutions of tl;c alkali 
salts change to II,^ and alkali carbonates when 
boiled, dilute solutions decompose by standing 
in air to carbonates and S. Heated alone, most 
of them give metallic sulphide and CH 2 ; K..CS a 
gives K 2 S 3 and C. The thio-carbonates havo 
been chiefly investigated by" Zcise (S. 41,105); 
Berzelius (P. 6,450); Walker (CJN. 30, 28); 
Bestini (G. 1871. 473; J). 5, 327); Guiis (J. Ph. 
[3] 39, 95; C. R. 81, 282); P. Thenard (C. It. 
79, 673); Husemann {A. 123, 67); Merinot 
(G. R. 81, 314). , 

Ammonium thiocarbonate (NII,),,CB :l . ‘Pre¬ 
pared 4»yXMxing a saturated alcohol involution 
of NH 3 witifc its vol. CS 2 , cooling after^tho 
liquid has become brown, pouring off liquid, 
and washing the crystals several limes with 
alcohol, then with ether, and pressing 1>otween 
paper (Zcise). Yellow crystals, v. sol. in wafer, 
insol. in alcohol or ether; fciay be sublimed in 
dry air by gentle warming ; tjfery hygroscopic. 
Aqueous solution heated to 90°-100° evolves 
H. 2 S, and NH,CNBAq remains (G61is). * 

Barium thiocarbonate BaCSj. By-snaking 
BaSAq with CS 2 , washing with alcohol, and 
drying in vacuo . 
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Calcium thiocarbonate. CaCS 3 . By digesting 
CaS with excess of CS 2 , and evaporating in vacuo. 
Citron-yellow; sol. in alcohol' or water j milk 
of lime shaken with CS a gives an orange-red pp. 
of CaCS s .2Ca0»H 2 .6H 2 0, and this at 30° gives 
red liquid from which red crystals of 
CaCS 3 .§Ca0 2 H 2 .7IL0 separate (Walker; Sestini). 

Potassium‘thiocarbonate. K 2 CS a . When . 
K.SAq is digested with CS 2 at 30° in a qlosed 
vesse^ or CS., is dissolved in a cone, ^lconolic 
solution of K a S, yellow deliquescent crystals 
separate; dried at G0°-80° these give K 2 CS a , a 
red-brown solid; v. sol. in water, «L sol. in 
alcohol. 

The othot thiocarbonitca whicli havo been 
fairly well examined and analyse' 1 are those of 
Lithium, Magnesium, Sodium, find Strontium. 
Thiocarhonates of P>i, Cd, dr, Co, Au, Fe, Pb, 
Mn, Hg, Ni, Pt, Ag, Bn, Zn, seem also to be 
formed by adding the solution of an alkali thio¬ 
carbonate to a solution of a*salt of each of these 
metals. M. M. P. M. 

CARBONIC ANHYDRIDE C0 2 v. Carbon, 

OXIDES OF. 

CARBON TETRA-CHLORIDE v. supra and 

TeTRA-CIILORO-M ETHANE. 

CARBONIC ETHERS. There are threo 
classes of carbonic ethers: viz. acid ethers 
CO(OR)(OH), normal ethers CO(OR) 2 , and 
ethers of ortho-carbonic acid C(Oli) ,. In these 
[ formulas It may bo any alkyl. They are de¬ 
scribed as salts of the alkyl: e.g. Ethyl car¬ 
bonate, Methyl carbonate, Phenyl carbonate, 
£e* * 

Orthocarbonic ethers are formed by the 
action of sodium ‘flleoholales on chloropicriu 
(Williamson a. Basset, A. 13*2, 54). They are 
converted by ammonia into guanidine. 

Normal carbonic ethers. 

Formation. — 1. Froiji alkyl iodides and 
silver curb mate (do "Clermont, A. 91, 375).— 
2. By the action o( Ni£ K, solid NaOEt (^ mol.) 
or KOEt (,4 moi.J, upon \lkyl oxalates (1 mol.) 
(Killing, A. 19, 17; lid wig a. Weidmann, 6, 
301; Geuther, Z. 1868,656; Cranston a. Ditt- 
mar, Z 4 1870, 4).—3. By the action of alkyl 
chloroformates upon sodium alcoholates, e.g. : 

Cl.CO.OEt + NaOMe - NaCl + MeO.CO.OKt 
, (Roesc, A. 205, 240). Tho mixed ether prepared 
| from ethyl chloroform ale and sodium methylate 
is identical with that from methyl chloroformate 
and sodium ethylate. -4. From COCl 2 and sodium 
alco bolides. 

I ro- cr^s.’^-Tho I.dSSng-i»oip #e \ttnd ipecifio , 
gravities of the fatly carbonic qfners are aa 
follow 6 (Sloe.-e, A. 205, 244):— 


Ether 

1‘dling-pi.iiH 

S.G. 

Mc..OO. . 

90-0° 

1-055 at 17° 

Mdotno, 

109*2 1 

1-00 at 27° 

EtXOj ' 

125" 

*97 

, Mel'rCO, 

* 

08 at 27° 

rr.cn, 

-2° 

•95 at 17° 

Mc(PiCH.)C0 3 

H3(i° 

#5 at 27° 

Kt(l>rCIl.)CO a • 

1X0-1° 

•93 at 27° 

(l'rCH (jCO, 

iao-3’ 

•92 at 15° 

]il(C,H„)CO, 

182*3° 

,-92 at 27° 

(C s H n ) 2 CO, 

228-7° 

*91 at 15° 

_ JL _ 
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OAKBONld ETHERS. 


Reactions .—1. Ammonia converts the ethers j 
R,CO, into carbamic ethers, and finally into ! 
urea.—2. PC1 5 forms chloroformic ethers. In 
mixed ethers Bll'CO s the alkyl which is con¬ 
verted into chloride is the smaller of the two: 
Et(C 5 H, 1 )00 8 + PCI* --= EtCl + CICO/bH,, + POC1, 
The amides of the chloroformates, which # nay bo 
regarded as half chloric?, half amide of carbonic 
acid icarbamie chlorides), are obtained by tlio 
action o£ COC1., upon the hydrochlorides of 
amines, c.g. COCI* + NEtH, = COCl(NEtH) + II£i 
(Oattermann a. Schmidt, B. 20, 118) cf. Ciilouo- 
formio Aori». — 0. When an alkyl carbonato is 
''heated with an alcouol containing a heavier 
alkyl, the heavy alkylriisplaces the^ightono. (lb). 

Chloro - imido - carbonic ethera C1N:C(()U)«. 
These are forfned by leading (Jfilorine into a 
cooled solution of NaOII and KCN in an 
alcohol (Sandmeyer, B. 19, 802). They are 
crystalline, and converted by dilute acids or by 
aqueous ILS into the corresponding carbonic 
ethers. Aqueous potassium arsenite reduces 
them to imido-carbonic ethers (cf. CiiLono-iiiino- 
CAltllONIO ethers). 

Imido-carbonic ethers UN:C(OU) 2 . Prepared 
as above, are alkaline liquids, readilj docom- 
posed by aqueous acids into Mb, and carbonic 
ethers (cf. Imido-cakuonio etheus). 

CARBO-DI-NICOTINIC ACID v. Pyridine 

TRI-CARHOXYLIC ACID. 

CARBONIC OXIDE. Name usually given to 
CO, v. Carhon, oxides of. 

CARBONIC - OXIDE - POTASSIUM v. po¬ 
tassium salt of Hex^oxy-bkxzene. 

CARBONOUS OXIDE CO, v. Carbon, oxides of. 

CARBON TElRA-I0Dlj>E v . Tktra-iodo- 
metiiane. 

CARBONPIMELIC ACID v. iso-Pentane tri¬ 
carboxylic ACID. 

CARBONYL. The divalent radicle C:0. 
When attached to twef carhon atoms the product 
is a ketone, when attacl^pd to one carbon atom 
and to hydroxyl the cornpofuvl is a carboxylic 
afi^l; when attached *o one carbon atom and 
to 5'ne hydrogen atom the product is an aldehyde. 
Two or three carbonyls attached to C1I render 
the hydrogen displaceable by metals.*' Many 
carbonyl derivatives of amido- compounds are 
described under the amido- compounds from 
which they are formed by the action of COCL. * 

CARBONYL - DI - m - AMIDO - DI - BENZOIC 
ACID V. Dl-PHF.NYB-URF.A-DI-Rl-CARlIOXYLIC ACID, 

CARBONYL - AMIDO - PHENOL v. Anhy¬ 
dride, of OXY-PHF.NYL-C CM 10 A'-ID. 

CARBONYL BROMIDE v. Carron, oxy-rro- 

BIOK 01’. 

CABB0NY1 DI-BIURET v. Biuret. 

C ARBON YL-CARB AM J C ETHER C,U NO, 
t.e. CO'.N.CO.OEt or Carloxctkyl 

cyanate or cyanurate. [119°]. Formed by 
the action of chloroformic ether on potassium 
cyanate. If dry ether be present a Second com¬ 
pound O lo H,jN,O s Jt07°] is also formed. Bl-om- 
bio plates, si. sol. cc{.£ alcohol, v. sol. CHCf a . 
When heated with water to 100° it loses C0 2 
forming oyanurio ether. Its formula should 
therefore possibly be trebled. The compound 
when distilled with water behaves 
similarly (Wnrtz a. Henniger, O. B. 100,1419;' 
d. 6lit. [0] 7,132). 


Compounds with cyanic ether 
(a) C,„H 13 N s O, or (CO:NCa,Et)(CO.NEt), 
[107°). Formed al above, or together with oar- 
boxy-carbamic (imido - diformic)* other [50°], 
(226°) whti^the #8her is wet. Needles, which 
lose CO., on heating, yielding oyanurio ether 
(W. a. H.). I 

(fc) C n IK 3 N,0 7 i.e. (CO.N.COjEtJ.JCONEtj. 
[123°]. FoAned together with imiio-diformie 
ether when KCNO action an aqueous ethereal 
solution of chloroformic ether for a long time. 
On distilling it forms oyanurio ether (W. a. H.). 

CARBONYL CHLORIDE v. Carbon, qxychlo- 
Binis o?. *’ 

CARBONYL-GUANIDINE v. Amido-Ipioyanio 

ACID. 

CARBONYL DI-PHENYLENE 1 v. Diphenyi,- 

enJ ketone. 

CARBONYL-DI-PHENYL OXIDE v. Dl- 

PHENYLKNE KETONE OXIDE. 

CARBONYL-PYRROLE C„H,N..O i.e. 
0C <NCir Di-MM-urca. [03°J. (c. 238°). 
’Formed, together with di-pyrryl-ketono, by the 
action of carbonyl. chloride upon pyrrol- 
potassium (Ciamician a. Jfagnaghi, B. 18, 414; 
1820). I.ai'go monoclinic crystals, a'.h'.c 
= 1-1088:1: -7189. V. sol. alcohol and ether, 
insol. water. By heating to 2bib 1 it is trans¬ 
formed into a mixture of pyvroyl-pyrrol 
O.II.N.CO.C.TI.NH and di-pyrryl - ketone 
CO(C,ir,NIl)... 

CARBONYL SULPHIDE v. Cabbon, oxysob- 

rmiiE OF. 

CARBONYL-UREA v. Urea. 
CARBOPETROCENE v. Petrooene. 

CARBO - DIPHENYLENE v. Du-henybexr 

ICF.TONE. 

CARBO-DIRJIENYLIMIDE v. Di-ejiknyb- 

CYANAMIDB, 

CARBO-TRI-PHENYL-TRIAMINE v. Dr- 

rilENYr.-^UIDO-Iil'.NZAMIDlN'E. 

CJia'fO PHENYL.TOLYL-IMID» v. Piienyb 
tola*. cyanamide. 

CARBO-DI-PROPYL-DI-PHENYL-IMIDE v. 

Dl-l’Rnl-YB-DI-PUKNYB-CYANAMIDE. 

CARBO - PYRIDENIC fCIDS v. Pyridine 

CAUBOXYIiIC ACIDS. 

CARBO-PYROTRITARIC ACID v. Di-methyl- 

FORFTJRANE CARBOXYLIC ACID. 

CARB0-PYRR0LIC ACID v. Pyrrob-car- 

BOXVDIO ACIt). 

CARB0-RYRR0LYL-F0RMIC ACID v. 

Pyrryb-obyoxylic aoid. 

,CH:CH 

CARB0STYRIL C,H,NO i.e. C„H,< I or 

, \nii.co 

• .ClIiCH 

C.II,<f ( . Lactam or iSctini of o- 

. X l? = C(OII) , 

amulo-cinnamie acid. (Py-3)-Oxy-Quinoline. 

(199°]. . 

Formation .— 1. By boiling o-amido-cinDamio 
aoid with HClAq (Chiozza, C. B. 34, 598 ; A. 83, 
117 ; Tiemann a. Oppermann, B. 18, 2070).—2. 
Obtained by reducing tri-chloro-oxy-quinoline 
with HI (Rotheit, J.pr. [2] 29, 800). . 

r Preparation. — o-Nitro-oinnamio ether, if 
heatei with alooholio (NHJ,S to 10.'- .Slider 
prossure, the solution is evaporated to 
tAirm, im with NaOH and the oarbostyril pp<L 
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\by CO a (FriedlSnder a. Ostermeyer, B. % 14, 
1916). 

# Properties* —Prisms (frora^alcohol); or long 
tlu’n threads (detaining aq) from dilute aqueous 
solution. May be sublimed.*® V. ^asol. cold, 
v. sol. hot, water. Sol. alcohol and other. 
Alkaline KMn0 4 oxidises it to isatiS and oxal- 
oxyl-amido-benzoio acid (earbostyiilio acid). 
CO 2 H.C (i H 4 .NH.C(OH).,.CO,iC[ 200 o jr 

Salts.—The K and Na salts form easily 
soluble piates. The barium salt A'.d3a: spar¬ 
ingly soluble plates. 

Methyl ether: (247° uncor.). Colourless 
liquid. Smells of oranges. * * 

Ethifl ether: [below 0"]. (250°). Prepared 
by the actio%of ethyl iodide on sodium-ear- 
bostyril, or of # alcoholic KOH on chloro-quino- 
line. Volatile,vwith steam. Colourless liquid. 
Sweet smell.— BTICi: hygroscopic crystals. 

Phenyl ether: [GO 0 ]. Sublimable. Glis¬ 
tening plates. Sol. ordinary solvents (Fricd- 
landor a. Ostermaycr, B. Ip, 

Reference. —Amit>o-cakim>st}:kil, Bjiomo-oah- 
BOSTYiiiL, &o. Hydfocarbostyril is described 
under AMino-rnKNYL-pnotioNic acto. Ktliyl- 
pseudo-carbo*tyril is described as (Pij. 3,1)-Oxy- 
ETHYL-QU1NOLINE. 

CARBOSTYRIL-CARBOXYLIC ACID v. Oxy- 

QUINOLINE-CAKROXYLIO ACID. 

CARBOTHIALDINE C,H„,N,S,,. Crystals 
which separate on adding GJi. to an alcoholic 
solution of aldehyde-ammonia (Bedteubaeher a. 
Liebig, A. 65, 43). Also from aldehyde and 
auimonic thio-carbamatc (Mulder, A. 168, 235). 
Insol. water. Sol. acids. 

Reactions .—1. HCl split* it up into aldehyde, 
Nil., and CS 2 .—2. KMnQ 4 forms H..SO,,CO..,KCy l 
and acetic aoid.—3. HCl and Fe.Cl,. forms Nil,Cl, 
aldehyde, and NH...CS.S...Cb.N. , j > , (Guareschi, 
G. 8, 246; B. 11, 1383). \ " ‘ 

{[ARBO-TRI-THIO-HEXABROIVIIDE n. ILexa- 
bkomo-di-lietuytj tw-sulphijm:. c 

GARBO-%OLYLENE-DI - PHENYL - FA¬ 
MINE v. Dl- PHENYL - TOLYTjEX K - TKTIt V - A MI DO¬ 
ME THANE. 

CARB0-1>I-T0LYL-IMIDE v. Di-imi.yi.-cvan 1 - 

AMIBE. ® 


DICARBOTHIONIC ETHER H(CO,Et),. 
(180°). Frojn CtCOjlit anil ulaoholie N'a.S. 
Oil; decomposed by baryta-water or alcoholic 
KOH into Et. 2 S and CO, (V. Meyer, B. 2, 21)8). 


CARBO-VALERTHIALDINE 0,.J I„N..S„. 
[109°]. (O.); [117°] (H.). V.D. U0. From iso¬ 
valeric aldehyde (5g.), CS , (3g.) mid aqueous NJ[ ;I 
(SchrOder, B. 4, 409). From isovaleric alde¬ 
hyde and ammonium thio-carhamale I Mulder, 
A. 108, 237). Colourless needles (from Slcolpil). 
Fe a Cl, on wifhning gives the snlphocymiidc re¬ 
action. IvMt^pj forms HCN, H.SO, and'valeric 
acid. Fe._.Cl, and HCl form in the cold a ycllAv 
powder (S.CSNH,).,. CarbovaWaldine may there¬ 
fore be dithiocarlamatS of di-valerylidor.o am¬ 
monium H,N.OS.SN(CH.CH..CHMc.) 2 (Guares- 
chf, A. 222, 310 i O. 13, C00)» 

CARBOYIlfIC ACID is U^j.rotjen Eth.l 
OABBOKATZ to. v). 

CABBOKAJHDO - BENZOIC AOID v. Di^| 

DI-CABBOIJLIO ACID. 


DO - CABBIHIDAMIDO . AeH- 
*010 AciJ>*p.X57. 


CARB0XAMID0 - CYANAMID0 - BENZOYL 

v. p. 155. , 

CARBOX AMIDO-HIPPURIC ACID v. p. 164, 
CARBOXAMJDO-q-OXY-BENZOIC ACID 

C n H l2 N 2 0 7 . A product of the action of urea on 
amido-salicylio acid at 200° (Griess, J. pr. [2] 
1, 235).^ Minute needles, v. si. sol. most sol¬ 
vents. • 

CARBOXETHYL CYAN^TE or CYANURATB 

V. CaKOON YL-OAHRAMTO ETIIKH. • 

CAKBOXY - ACET0 - GLlJT^RIC ACID v. 

M&TUYL PROPYL KETONE TKI-CAIUIOXYLIO ACID. 

y - CARBOXY - o -AT.IID0-BENZ0IC # ACID v. 
ISATOIC ACID. 

j'-Carboxy-qj-amidmbenzoi* other v. p. 157. 
CARBOXY-BENZENE PH0SPH0NIC ACID 

C0 8 II.CJI l .PO(gll) 2 . [above 300°J. Prepared 
by the oxidation of p-toluone jphosphonic acid 
C li n,(CH. J ).PO(OII)., with KMnO.,. Needles or 
tables. V. sol. water, m. sol. aqueous HCl or 
alcohol. On ^eating to 300° it decomposes, 
giving metaphosphoric and benzoic acids. 

Salts. - A'"Ag., : slightly soluble pp.— 
X ,// II,Knq: fine needles sol. water, si. sol. alco¬ 
hol.—A'^dl.R : long prisms si. sol. water. 

Chlomide 0,11,(0001) (POOL). [83°J. (315°). 
Colourless cry sin Is. Afoalcd with PCI., it gives 
p-chlorobenzoyl chloride PC1 3 and POOL,. 

Triinethyl ether A.'"Me,: thick liquid (Mi¬ 
chael is a. Panek, 11. 11, 405). 

CARBOXY-BENZOYL-ACETIC ACID v. Ack- 
TOPIIF.NONK DI-CAHUoXYLIO ACID, p. 37. 

CARBOXY - BENZOYL - AMIDO - BENZOIC 

ACID V. PlITnALOXYL-AMIOO-HKNZOlC ACID. 

CftRBOXY-BENZOYL-fTHENYL TRI-CAR- 
BOX YLIC ACTD v. Phenyl-etiiyt.-ketone tetua- 

CAUROXVLIO ACID. * 

CARBOXY - BENZOYL - PROPIONIC ACID 

0„T1| 0 0^ i.e. CO,U.C 1( ir,.CO.C,JT l .CO,H. The 
free, acid is unstable, but its Na salt is 
formed by dissolving phtliqjyl-propionic acid in 
NaOHAq Mlabuol a. Msclinol, J). 11, 1680). 

<> - CARBOXY - BENZYL - ACETCL- ACETIC 
ETHER 

C, ,11, ,0, i.e. CO,li.G*H 4 .CIL.CHAc.CO,VX 
[02° j. Formed by reducing phthalyl-aceto- 
acetic ctfter with zinc-dust in glacial acetic acid 
(Billow, A. 236, 100). Needles; v. sol. hot 
water, alcohol, ether, and HOAc. The ammo¬ 
nium salt melts at [121 U J. Boiling baryta- 
water converts it into benzyl-acetone o-car- 
boxylie acid. 

Phenyl hydrazide C, l ,lI,,N,0 4 . [235°]. 

Dccc nposcs slowly* forming alcohol and 

c i ji i ..n,o., mn 

o-CARBOXY-BENZYL-MALONIC ACID 

HO,C.C,lI l CIL.ClI((k>4I) ; .. Forrned'hy saponify 
ing o-earboxy-beuzj l-ina-onie etlier (Wislieenus. 
A. 242, 37). Prisms. V. gol. hot, si. sol. cold, 
water. Heated to 11)0’* gives olT CO., and forms 
o-earboxy-phon\ 1 -propionic acid [160 ]. 

Salt.—A"'Ag.,. rf V. si. sol. hot water. 
Di-ethfli ctifer 

CO a H.C < .H 4 .CH 3 .CH(CO..Et) 2 . [86°]. -045 at 

17‘. Formed by reducing a phthalyl rnalonio 
ether with acetic acid ant# zinc (Wit&cenus, A. 
242, 32). Fine needles. Y. e. sol. ether and hot 
alcohol, si. sol. hot water. 

Salts.—A'Ag: white needles.—A'Na:' deli- 
quescent needles. V. sol. alcohol, insol. ether. 
Tri-ithyl-ether A'"Et a . (250°) at 45 

ZZ 
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CARBOXY-CARBAMIC ETHER. 


CABBOXY-CAKBAMIC ETHEK C.H..NO, 
M. NHfCOjEt),. [60°]. (226°). . 

Formation »—1. By the aotion of chlorofonnio 
fiber on potassium oyanate in the presence ot 
wet ether. A second compound C, n H, s N,O,[107°], 
insoluble in water, is also formed, while a Binall 
quantity of yellow oil [170'’] is found-in the 
aqueous extract. If absolute alcohol be used 
instead of ether, thetsecond compound is not 
fornSSd.—2. Chloroformic ether (34 gr.) and car- 
bamio efner (24 g(.) are heated together a. 120°. 

Properties .—Long prisms. It forms biuret 
and alcohpl when made with aqueous Nil,. The 
salt C s H, 0 NO,Ag crystallises in cubes (Wurtz a. 
Henniger, A. Ch. f3] 7,135). ,, 

CABBOXY-CINWAMIC ACID v. Cinnamic 
aern. , </ 

CAEBOXY-COKNICULARIC ACID C,„H u 0 5 
t.e. C,H 3 .C(CO,H);CH.CO.CII(CO.H).C 6 H,. 
Formed as a by-product in the reduction of 
pulvic acid to dihydrocornicularie'-acid. It was 
not isolated, but was converted into the lactone 
by means of acetic anhydride. ,, 


Carboxy-cornicularic-lactone 
OC-O CO.II 

<WM> 4 or |||‘. [215°]. 

C 6 H V C:CJI.C : C.C B H, | 

fjong felted needles or short prisms. In cold i 


Aqueous Nil, or alkaline carbonates it dissolves \ 


forming salts of the formula C ls H,,0,M, but on i 


heating it gives salts of carboxy-cornicularic 1 
Acid C.JIpO.M.. (Spiegel, B. 15,1540). 

CARBOXY-CYANAMIDO-BENZOYL v. p. 155. 

DI-CARBOXY-GLl) TACONIC ACID 0,11,0*. 
Propylene tctracarboxylic acid. 

Ethyl ether (CO..Kf^.CILC£I:C(CO»El)... 
.(270°-280°). S.G. 1*181 at 15°. From its sodium 
salt by HC1. Oil, soluble in alcohol or ether. 
Boiled with HC1 it gives off CO* and forms 
tglutaconic acid (q. y.) and iso-aconitic ether. 
NaOH acts similarly. ‘Sodium derivative 
<C0 2 Et) 2 .CNa.CU:C(C0«Et) 2 « [260°]. From 

malonio etner, NaOEt and chlflrofoun (Conrad a. 
Guthzeit, A. 222,251ft 2(C0.,Kl)CNa., + CII01 3 = 
<C(7 2 Et) 2 .CNa.CH:C(C0 2 Et) 2 + 3NaCl. Bright 
yellow prisms. Insol. ether, si. sol. coM water 
or cold alcohol, v. sol. hot water or hot alco¬ 
hol. Gives a violet colour with ferric chloride, 
and pps. with metallic salts. Sodium amah* 
gam reduces it to dicarboxy-glutxric acid , 
(CO.*H)*CH.Cn 2 .CH(CO*H) 2 [107°]. When this 
acid iB heated it gives off C0 2 , becoming glu- 
tario acid. , 

Methyl jiU,- carbr , y -^lutaco^c ether. — 
Sodium di-carboxy-glutaconic ether heated with 
alcoholic Mtii at 150° forms mcthyl-di-carboxy- 
•glutaconic ether, (C() 2 Et) 2 .CMe.Cf£:C(C0 2 Et) 2 , 
an oil, which on saponification gives rise to 
'(C0 2 H) 2 CMe.CH:C(C0 2 II)lP, and this readily splits 
•off C0 2 , forming methyl-glutaconic acid, 
C0 2 H.CHMe.CH:CJ£.C0 2 H [2r37 0 ]. Methyl glu- 
taconic acid forms white crystals; r. sol. water, 
^alcohol, or ether. 

Benzyl-Jli-carbcrsy-glutaconic ether J - 
»(C0 2 Et) 2 .Cf0 1 H 7 ).CH:^;C0 2 Et) 2 , [78°], is formed 
in a similtif way, using benzyl chloride. Insol. 
water, v. sol. hot alcohol, ether, or cone. H s SO«. 
When saponified by caustic soda it gives off C0 2 
carbonic aci<? and forms bcnzyl-glutaconic acid- 
COJi.CH(C H 7 ) .CH:CH.C0 2 H, [145°]. 


DI- C ARB 0 XY-GLUTARIC ACID v. Di-car- 

BOXY-OLUTACONIO ACID. 

CARBOXYL. Vxatyl. Tho monovalent acid 
radicle C0 2 H i.e. CO.OH. Its hydogen is always 
displaoeaye by metals, cf. Acids. 

CARBOXYLIC ACID, so-called, v. Di-oxy- 

BENZENE-DI-hUINONE. 

Di- hydra-carboxylic acid v. Tetra-oxy- 

qcinone. h 

Tri-hydro-carboxylic acid v. Hexa-oxy-benz- 

ENE. * 0 

Oxy-carboxylic acid v. Benzene tri-quinone. 
f-CARBOXY-OXAMIC ACID Di-ethyl ether. 
C 7 H u rO & i.e. COjEt.NH.CO.GO.Et. [45°]. From 
ClCO.CO Et and oxamic ether (Salomon, J .pr. 
[2] 9, 292). Needles (from ether); sol. water 
and alcohol. r 

• o-CARBOXY-PHENOXY-ACETIC ACID 
C ti n,(C0 2 H).0.CH 2 .C0 2 n. Carbdky-phenyl-gly - 
collie acid. [187°]. Formed by oxidation of 
o-aldehydoruhenoxy-aeetic acid with KMnO*. 
White needles. Sol. f alcohol, ether, and hot 
water.—A''Ag 2 : white, sparingly soluble pp. 
Di-ethyl ether A"Et, : liquid. 

Di-amide C-H^CO.N'II,),. [158°]. Long 
yellow needles, sparingly solublo in ether, benz¬ 
ene, and hot water, v. sol. chloroform and hot 
alcohol (Bossing, B. 17, 2995). 

?u-Carboxy-phonoxy-acetic acid 
C li H,(C0 2 H).0.CH 2 .C0JI[l:3]. [206°]. Prepared 
by oxidation of m-aldehydo-phenoxy-acetic aoid 
with KMnO,. Needles; v. sol. alcohol, other, 
and acetic acid, si. sol. cold water.—A"Ag a : crys¬ 
talline (Elkan, B. 19, 3044). 

^j-Carboxy-phenoxy-acetic acid 
C # H*(C0 2 H).0.CH 2 .C0,JI [1:4]. [278°]. Pre¬ 

pared by oxidation of p-aldehydo-phenoxy-acetic 
acid with KMnO*. White needles; v. sol. alco¬ 
hol, ether, and acetic acid, moro sparingly in 
benzene, chloroform, and ligro'in, si. sol. cold 
water. 

Salts.—A"Ag 2 : white sparingly soluble pp. 
ThePk^fcu, and Fe salts are sparingly soluble 
pps^dhB Cu and Ba salts are soluble (Elkan, B, 
19, 3044). 

o-CARBOXY-PHENYL-ACETIC ACID 

C (j H*(COJI)CH 2 .CO,JI [1:2]. Homophthalicacid, 
Phcnyl-acctic-carboxylie acid. Inuvitic acid. 
[174°]. Formed by saponification of benzyl- 
cyanide-o-carboxylic acid by boiling with dilute 
KOH. Colourless crystals. V. sol. alcohol and 
hot water, insol. benzene. 

Salts. -A"Ag 2 : insoluble amorphous pp.— 
A"Ca2aq: Sparingly soluble crystalline powder. 
—A"Ba : easily soluble crystals (Wislicenus, B. 
18,173). 

XII 2 .CO 

4-nbydride C 6 H 4 ^ I . [141°]; long 

\co-6 « 

prismsv. sol. ether and chloroform. ^Formed 
by°tl»e action of acetyl chloride ofl'tho acid. 

Ethyl ether ( A"Et 2 : (292°); thick aro 
matio oil (Gabrieli B. 20£2499). 

>CH a .CO 

Imide CJEL^o I di-oxy-isoquinoline); 
r ,>00. NH 

[c. 233°]. Formed by dry distillation of the 
fimmoniura-salt. Short colourless needles (from 
alcohol or acetic acid). Sublimes in long crys¬ 
tals, ‘ Si. sol. alcohol. Dissolves in aqueous 
caustic alkalis. Heated with POC1* at 160°- 
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170° it is converted into di-ohloro-iso-quinoline. 
* .(fHj.CO 

Methyl-fmide C a H,<; I : [123°]; 

\W.N5|» 

(314°-318°) ; long colourless needles; v. sol. 
ordinary solvents. Dissolves in aqueous alkalis. 
Obtained by dry distillation of the yiethylamino 
salt of theeacid. By MeUand modbyl-aleoholio 
KOH at 100° it is eon^rted into a tri-methyl 
• -CMe-.CO 

derivative C„H,<y | , [103’], which is 

X!0 . NMe 

also obtained by methylatiofi of the 0 iuiide 
(Gabriel,• 77 19, 1054, ‘2354, 23113). The imide 
and methylim^de combine with diazo-benzene in 
alkaline solution. 

Amic aci$ C a H ( (C0 2 H).CH ; .C0NH 2 (lioitio- 
phthalamio acid): [187°]; colourless needles. 
Formed by slowly warming benzyl-cyariide-o- 
carboxylic acid C S H,(C0 2 TI).CII..(1N. with cone. 
HjSO, to 70°, and pousirg into water. 

Amic methyl ether 

C,H,(CO,Mc).Cir,.C(iN'IL : [112’] ; crystalline 
solid (Gabriel, 73. 20, 12uU). 

BeniensHteo-carboxy-phenyl-acetic-imide 

XH-N.-C.H, 

C H/ . [2G0°]. Formed by the 

'CO.NH.CO 


action of diazo-benzono chloride upon an alka¬ 
line solution of the imide of carboxy-phenyl- 
acetioacid. Orange-yellow needles (Gabriel, 73. 
20,1205). 

CABBOXY -PHENYL - BENZ - GLYCOC YAMI- 
DINE V. BF.NZGT,YCOCYAMimNK. 

CABBOXY-PHENYL-GLYCOLLIC ACID v. 

ClKimXY-riirYdXY Acern: *cm. 

CABBOXY-PHENYL-MAIONAMIC ACID. 

Ethyl ether CO s Et.Cll s .O»VXH.C„IT l .Ct >.IT. 
[173°]. A product of th* action of lnsilonio 
etl^ir on nt-amido-benzoic acid (Soliill, A. 232, 
144 ; B. 17, 403). Silvery needles When 
heated it ’.Creaks up into malnnic c; r and 
malonyl-di-amido-di-benzoic acid : 

2CO.,Et.CH,.CO.NH.C,H,.CO,TI > 
CO a Et.CH;.CO„Et +' CH a (CONH.C„H .110.11).. 

o - CABBOXY -JHBNYL - METHYL - ACETIC 
ACID C,H,(CO..H).CIIMe.CO.,II. a-Methyl-homo- 
O'phtlialic acid. Hydratrojnc-o-carhoyylic acid. 
[147°]. Formed by heating the imide with fuming 
HC1 at 200°. Colourless crystalline powder.-— 
A"Ag 2 : crystalline pp. 

-CliMe.CO , 

Imide C,H,\ | 

XX) NH 

DUoxy-methyl-isoquinoline. [145°]. Formed 

by heating o-cyano-phonyi-mclhyl-acoto-nitrile 
C„H,(CN).£HMe.CN with cone. II.HO,*at c.l30’ 
and pauring into water. Glistening prisms. 
Can be distilled undeoomposed. Dis%olvcj in 
aqueous alkalis. By digestion with alcoholic 
KOH and Mel it is converted into the methyl- 
imide of earboxy-phenyl-di-methyl-acmic acid 
-CMe 2 .CO 

1 . By TOClj it is converted 

XIO . NMe » • 

into { Py. 2:4:l)-di-ehloro-methyl-isoqmnoline, 
whilst (Py. 4:2:1) -ohloro-oxy-methyl -isoq uinol i»e 
is formed as a by-prodnet (Gabriel, 71..20*2503). 

o-Carboxy-phenyl-di-methyl-acetic acid 
C.II,(COjH).CMe a .CO a H. Di - methyl - homo - o - 


[ phthalic acid. [e. 123°]. Obtained by dissolving 
the anhydride in boiling aqueous NaOH and 
ppg. with HC1. On heating it is reconverted 
into the anhydrido. By distillation with soda 
lime it gives isopropyl-benzene.—A"Ag a : crys¬ 
talline pp.—A"K..aq: plates. 

CMo.,-CO 

Anhydride ' I . [85°]. 

. - 0 „ ' 

(3l2°) at 700 mm. Prepared by heating the 
imide or methylimido with filming lift (4 pts.) 
at 210' for 4 or 5 hrs. Flat crystals, slowly 
dissolved by aqueous alkalis, formingcalts of tho 
acid. , 

-CMe.-CO* 

Imide C„1I,<[ I’ (di-methyl-homo- 

\f!0 —NII 

phthalimide): [120’1; (318°) at 770mm. Pre- 
pared by tho action of methyl iodide on a solu. 
tion of the imide of carboxy phenyl-acetic acid 
in methyl-nl*>holic Koll at 100°. Flat needles. 

-CMe..CO 

Methyl-imidc C„H,<[ | (tri- 

'CO — NMe 

motliyl-homo-phtlialimide). [103°]. (295°) at 

770 mnt Formed by further methylation of 
the preceding imide or of tho methylimido of 0 - 


y ClI t .CO 

carboxy-phcnyl-acetic acid C,,II,<[ | 

NCO. NMe 

Long needles. Slowly sublimes at 100’. V. sol. 
ordinary solvents, insol. alkalis (Gabriel, B. 19, 
2303; 20, 1198). 

CABBOXY-PHENYL-METHYL-e-m-PYBBYL. 
BENZOIC ACID C„,H, s Ni3 4 i.c. 

110 , 0 . 0 : 011 . 

| >N.c!n,.c 

HCiOPlg 


I..CO.H [210°]. Obtained 


by saponilication of its moiio-ctliyl-cther which 
is obtained by s* veral days’ standing of an acetic 
acid solution of acetophenone ueeto-acetic ether 
(l mol.) and m-ainiuo-honzoic acid (1 mo!.). 
Aggregates of cokwirless needles, t^ol. ordinary 
solvents except water. 

Et0..n.fc:CMc\ 

I', thy l ether | >X.C H,.<*0 II; 

IiCrCPlr 

[1G0°]; slender yellow' needles (from dilute acetic 
acid); sol. alcohol, ether, Ac. Its Oa, Ha, Sr, 
•and Mg salts are white granular pps. (Paal a. 
Schneider, 71. 19, 310*2). 

o CABBOXY PHENYL 0XAMIC ACID 

<yr T >:o, cji,(C0..f.r .nh.co.ooji. [ 210 0 ]. 

8. 11 at 10’. . ’ 

Formation. —1. ’..y . . '.ting ''lie aeBl with, 
o-amido-ben/.oic acid at. 120°. 2. From carbo- 

styril and alkaline 1*' .VlriO, (Fricdltuder a Oster- 
maier, B. 11, 1.915; 15,334).—5. From acetyl- 
quinoline telrahydride and cold dilute KM 11 O, «. 
(Hofmann a. Koni r y, B. 10, 734).—4. From 
cynurin or cyuiirenic acid and alkaline KMnO, 
(Kretschy, ill 4,* 15G; 5, 15). - 5. Formed by 
oxidation Nf (PJ.)-bromo-quinolinc with KMnO, 
(Claus a. Collischonn, B. 19, 2767).. 

* Properties. —Silv ry l-eddles (containing aq). 
(from water), or geodes 4( from ether*). Decom¬ 
posed by dilute spids, 01 * by long Boiling, into 
oxalic and amido-benzoic acids. 

Balts.—(NII,)..A": minute felted needles.— 
KHA" Jaq.—BaA"aq.—BalI 2 A" ! a^.— CaA"2iaq. 
CuA"CuO 4aq.—AgjA". . 

• -F 9 
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Mono-ethyl ether 

C, l H 1 (C0,H).NH.C0.C0 2 Et. Ethyl-oxalyl-an- 
thranilic acid. [181°]. Felted needles. Formed 
by oxidation ol indoxylio ether or indoxanthio 
ether with CrO, (Baeyer, B. 15, 777). 

m-Carboxyphenyl-oxamic add 
C0.,H.C0.NU.C 6 H,.C0 2 H. Oxaloxyl-amido-bm- 
zoic acid. ■ 

Formation.—1. Bytboiling an aqueous solu¬ 
tion ‘of the barium salt of cyano-tinrbimiao- 
amido-bdMzoic acid.—2. By heating (equal'mols. 
of) »t-amido-benzoic acid and anhydrous oxalic 
acid for aq.hour at 180° (Griess, 13. 10, 330 j 18, 
2412). 

Properties. —Small white plates., V. sol. hot 
water, in. sol. alcohol, insol. ether.— BaA"2aq. 

Mono-ethyl ether . 

CO.Et.CO.N tl.Cjl^.CO jl(i.'thoxald)L'ii7;imii: acid) 
[225°). Formed l>y boiling »»-ami<lo-benzoic 
acid with oxalic ether (Schill, A. 232, 132; B. 
17, 402 ; 6. 15,534).i Silky needle^ (from water 
or alcohol). When heated abovo225° it splits up 
into oxalic ether and carboxy-plionyl-oxaniide. 
Amide -ether (3 l.lit.CO.N I i.0,,1 f ,.CON I f 2 . 

[101-5°]. Got by heating m-amido-benzamido 
with oxalic ether. Gives witii aniline thj amido- 
anilido CO(NlIl‘h)CO.NH.C„H 4 CO.NH, fc. 310°). 
Anilide-ether CO..Kt.CO.NH.C,lI,.CONPhTl 
[180°]. From m-amido-benzanilido and oxalic 
ether. Satiny needles. 

Amic acid C0(NH,)CO.NH.C,H t .CO 2 H v. 
Phenyl-oxamidf, cAnnoxyuc acid. 

CARB0XY-PHENYL -OXAMIDE v. Piienyi.. 

OXAM1DE CARBOXYLIC ACID. 

CABBOXY-FHENYL-OXY ACETIC ACID v. 

CAItBOXY-rjIEXOXY-ACETIC ACII) 

o-CARBOXY - PHENYL PHENYL - CARBA - 

MATE C, i H 4 (CO s H).O.CO.NHC, i II 5 . 

Methyl ether C„H 1 (CO.,Mc).O.CO.NlIC, ] H, 
[238°] ; long ncodlcs ; sublimable. Formed by 
heating methyl salicylate with phonylcyanate 
(Snape, IS. 18,2431). • , 

m-CAEBBXY-PHENYL-PH8SPH0RIC ACID 
C s n 4 (C0 2 B).0.P0(0H)f' [201°]. From its chlo¬ 
ride and water. Scales, v. sol. water, alcohol, 
and other. Water at 160° decomposes! it into 
phosphoric and m-oxy-bcnzoic acid (Anschutz n. 
Moore, A. 232, 333). 

Chloride C.H.CljPO, i.c. 
C 2 H 4 (COCl).O.rO.Cl 2 . (170°) at 12mm. S.G. »° 
1'548. From m-oxy-benzoic acid (1 mol.) and 
PClj (14 mo is.). Further treatment with l’Cl 2 
(1 mol] produces C.H,Ci PO, (1]S') at 11 mm. 
This isuprobabl.y C,U,11rovc iO.1 1 tlI,, ;uul is con- 
’verted by water into C S II 4 (C0 2 H).0.1’0(OH) 2 . 
A further quaBtity of PC1 S converts C 7 H 4 Cl I’O, 
into 0,11,01.001,. 

o-CARBOXY-0-FHENYL-PROPIONIC ACID 

HO.,C.C„H,.CH,Cn 2 .CO,H. -[100°]. Formed by 
heating o-carboxy-bcnzyl-malonic acid to 100° 
(Wislicenus, A. 242, 39, cf. Gabriel a. Michael, 
B. 10, 2204). Prisms, v. sol. l ot, si sol. cold, 
water. 

CABBOXY-PHENYL-SEBACAMIC ACID 

C0 2 H.C,H, J .QO.NH.C, i *o;.C0 2 n. [193°]. From 
its ether by Saponification. Prisms. 
Mono-ethyl ether 

CO 2 Et.C,H 10 .CO.NH.C„H,.CO 2 H. [14G 8 ]. From 
Bebacio ether and )»-amido-henzoic acid (Pellix- 
tari. A. 232, 145 ; B. 18, 215 ; G. 16, 550). 


«f-CARB0XY-PHENYL-8UCCIN AMIC ACID 

C 2 H 2 (C0 2 H)C0.NH.C a H 4 .<X) t H. Bentamtuccinio 
acid. [223°]. Colourless prisms. \ta ethyl- 
ethor is formed, together with di-{i?ienyl-succin- 
amide di<iJftbox 41 io acid, by boiling amido- 
benzoio aoid with an alcoholio solution of suc- 
cinio ether. On heating to its melting-point it 
loses H t O aryl is converted into Buocinyl-amido- 

benzoic acid tl 2 H 2 <;^>N‘.C a H 4 .CO.Jk [235°]. 

Ethyl ether " 0 

C 2 H,(CO a Et)CO.NH.CJI 4 .CO,H [174°]; glisten¬ 
ing plates from water. 

Awide C 2 H.,(CONH.)CO.NIX.C 6 H 4 .CO u H 
[229°]. 

i nilide C 2 H.,(CONIIPh)CO.Ni:.C a H 4 .CO,H 
[252°] (Pellizzari, A. 232,146; B. 18,214; O. 
15,'550; Muretoff, J. B. 4, 298). ,, 
p-Carboxy-phenyl-succinaraio acid 
[4:1] C e H,(CO a H).NH.CO.CH r OH,.CO,H. [226°]. 
From p-tolc/l-succinimido and dilute aqueous 
KMn0 4 (Michael, B. 1C-, ’Ml). Needles, si. sol. 
cold water and cold alcohol. Boiling cone. 
IJClAq gives succinic ard p-amido-benzoic 
acids.—AgHA". 

o-CARBOXY-PHENYL-SULPHURIC ACID 

CO J H.C 11 H l .O.SO. J .OH. Sulicyl-sulphuric acid . 
Prepared by the action of K.B.O, on a solution 
of salicylic acid in strong KOH. By heating 
the K salt to 190° it gives K.B0 4 and salicylide. 
—A #, K a . Colourless spikes, licadily decomposed 
by dilute acids into salicylic acid and KIiS0 4 
(Baumann, B. 11,1914). 

m-Carboxy-phenyl-sulphurio aoid 
[3:1] CO a H.C„H l .O.SO ;i .OH. Prepared by the 
action of" K^Oy on a solution of w-oxybenzoio 
acid in strong K()H.--A"K 2 : [220 o -225° with 
decomposition]; needles, more stable towards 
dilute acids thaft.the ortho - compound; is de¬ 
composed however a* 100°. 

;;-Carboxy-phonyl-sulphuric acid ^ 
[4:1] C0.JI.C fi H l .0.S0. 2 ..01£. Prepared by tne 
action. i/lK 2 S.O, on a solution of p/ixybenzoio 
acid Pi strong KOII. - A"K 2 : leallets or tables. 
Does not decompose till heated to 250°. 

CARB0XY-PR0P YL-ACETIC ACIDv. Ethyl- 

SUCCINIC ACID. 

CARBOXY - PYRRYL - GLYOXYLIC ACID 

C 4 NII 3 (CO.JI).CO.COyH. Formed by the oxida¬ 
tion of pyrrylene - di - methyl - fli - ketone 
(CH r CO)oC 4 H a NH, or of pyrryl-methyl-kctono 
carboxylic acid, with alkaline KMn0 4 . Crystal¬ 
line; sol. et|.\er, alcohol, and boiling water, 
insol. benzene.—A"Ag 2 : yellow pp. 

Di-methyl ether A"Mc 2 : [145°]; long 
colourless needles; m. sol. hot alcohol, si. sol. 
ether and benzene. Potash-fusion gives pyrrol 
di-carboxyiic acid (Ciamician a. Silb er > B. 
19, 1412,1957; 0. 10, 373, 379). « 

CARBOXY-TARTRONIC ACID n t;. Di-oxt. 
TAKTAKIC acid. 

CARBYLO-DIACYTONAMINE v. p. 27. 
CAREYLAMINES v. Carbamines. 
CARDAMOMS, OIL OF. Employed in medi 
cine as a carminative. 

2. From Cey 1 n. The seeds of Elettario 
major contain 3'5 p.o. of an essential oil whicl 
consists of a terpene (170°-178°), terpinene, t 
solid Substance [61°], and terpineol C, 0 H, h ( 
(205^-220°). The latter is converted by HC 
into di-pentene hydrochloride, C )0 H u 2HOl [62° 
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and by HI into C la H„2HI [76°]. The teVpene 
also gives a hydrochloride C^H 1S 2HC1 [52°]. A 
solid tetrSbromido could norbo got (Weber, A. 
238, 98). • 

2. From Malabar. The*8il fr Elcttaria 


Cardamomum slowly deposits crystals of 
C, 0 H„3H,O (Dumas a. Pdligot, A. Ch. [g] 57, 
334). 

CABStfL C a ,n 30 D 2 (?) An <fil, occurring 
with anacardio acid (#»•). in the pericarp of 
the casftow nut (Anacardium occidentale). It is 
sol. alcohol and other. It is not volatile; it 
blisters the skin. It givc%with basic lead 
acetate a pp. of C. M H. JB (PbAc)OJ?bO (gfliideler, 
A..,63, 137). Anacardic acid C 2 ,H 30 (OH)COJI 
in alcoholi^rfiolution gives with metallic solu¬ 
tions pps. of the salts: AgA'.— CaA^ai^ — 
BaA'aq.—MgA'aq.—Its methyl ether is an oil 
(Ruhemann a. Skinner, C. J. 51, 063; U. 20, 
1861). 

CARICIN. An oilv substance plesont in tlio 
Beeds of the Papaw tree (Garica papaya) 
(Peckolt, Ph. [3] 10, 313). 

CARMINAPHE *. N.y>irruoQUiNON«. 

CARMI¥IC ACID # C„H Ih O, 0 . Tho colouring 
matter of cochineal* which is obtained from 
insects of the genus Coccus , chiefly Coccus 
cacti. Cochineal contains only 10 p.c. colouring 
matter (Pelletier a.^Cavcntou, A. Ch. [2] 7, 00; 
8,. 255; Warren do la liue, A. 01, 1, 23; 
Schiitzcnberger, A. Ch. [3] 51, 52; Schaller, Til. 
[2] 2, 414; Mihie, O. It. 0.8, 000; Diotcrieh, 
C. C. 1807, 2.87; Licberniann, li. 18, 1000). 
The lead salt is ppd. on adding load acetate to 
an aqueous infusion of oothiixpal; by this means ! 
the quantity of colouring matter cochineal j 
may be estimated. Carmine/ a red pigment , 
prepared from cochineal, app* ars to be a com- j 
pound of carminic acid wj^li ifluminn, lime, and ; 
E^mo organic acid. Cochineal also contains a | 
Cat (in which are ethers of mypstic ucif, of 
0| 4 H n O a ac°.d of C 12 H 22 0 2 and a waxy ..nbstiuice, 
coccerin (Raimann, M. 0, 801; Licbcfma’ n, li. 
10, 328). 

Properties. — Purple mass, sol. water and 
alcohol, si. sol. e^her. Its solution forms red 
pps. with the alkaline earths and with acetates 
of Pb, Zn, Cu, and Ag. Alum and NaXO, give 
the aluminium lake. •! 

Reactions. —1. Boiling dilute II SO, forms 
* carmine-red ’ and a sugar C 0 H la O,. (lllasiwetz a. ' 
Grabowski, A. 141, 320). According to Liober- 
mann the formation of sugar is questionable.— 
2. Potash-fusion gives ooeeiniu, oxalic acid, and 
Buccinic acid (H. a. G.). —3. Cone. IT, SO, at 
130° forms a compound C,.JI. J0 O 1; , and ruHcoccin 
C, 0 H„,O tf fLiebcrmann a. Dorp, A. BJ3, J05).— 
4. HNOf forms nitro - coccic acid 
C B H/N0 2 )^ a . T 5. By distillation with sim-dust j 
a small quantity of a solid hydrocarbon 6„JI 1S 
is produced, this forms plates melting at [187 J ] 
(Furth, B. 16, 2169)T 

Salts.— Na 2 A"-—KA" * a <j-—l!aA".raq II< 

Coccinin C,,iI, a O a . •Prepared as above. 
Yellow lamina (from alcohol); insol. water, v. 
sol. alcohol, si. sol. ether. Sol. alkalis. The 
alkaline solutions are yellow and absorb oxygen, 
•becoming green and, finally, purple.. The solu¬ 
tion in cone. H 3 SO, turns indigo-blue on warm¬ 
ing. On distillation with zinc-dust it yields a 


too 

small quantity of a hydrocarbon C 1H H, f whiah 
forms plates ;nelting at [187 0 ].--C u H,,(NHJO v 
Acetyl derivative. Yellow crystals, sol 
alcohol and acetic acid, insol. water (Furth, B . 
16, 2169). 

Ruficoccin C 1B H l0 O # . Formed as above. 
Brick-red powder, si. sol. warm water and ether, 
m. sol.Alcohol. The ethereal solutions fluoresce . 
green. Tho alkaline ^sglutiona are brown. 
Cbnc. H..S0 4 forms a violet solution.— 

CaC li; lTA‘ • 

* Compound C 3 .jr, (1 O n . Blitck insoluble pow¬ 
der. Forms violet solutions in KOHAq and 
cone. II 2 S0 4 . Both this compountf and rufi 
coccin give # C 1(j H 12 [LflT^irhcn distilled over • 
zinc-dust. • 

Carmine i^d C,,H I2 0 7 . Formed by boiling 
carminic aciu with dilute II.St), (u. supra). 
Dark purple mass with green lustre; scarlet 
when powdered. Alcohol and water form red 
solutions, ^nsol. ether. .Potash-fusion forms 
coccinin. Water at 200° forms ruiicarmine 
C, B II,..(V- Salts: K 2 C 1I H 10 O,. GaC 1I II,,,0 ; a-aq 
— BaC n II l0 O ; a?aq. — ZnC,,H 10 0 ? a:aq. —- 
Zi^ChHhOj). asiq. 

If carmine-red bo dissolved in acetic acid, 
and treated with bromine two products are ob¬ 
tained, named provisionally (a)- and (, f$)-broino - 
carmine. Tho (a)-broino-carmino is sparingly 
soluble in acetic acid and separates in crystals 
(yield: 10 p.c.), whilst the amorphous (/3)-bromo- 
carminc remains in solution and is ppd. on 
adding water (tho yield is 20 p.c.). 

4 (a)-Bromo-carmino ’ C,.,ll,Br,0 3 crystallises 
in’Colourless needles, [2?8 0 j, v. sol. alkalis. By 
boiling with strong aqueous KOI! it gives 

4 (a) - Bromo -flioxy - carmine,’ so called, 
O l( ,IJ ii Br.,O ri , which forms colourless crystals, 
[208°]. By its behaviour on etherification it is 
shown to contain one CO. II and one phenolic 
Oil grown. On oxidating with KM.n() 4 it yields 
two bodies:— (a) An ,;cid C„ll .l»r.,0 4 which forms 
Ctiiourlcss crystal^ f2lVj. By its reactions on 
lrndhylation it is proved to confliin one OH 
and CO.Il group, whence it probably has the 
constitutor! G.(OH.,)Br..(OIl)(OIIO)C0 2 V or 
C„II(GU,)Br 2 (()1-1)00.00-/11. (5) A neutral body 

C.,lI,Br 2 0 4 , [195 J J, which by its reactions is 
shown to be a di-bromo-oxv-mcthyl-phthalic 
anhydride C ( .MeBr,,(011)(hO./.d [1:2:1:3:5:6]. 

4 (/3)-Bromo-canmne/ so called, is the second 
product of the bromination of carmine-red, and 
scpai-'tcs in yellow amorphous Hocks on adding 
we. or to the gceti*aeid solution. It is v. sol. 
alcolmi, noetic ac*4 out £ould nob bo ob- # 

tained in a pure s* ite. Ih« boiling with strong 
aqueous KOII it is • •>*M v ''*ri.od inlA 

4 (flj-Bromo-oxy-carmine ’ 0 n IB,Br 3 0 4 , which 
forms glistening yellow needles, [232°]. It is ^ 
di-basic acid „nd f<nms red salts. On oxidation 
with KMnO.it yields two bodies:—(a) An acid 
C, i ,II„Br.,0 1 . wlitoh forms colourless prisms 
(containing aqfc and melts at [230°] with evolu¬ 
tion of C0 2 . From its reactions it probably ha» 
•tho constitution C, MoBr. <sV OH)(CO JI)CO.C0 2 Hi 
(b) A neutral body ji) u Ti#3r 2 O t identical with tha$ 
obtained from tho 4 (a)-bromo$>xy-carmine 9 
(Will a. Loymann, D. 18, 3180). 

CARMUFELLIC ACID C, 2 II 20 0 lfi . An acid 
said to be formed by the action #f HNO, on the 
aqueous extract of cloves. Micaceous jsoaleu. 
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inaol. alcohol, ether, and cold water (Muspratt 

a - D C» P Bf#A 2 ’ Obtained from theleaves 
ol Copemicia cerifera in Brazil, and largely used 
there lor making candles. It contains myriey- 

lio alcohol, C M H SH CH.pH [85-5°], a hydrocarbo^ 

r69°l and compound ethers derived from the 
following alcohols and acids: myricyl alcohol; 

• an alcohol C K H,,CIUOfI [70° S a di-hydno 
alcohSl C S3 H 41 (CH.OH)j [104-j; arf -J- 
ide of hghoceric acid, G 2S H 47 CO.,H. 1.7 z & f, an 
acid isomeric or'identical with cerotic acid 
(I H CO U [79°] i and an oxy-aetd of tho 

formula "d^,,H,i»(CH.jPII)(C0 2 II) or its lactone 
' [103-5°]. The alcohol C^HJCII^I).. gives on 
oxidation an acid 0 ^( 00 , 11 ), [103-5°]; and 
the oxy-acid 0„H,(0H. J 0U)(C(\p «“ 

aoidO„H ls (CO , Il).,[90 ] (Sturcke, A. 223, 2831, 
cf. Lewy, A. Ch. [3] 13, 438 ; Brandos T. 1811, 
261; Maskelyne, C. J • 22, 87 ; Bcraid, Z. [2] , 
415). The greater part of the wn^’ is niyricyl 
cerotate and inyricyl alcohol. 

CARNINE C 7 H g N 4 () 3 . A substance occurring 
in extract of meat, and in the product boiling 
yeast with water (Weidel, A. 158, 353 ; Schutz- 
enberger, C. H. 78, 493). Obtained by. boiling 
with water the pp. thrown down from moat 
extract by lead acetate; the carnine crystallises 
from the evaporated filtrate (Kruckenberg a. 
Wagner, G. C. 1884,107). Crystallises with aq, 

V. si. sol. cold water, insol. alcohol and ether. 
Bromine-water converts it into hypoxantiune 
C H.N.O.- B'lICl: needles.—BULPtCl,.. 

5 CABPENE C„I1 14 . (156°). Obtained, toge¬ 

ther with p-cresol, by'distilling ealemm pobo- 
carpate. Oil, smelling of turpentine; resimlus 
in the air. Forms an oily edmpound with bro- 
mine (Oudemans, B. 6,1125; A. 170, 2o2). 

CABKOTIN C M 1I„ (?) Carrotene. lhe 
colouring matter of the carrot (Caucus Cauna) 
(Wackenroder, Oeiger’g Mag. 33, 144 ; Aeise 
J. pr. 40, 297; HuseinSnin, A. 117, 300). 
Occurs also as a normhl constituent in the 
leaves of plifhts, and in tho tomato (Arnaud, 
G. It. 102,1119 ; 104,1S..J3; Bl. [2J 4(., 487 ; 48, 
64). ^Inasmuch as no other coloured hydro- 
carbon is known, carrotin probably contains 

oxygen. , , 

Preparation .—Tho roots are cut up and 
pressed, dried at 80° and extracted with CS. 2 . 
The juice is ppd. with lead acetate and the pp. 
also extracted witli CH.. Carrotin,liydrocarrotin, 
and fat aro obtained from the OS... solutions. 
The fat is saponified with.alctjiolio potash. 
Water <\nd BaC- arc - The pp. is dried 

'and extracted with acetone. On recrystallising 
from methyl aKohol hydrocarrotin separates out 
first (lteinitzer, ill. 7, 597). 

Properties.—Small red plates, v. sol. yku, 
^benzene; v. si. sol. absolutes alcohol; and less 
sol. 90 p.c. alcohol. Insol. Aq. Rapidly absorbs 
oxygen from the air. Dissolved in cone. ILSU, 
giving a deep blue colour. Yields a ^nvati\e 
C^ILJo with iodine; this has a deep green 
colour, and metallic ‘lustre. Chlorine forms a 
chloro- derivative [120°]t ‘ 

HydiocaiOotin C K H.„0 (?), [138 ]. [«]t« 
-37-4° in CHC1, at -3-4°. Prepared as above. 
Greatly resembles cholesterin. Colourless, i n sol. 
water, v. sol. talcohol, acetono ether, C1IC1, 
and <J8 r Crystallises from acetone in long 


needlfes, and from methyl alcohol in plates oon- 
taming water. Besembles Liebermann's oholes- 
tol and Hesse’s cifpreol but differs ftom phy- 
tosterin (Beinitzer, M. 7, 597). • 

AcetyiHerifhtive [128°] ; coloured green 
by H 3 S0 4 , and rose by addition of chloroform. 
Benzoyl derivative [146°]. 

CABTHAMIN C,,H,A- The colouring 
matter of saflAwer (Cafithanrus tmetortus) (Chev- 
reul; Hchlicper, A. 58, 362). Washed safflower 
is treated with aqueous Na.COj, acetic«acidis 
added and pieces of cotton aro put in. ino 
cartliamino that has been taken up by the 
cotton iffi subsequently dissolved off it by aqueous 
Na.,CO„ and ppd. by citrio acid. Powder with 
red" lustre (from alcohol); b 1. sol. ,-rater, insol. 
ether, v. sol. alcohol. Its alcoholic solution is 
purfile. Decomposed by boiling vyith water or 
alkalis. Potash-fusion gives oxalic andp-oxy- 
benzoio acids (Malin, A. 136, 117). 

CARVACBOL. C 10 H 14 O i.e. C,H 3 McPr(OH) 
[1:4:2]. Cymenol. Mol. m-WO. [c.O ]. (237 l.V.). 
SG.14 -980. /u^. 1-5252. ILF. p. 68,181 

r i(C,0.)’ = 94,000; (H.,,0) = 69,000) (Stohmann, 

J. pr. [2] 34, 319). Occurs in the essential oil 
of Origanum hirtum and, together with cytncne 
and a lerpeno, in oil of Satureja hortcnsis and 
S. montana ; in oil of mint and 1 
Serpyllnm (Jalins, Ar. Pit. [3] 16, 277 ; B. 15, 
816 ; Haller, Bl. [2] 37, 411; 0. B. 94, 132; 
Beyer, Ar. Ph. [3] 21, 283). • 

Formation.—!. By boiling carvol (50 pts.) 
diluted with oil of caraway (50 pts.) with glacial 
phosphoric acid (12 pts.) for 3 or 4 hours (Lustig, 

II 19 11 ■ cf. Volckel, A. 35, 308; 8;», 246, 
KokulC- a. Fleischer, Bf 6, 1088; Kreysler, B. 18, 
1704).—2. From camphor (6 pts.) by boiling with 
iodine (1 pt.) (Kekule a. Fleischer, B. 6, 934; 
cf. Claus, J. pr.Vfi, 264; Schweizer, J. pr. 2b, 
118- A 40,329).—3. ,Srom broino-eamphor and 
ZnCl, (Sehiff, I). 13, 1408).-4. Pure camphtp 
cvmene is converted into its monosulphomc 
acid and the latter carefully fused -With 3 pt3. 
of KCAI (Jacobsen, IS. 11, 1060; cf. Pott, B. 2, 
121; H. Muller, B. 2,130). 

Properties.-- Oil. Fo. 4 C1, colours Its alco¬ 
holic solution green. • . 

Reactions.-- 1. On fusing with KOH iso- 
oxycumiuio acid C,,IL|(C0. 4 H)(OH)C.,H, [1.-.4] is 
Urst formed and finally oxy-terephthuho acid is 
produced (£. 11, 1060). -2. P s S. gives cymene 
and tliio - carvacrol C,.,H, ,S. — 3. P-A 
cresol and pronylcnc.—4. Fe a Cl« gives di-carva- 
crol — 5. PCI. forms chloro-cymcrie— 0. Diazc- 
benzene, forms O.H.Mot>r(OH).N s ,C < H, [80*-85 ] 
and C„1 IMel’r(OH)tN,C,II S ).. [126°] (Mazzara, 
0. 15, 214).—7. Chloro-acctic acid in presence 

of an’alkali'forms carvacryl-glycoyic aeid 

C H, ,().CH...C()JI. - 8. H,80 t forms ono cat two 
suiphonic Adds of tho form C„H 2 MePi-$0H).S0 3 H. 
Accofting to Jalins one only is formed, its salts 
being: KA'aq. - AgA42aq.—BaA„5aq. S. 12-5 
at 15°.—MgA'j 12aq. 

g.odium salt.—C 10 Hi»ONa: white crystal- 

Methyl ethef C.AjOMc. (217°). S.G. 
2-954 (Paterno a. Pisati, B. 8, 71; O. 5,,18). 
Por.us with II.,S0 4 two acids C, 0 H 12 (SO s H) (OMo) 
whose liji salts are BaA' 2 3|aq: v. b1. sol. water, 
and llai'j 5aq, v. sol. water. 

Ethyl ether C 10 H„OEt: (235°); oil having 
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an odour ot carrots (Lustig, B. 19, 11; C. C. 0. 12, 49). Prisms, vl e. sol. alcoii^], ether/and 
1884,787). chloroform. • ' 

Acettfl derivative « 10 H„OAo : (240°). CABVACSU MERCAPTAN C 10 H U S «.*. 

S.G. 2 1*01colourless liquid heavier than C„H a MePr(SH) [1:4:2], (236°). 8.G. !£? ’998. 

water. •• ,« From camphor or carvacrol and P,S, (Flesoh, B. 

Benzoyl derivative C 10 lI la OBz: (above 0,478; Hoiterburg.B. 6,069; Kekuli a. Fleischer, 
2C0°); thick odourless oil. B. 6, 934). Liquid. HNO, oxidises it to sulpho- 

Dicarvacrol. C 20 H m O,. [154°]. Formed by toluie acid (Bechler, J.} [2] 8, 108). 
the aetioil of neatral Ji'o..Cl a #>n carvacrol Salts.—Ilg(0 1 „H,.,,S) :a [109°] (Fittiea, A. 

(Dianin, J. B. 14, 141). Thin silky needles 1P2, 32?). — C 1 , 1 II 11 S.l^jCl, — C| 0 H I3 S>V<!. — 
(from dilute alcohol); Tnsol. water, v. sol. alco- C, 0 H,..SAgAgNO a . . 

hoi and ether. • Methyl ether C,„II„SM«. (244°). S.G.-99. 

o-CARVACROTIC ACID C,„H n (01I)CO.,II. TRI-CARVACRYI, PHOSPHATE 
Oxy-cymene-carboxylic acid. *[130°]. thepared rO(OC 10 H,.|)j. j 75°J. Colourless prisnft or tables, 
by passfhg C0 2 over heated sodium carvacrol. Easilysolublcinnlcohol,etlfcj,andben7,ene,n»ore 
White silkjajieedles. Sublimable. V. sol. hot sparingly in’pctioleum.ct.li«r. Formed by heat- 
water, alcohol, and ether, nearly insol. cold ing carvacrol with FOCI,; yield, 55-00 p.c. of the 
water. Alcoholic Fe..Cl„ gives a violet colottra- theoretical (l*e: ('sler, B. 18, 170H. 
tion (Lustig, B. 19,18). CARVACRYL-PHOSPHORlC ACID 

p-Carvacrotic acid C 1U II I2 (011)C0.,H. Oxy - C K H.,Mel > r.0.r() 3 lI. i! [l: l: , 2J. Formed by the action 
cymene-carboxylic acid. [80°]. Obtained by of POCl 3 umm carvacrol, # and treatment with 
oxidation of carvacrot^s r Idehyde (from carvacrol, aqueous K.cO.,. The potassium salt A'K5a<j 
CHC1 3 , and NaOII) with KMnO,. Long white forms large silvery plates. By alkaline KMn0 4 
silky needles. Cap bo sublimed and distilled' it is oxidised to oxyisopropyl-salieylio aciil 
with steam. V. sol. hot water, alcohol, and C,JI 3 (CMc/)H)(OIT)C0 2 II[4:2:1J (Ileymann a. 
ether, nearly insol. cold water, Green coloura- Konigs^/V. 19, 3309). 

tion with alcoholic Fc.,Cl„ (Lustig, B. 19, 10). TEIRA-CARVACRYL SILICATE Si (OC, 0 H 13 ) 4 . 

p-CARVACROTIC ALDEHYDE (380°-390°) at 118 mm. Colourless oil. Formed 

C u IL 2 (CH ;i )(C 3 H 7 )(OH)fClIO) [1:4:2:5] (?) Oxy - by heating carvacrol with SiCl,; the yield id 
aldehydo-cymcne. (c. 236°). Formed by heating 85 p.c. of the theoretical (Hertkorn, B. 18, 1094). 
carvacrol with aqueous NaOII and chloroform. CARVACRYL-SULPHURIC ACID 
Oil. Volatile with steam (Lustig, B. 19, 14). C, ( U 3 MePr.O.SO :l II [1:4:2]. Cumyl-aulphuricacid- 

An isomeride [96°] has also been described The potassium salt is formed by adding potas- 
as p-carvacrotic aldehyde. It is left as a rcsi- simn pyrosulpliale to a warm solution of car- 
due after distilling off the volatile aldehydo vawrol in aqueous KOfJ.* Silvery platers. V. sol. 
with steam. White silky flat plates. Easily water and etcohol. By alkaline permanganate- 
soluble in aPoliol, ether, and benzene, sparingly it is oxidised t* oxyisopropyl-salicyiie acid, 
in hot water, insoluble in cold water (Nord- C 1 TI.,(GMe.,0H)(0II)C0 2 li [4:2:1] (Ileymann a. 
mann, B. 17, 2032). ^ Konigs, B. 19, 3309). 

CARVACRYL-AMINE^C,*!,.^!!,. Methyl- CARVENE. A terpeno present in oil of 
ppopyl-phenyl-amine. (212°). Formed, together caraway, v. Tkiu’knkh. 
with di-carvacryl-amine, by heating carvacrol Nitroso-caivene •*. CftivoxiM. 
with amironiacal Zn.Br, or ZnCL and NlI,Br CARVE0L (219°). Thick fluids 

or NH,C1 at 360°-300°"; yield, 25 f to '.9 p.c. Formed by redaction of carvol with sodium and 
Colourless oil, which solidifies at —10° alcohol. With phenyl ^yauato it reacts to form. 
B' 2 H 2 Cl 2 PtCl 4 : yellow prisms, si. sol. hot water, cai veyl-phenyl-carbamato [84°] (Leuchart, B, 
Acetyl derivative C, 0 H i; ,.NIIAc: [115°]; 29, 1LJ). 
white glistening tables ; si. sol. hot water, v. sol. CifftiVEYL PHENYL-CARBAMATE 
warm alcohol. C 10 H IS O.CO.NPhkL [81°]. Formed by the action 

Benzeyl derivative C 10 TI, 3 .NHBz• of phenyl cyanate upon carved C lu H, y OH. 
[102°]; flat glistening crystals; nearly in sol. Slender needles. V. sol. hot alcohol, si. sol. 
water, si. sol. cold alcohol, v. sol. hot alcohol, ether and ligroin (Leuchart, B. 20, 114). 
and benzene (Lloyd, B. 20, 1201). CARVOL C l( ,H,,0. (228°) (It. SchifT, B. 19, 

Di-carvacryl-amine (C, 0 H, a * NIT. (344°- 50 2). S.G. ^ *90j}7 (Gladstone, C./. 49, 021); 
348°). Formed as above, tlio yield is 27 fo '*.#574 (latieLij; \,%Ar. Ph. [3J 22, 301). 
40 p.c. Colourless oil. V. sol. alcohol, ether, ju,, 1*5021# (G.). It* 7o , u'H (t*.). S.V. 190*2(fc 
and bonzene. Its solution in cone. ALSO, is IJ.F.p. 48,250 ((C,0 .) — 91,000;*{H 2 ,0) — 09,000) 
coloured blue by nitrites and nitrates. -jB'llCl. (Stohmann, J. p .. [2 ] 24, 322). 

—BVH 2 dLPtCl 4 . Occurrence .—In oil of caraway {oleum carvi) 

AcetTd, derivative (C.„n, 3 ) 2 N»Ac: [78°]; together with car^ei.o (173°) (Yolckel, A. 8ft 
white glistening scales; v. sol. hot alcolifd and 240). In oil of dill {And hunt gravcolcns) and of 
ligroin, si. sol. in the coldJLloyd, U. 20, 1201). mint (Mentna cxispa). The carvol in the oils of 
CARVACRYL-GCYCOLLIC ACID C l2 H, tl O : , i.e. carawa.%and dill is dextro-rotatory, but that 
C 10 H lg O.CH 2 .CO. 2 H. [140°]. From carvacrol, from oil of mint is licvo-rotatory [«]»» = -62*40 
chloro-ace tic acid and polish (Spiea, Q. 10^345). « at 2° (Beyer, .4r. Ph. [3< 21,288). According 
Flat needles.—PbA # .—AgA'% • to Fltickiger (/lr. Pk-^A) 22, 301) the rotatory 

Ethyl ether EtA\ fo. 100°]. (289°). power of carvolis [a) u = 58*2°. a 
Amide C^TIjA-NH... [08°J. * Proper ties.-^Uqukl Carvol from ah three 

CARVACRYL-LACTIC ACID C^MjhOs i.e. sources forms the same crystalline compound 
CioHjsO.CMeH.CCXjH. L74°]. From fcarvacrol, (C 10 H h O).. 1I.,S [1H7°] when H.,^ is passed into 
•-chloro-propionic acid, and potash (Scichilone, its alcoholic solution. When prepared from oih 
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»{ caraway or of dill thia oompound is dextro¬ 
rotatory, [o] D - + 6'5° at 20°, bat when obtained 
from oil of mint it is lsovo-rotatory, [a] D = - 6-6° 
at 20°. Dilute alcoholic KOH in the cold libe¬ 
rates carvol from this compound. Protracted 
treatment with H.,8 converts carvol in alcoholio 
solution into the amorphous>(C la H H S) ! H 1 S. 

Reactions. —1. Distillation over solid KOH 
or P 2 O s changes carvol into the isomeric carva- 
crol^Kekulfc a. Fleischer, B. G, 1088).—2. PjS, 
forms Cfinene. — 3. P 2 S, gives thio-cairacrol 
C 10 H,,SH.—4. Distillation over heated zinc-ditU 
gives C 10 H 18 (173°) and cymeno (Arndt, X. [2] 4, 
730; B. f, 204).—5. Sodium in alcohol forms 
carveol (</. v.).— 6. Ury IIC1 gas passed into a 
mixture of carvol tl.fnol.) and acetu-acctic ether 
(1 mol.) forms the compound C,„II r ,C10, pos¬ 
sibly C,H, s Cl:G(OH).CH(CO.CH 1 )*X) 2 Et. [14G u j. 
Glistening white prisms (Goldschmidt a. Kisser, 
B. 20,480).—7. Uydroxylamine forms the oxim, 
v . Cahvoxhi. 

Carvol - phenyl - uydrazide C l0 ’l 1( :N JIC,iI s . 
[106°]. Formed by the action of phenyl-liydra- 
xine on carvol (Goldschmidt, B. 17, 1578). 
Slender white needles. Sol. hot water. 

Carvol-chloro-hydride C 10 II,,ClO. ,Jhjdro- 
chlorocarvol. Oil. Formed by leading dry I1C1 
into carvol. 

Oxim C 10 H i 8 C1(NOH): [132°]; tables. 

Formed by the action of liydroxylamino upon 
carvol-chloro-hydride or of HC) upon carvoxim. 

Benzayl-oxim G l „lf,,,CI(NOIlz): [115°]; 
needles (from petroleum-spirit) (Goldschmidt a. 
Zttrrer, B. 18, 2220). 

Phenyl - hydraaide C I0 II, 5 Cl(N i lIP’.i) : 
[137°]; small white prisma. 

Carvol bromo-hydride C, 0 H,jBrO. Oil. J3o- 
composing at about 50°. * 

Oxim C lr H, s Br(NOH): [11G°]; prisms 

(from ligroin). 

Phenyl - hydrazide C| 0 H li Br(N..III > h) : 
[119°]; slender yclIoW needles (Goldschmidt a. 
Kisser, B. 20, 488, 207 l)x 

Constitution of carvol. , 

IIC- Pl’r =CH 

Carvol | | 

HC—CMoII -CO ,, 

is probably the pseudo-form of 
I1C - Cl'r - C1I 

Carvacrol | | 

HC - CMe-C(t)H) 

(Goldschmidt, B. 20, 4110). According to Glad¬ 
stone (C. J. 40, G21) the presence of two pairs 
of doubly-linked atoms of CiVvboir in the molc- 
,eule of t'arvol is-'m 1 ' ...cil by its molecular re¬ 
fraction. ( 

CARVOXIM' C, 0 H M ;N(Ori). Nitroso-hcsperi - 
dene or nitroso-carvenc. Largo colourless 

transparent plates. Sol. r.cijls and alkalis. 

Formation.—1. By the action of hydroxyl- 
amine upon carvol. —2. By passing nitrosyl 
chloride into a methyl-alcoholjc so^ition of 
carvene, and heating to its melting-point the 
crystalline hydrochloride C 10 H I(( ONC1 which pre-, 
cipitates. 

Reactions^— 1. By heating with dilute II 2 S0 4 
carvol is regenerated.—2. By passing 1IC1 gas 
into its methyl-alcoholic solution the oxim of 
carvol chloro-hvdride (v. supra) is formed. 

Hydrochloride B'lICl; white crystalline 


solid*; decomposed by water; iormea ojpttsamg 
HC1 into the ethereal solution. 

Methyl etheV Oj 0 H, 4 :N(OMe): •colourless 
fluid. q 

Benzqtf.derivative C, 0 H M :N(OBz): [96°], 
white glistening needles, v. sol. alcohol and 
benzene (Goldschmidt a. Ziirrer, B. 17,1677; 
18, 1729). 

Iso-carvocjm C 10 fl lt (NQH). [143$], possibly 
Obtained, together 

with a small quantity of carvoxim, by the aotion 
of excess of hydroxylamine on a solution of 
carvol vhlorohydride or bromo-hydride in alcohol 
(Goldschmidt a. Kisser, B. 20, 2071). ♦Needlos, 
si. sol. alcohol *, sol. acids and alk^is. Unlike 
carvoxim, it does not combine with f HC1 or HBr. 
Dilute II..SO, forms carvacrol and a compound 
C 10 H 15 NO [94°]. 

Benzoyl derivative G, 0 H, 4 (NOBz): 
[112°]; scales, v. sol. alcohol. 

CARVYL'AMINE C ir IJ 15 .NH 2 . Formed by 
reduction of carvoxim C l( ,il M .NOH in alcoholio 
solution, by sodium-amalgam and acetic acid. 
Colourless liquid, of strongly aromatic basic 
odour. Readily absorbs CO, from, the air.— 
B'lICl: [c. 180°], slcndei? silky needles (from 
alcohol). 

Benzoyl deWnaHtfoCjuH^.NHBz: [109°]; 
white needles (Goldschmidt a. Kisser, B. 
20, 480). 

CARYOPHYLLIN C 40 IJ til 0 4 (?) A substance 
that may be extracted by alcohol from cloves, 
the dried tlower-buds of GaryopV-ylhts aroma- 
tints (Mylius, B. J. 22, 4513; Muspratt, Ph. 
10, 343). Silky needles in stellate groups ; sub¬ 
limes at about 285°. SI. sol. cold alcohol, sol. 
boiling alkalis. PC1 S forms C 40 H tf .,O 3 Cl and 
C 10 H I( AC1 : ,. 

Acetyl dcrvvaUve [184°]. Monoclinio 
crystals (Hjelt, B. 13, 800). f 

Caryophyllic acid C w ll,.,O ir From caryo- 
phj'llin and fuming 41N() :J (Mylius, jf. 0, 1053). 
Amoralioil%; si. sol. water, v. sol. alcohol, ether, 
and HOAo. May be crystallised from fuming 
UNO*. 

Salts. -Na,A"".— Ag,A"".- Ba,A""l-.aq. 

CASCAKI1.LIN C,-ll ]H O r [205 ; j. K. ; 127 at 
100°; S. (alcohol) 3*33 at 8°. Extracted from 
(icascarilla bark (from Croton KlcutfwrUi and 
Cascarilla) by boiling water (Mylius, B. (>, 1051; 
cf. Tuson, C. J. 17, 195; Duval, J. Ph. [3] 
8, 91). Minute prisms (from alcohol); tastes 
bitter. Not aucctcd by boiling dilute 1101. Can* 
carilla bark also contains a volatile oil (173‘~ 
180°). 

CASEIN v. PboteTps. 

cageoAe V . Pkoteids. , 

CASS0NIC ACID f^HAr Formed, together 
with sgiccharie and oxalic acids, in th& oxidation 
ot cano sugar by HNO s (Sicwert, Institut. 21,78). 
Also from glyoonic acid and IINO s (Honig, J. 
1879, Ob'V). Syrup. Reduces ammoniacal 
AgNSj to a mirror.— ,BaA"a:aq. 

C^STORIN. Castoreum is a hard black sub¬ 
stance (soft when fresh) found in a pair of small 
saeg situated in the genital organs of the beaver 
(Castor -fiber and americanus). An alcoholio 
extract deposits first fat, and then castorin. 
Castoreum also contains a volatile pungent oil. 
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eholesterin, a resin, protelda, CaCO„ anl in¬ 
organic salts (Valenciennes, J. 1801, 803). 

CASTOR OXXi. ' A fatty oil obtained by 
pressure frofS the seeds of Ricinus communis. 
It solidifies at about —18°, Ifft S.G^tbout "909 
at 12°, and is dextro-rotatory, [a] = 12° (Popp, 
Ar. Ph. [2] 145,233). Castor oil consists chiefly 
of glycerides of stearic and ricinolcic acids. It 
is complexly dissolved )»)’ 5 voft. of 90 p.e. 
alcohol (Hager, C. C. 1|7G, 389). Dry distilla¬ 
tion gives acrolein, cenanthol (heptoic aldehyde) 
and an acid (C.iHajOJ* (Bussya.Leeanu, J.Pli. 
13, 67; Stanek, /. pr. 03, lj8; Leeds, 13. 10, 
290; Kjaflt a. Brunner, B. 17, 2985).•UNO, 
oxidises it to heptoic, oxalic, azelaic, suberic, 
and (8)-piit»lic acids (Arppe, A. 120, 288). 
The products obtained by saponifying castormil 
and distillingitlie resulting alkaline ricinoloatc 
alone or with NaOH arc methyl hexyl ketone, 
sec-octyl alcohol, and sebacic acid (Neison, C. .T. 
27, 507, 837). Cone. TLSO, converts castor oil 
into ricinyl - sulphuric acid C,,lL|,0.()SI 1,i f, 
which by the addition of wrtcr breaks up into I 
ricinolcic acid and H.SO,. Prom the fatty acids 
derived from the Turkey-red oil prepared from 
castor oil, dlystals ofrfi di-oxy-stearie acid sepa- 
rato after some time (Beuedikt a. tJlzor, M. 8, 
217). „ 

CATALPIC ACID C h H,,O s . [2011 >]. Ex¬ 
tracted by ether from decoctions of the siliqua- 
ccous capsule of the Bignunia Cataljxi. It may 
be isomeric with liydrocardenic acid (Sardo, (7. 
14,134). Large white crystals, v. si. sol. water, 
sol. alcohol ami ether. — BaC,,11,-0 1( Gag: white 
glistening lamina).—Ag-A"; a white pp. 

CATALYSIS v. CiikmiSal change. 

CATECHTNS 0 1 „H ll ,0 H 3aq (lllasiwetz; Cross 
a. Bevan, C. J. 41, 92); C, H„O a (Etti, 3L 2, 
647); C.,,1I 2I ,0„ (Liebormanu % Tauclicrt, B. 13, 
694); C, 0 H ,,0,„ and C,.,1* ; ,,0„ (Oautior, C. It. 
8*1, G68). Tin's name has been given to various 
compounds contained in catechu or Terra japo- 
nica which is extracted by boiling viator trom 
the fruits or twigs of a variety of plants : Bom¬ 
bay catechu from the fruit of Arced Catechu , 
Bengal catechu from twigs and unripe pods of 
Acacia (or Minima) Catechu , Garnbir catechu 
from Nauclca (Uncuria ) Qambir, and Nubian 
catechu from sorao Acacia. Catechu is used in 
dyeing. * 

Caceohin C.,,TI, b O r (Gautier, C. R. 85, 752); 
C.Jl.A, 3a<i (C. a. B.); C..,H..„0,5a.| (L. a. T.). 
[217°]. S. (alcohol) 20 at 15“,; »i- (ether) -8 at 
15° (Wackenroder, A. 37, 311). Obtained from 
Bombay catochu by washing with water and 
crystallising from acetic ether (h. a. 1'.; Lowe, 
Fr. 13, 113; Zwengor, A. 37, 320; Neubaucr, A. 
90, 337 Kraut a. Van Leiden, A. 128, 285; 
Hlasfcvetz a. Malin, A. 131, 118; Etti, A. 18G, 
337; Schiltzcnberger, Bl. [2] 4, 5; Saco, # C. li. 
63, 1102). 

Properties. —-Sm^ll noodles (from water). 
V. si. sol. oold water, V. sol. hot Water and 
acetic ether. The aqueous solution is coWgred 
green by Fo/U,,. The solution in KOHAq ab¬ 
sorbs oxygen, turning brownALoad acetatcy»ivcs 
in aqueous solution a pp. of (C 21 H 2 ,,0„).3PbU (?) 
Cateehin solutions are ppd. by albumen, *ut 
not by gelatin. , 

Reactions.— 1. Boiling dilute I1..SO, forms 


OmH^C^O.j? (Cross a. Bevan, C. J.. 41, 92) 
which is turned crimson by Na.SO,. Cateohu- 
tannio aeid does the same.—3. Br gives bromo- 
catechuretin C al H„Br,0,?, a red insoluble powder. 

4. Water and PI, giro C 2 ,1L„0„ an elastic 
insoluble mass. — 5. HOAo and BaO., give 
C„IL„O l0 a colourless powder which melts below 
100° (Schiitzcnberger a. Hack, Bl. 4, 8).— , 
6. Aqueous K a Cr a O, forms C a ,H, 4 0,„, a brown 
insoluble powder.— 7. Potash-fusion gives tphlo- 
rogluJin and protocatochme aeid (HlaSfcvetz, A. 
131, 118).—8. Dry distillation gives pyrocate- 
chin.—9. Boiling dilute 11..SO, form* insoluble 
C,|II 16 0, (Neubaucr, A. 9<L 35G), or C, h H,„ 0„ 
(Etti).—10. foiling dilute Kujjl formsC 2l lI lu O B (?j 
a brown powder, sol. alcohol and alkalis.—11. 
HI gives iodoform and other products (G.). 

Di-acehfl derivative O*.,II,,0,(0Ac).,: 
[131°] ; needles or prisms, (soluble in ordinary 
solvents except water and ligioin (L. a. T.). 

Di-bcn^njl derivative C ,lf ltl 0 7 (OBz) r 
Flooculcnt brown substance (S. a. It.). 

Diace ty l-dichloro-cateehin 
C- 1 II,„Cl.(OAc).0.: [109°]; needles. Sol. al¬ 
cohol, si. sol. ether. 

D idee tyl-bromo-cateehin 
C.,,H„l!r(0Ac).,0 I ; [120°]. Whito needles. Sol. 
alcohol, si. sol. ether. 

Catechuretin C!,,.!!,/),, Caq(?) or CiJL,,0 1a . 
Formed by passing 11C1 into a boiling alcoholic 
solution of cutcchin (Kraut a. Delden, A. 128, 
291). Formed also by heating catnchin with 
cone. HC1 at 170°. Dark reddish-brown in¬ 
soluble powder. Not changed at 190 '. 

*Di-betisnyl derivative C a |H,,Bz a O,(?) 
Formed, to;, tiier with di-benzoyl-catcchin by 
heating cateehin hvith BzCl at 190*. Brown 
mass. 

Cateehin C,„1I.„0, 8 2aq. [205“]. S. 99 at 
60'*. Occurs r/eording to Gautier (C. if. 86, 
668) in Gaiiihii'-catccliu together with the two 
following euteeluns ; -they are extracted by alco¬ 
hol and eryslallis* aft#r evaporation with exclu¬ 
sion of air. Mitnoclinic prisms. • 

Cateehin C,dl„O l(1 aq.*[177°). Minute needles 
(v. supra). • 

Ca^chin C, 0 H,,O„aq. [103°]. S. 5-3 at 50°. 
Minute needles (v. supra). 

Cateehin C (H lI ls 0 4 aq. According to Etti 
{M. 2,547) this is the formula of the cateehin in 
Garnbir andlYgu estechius. At 100“ it becomes 
C„ll ls O«, at 160 * ealecliutannie acid O^Hj.O,, 
and t 180 ’ C,.H The latter is also got 

by heating cajechin for some time with dilute 
H..SO,. , j «• V, • , 

Reactions. -1. DiasdBcilscnc chloride gives 
(C ( HN,.),0 l ,lli,0„a red erystallHie pp sol. alco¬ 
hol and ether; :t dyes wool golden-brown.— 
2. Dilute If SO, (1:8) at 110° gives phloroglucir^ 
and pyroeutc bin. • 

Cateehin G,,H„0, # . flG5’J. In mahogany 
(Acajou) (Gantif, Bl. (2] 30, 5G8). Latour a. 
Cazencu*! (Bk [2] 21, 119) give this cateehin 
the formula CJI.,,0,. 

• Cateehin C,„H 3 /) 16 . [ i.40 J ]. In brown cate¬ 
chu (G.). • 

CATECHOL v. Pviiocati-ciiin. % 

CATECHOIC ACID v. Oatechin and Proto- 
CATECUUIC ACII). 

CATECHTJTANNIC 


ACID f! ai H„0,(?) oi 


rlPALClUJIld. --L, A1V/1UA1U 1A11UHU AA.iWWi - . . • 1 

catechuretin.-2. With IIC1 and KC10 S it gives | C M II a ,0 ls (?) Extracted by water from c|techu. 
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Formed also by heating catechin a 1 one at 130% 
with water at 110°, or by boiling it with alkalia, 
lime, or Pb(OH), (Etti, A. 186, H32; Lowe, J.yr. 
105, 32, 75; Z. [2] 5, 538; Fi. 12, 285). Dark 
reddish-brown powder. V. sol. acetio other, 
v. e. sol. alcohol, insol. ether; m. sol. water. It 
oxidises in the air. It gives fi greyish-green pp. 
with Fe 2 Cl„. It does not pp. tartar-emetfe. Its 
aqueous solution is mid. by gelatin, albumen, 
andetiy dilute H.KO ( ' J At 102° it diianges'to 
C„Il u O,?(?) which resembles catechutanniT'. acid 
in all respects — (C...,lI, a O l ) 1 31 > bO. " 

CATH^RTiC ACID. The active principle 
in senna leaves. It is a glucoside. It contains 
only C, H, and Q, fc Its lia and Pb salts are 
amorphons (Kubly, HI. [2] 7, 350'; Stockman, 
I'h. [3] 15, 749; cf. Lassaigne a. EenouiUe, A. 
Ch. [2] 10, 18', Bourgoin, C. li. 1449). 

CATTLOSTERlfl v. ClIOLRHTElUN. 

CEDAB OIL. Obtained by distilling with 
water the wood of Jynipcrus vinjiviana. Con- 
tains cedreno and eedar-eamphor. According 


articlfe, however, precludes such a treatment of 
the subject as would deal with lesser variations, 
and we shall therefore confine our attention to 
those celluloses which constitute fie fully ela¬ 
borated ptofct fibf&a. Plant tissues seldom if 
ever consist of pure cellulose but contain be¬ 
sides other products of growth, either mechanic¬ 
ally bound up with the tissuo, and therefore 
frequently removable by mechanical •neans and 
by the action of simple solvents, or chemically 
united to the cellulose*; combinations* of this 
latter kind constitute the compound celluloses, 
and are only resolved by a chemical process. 

Preparation .—The isolation of pure cellulose 
depends upon its relative insusceptibility of 
chemical change. The general njcAhod of pre- ( 
paration from raw fibrous materials consists in 
exposing the moist fibre or tissue tp tlio action of 
chlorine gas or bromine-water in the cold and 
subsequently boiling in a dilute alkaline solu¬ 
tion ; repeating this treatment until the alkaline 
solution no longer dissolves anything from the 
to Bertagnini (0. 11. 35, 800) it contains a com-j tissue or fibre. TJic cellulose is then washed 
pound which combines with NallSO*. I with a dilute acid, water,,alcohol, and ether, 

Cedar-camphor C,,,lL ti O. [_74°J. (282°). j and dried. 

V.D. 8 - 4 (calc. 7 - 7). Crystalline mass cmcliing 


Properties. —Obtained,in this way, or by tho 
ordinary process of bleaching from cotton or 
linen (tlax), or in the form of Swedish filter 
paper, the typical cellulose is a white substance 
more or less transparent, 1 retaining the micro¬ 
scopic features of the raw fibre. 

The elementary composition is expressed by 
tho percentage numbers (1A Schulze): 

C 440 4--2 

H 64 0-3 

O 4:1-6 49-5 

or by the corresponding empirical formula 
C,.Il l0 O s . These numbers represent the com¬ 
position of llieWry and ash-free cellulose. 
Nearly all celluloses contain a certain propor¬ 
tion, however small, of mineral constituents* and 
the union of those with the organic portion 
of thp fibte or tissue is of such a nature that 
tho ash left on ignition preserves the form of 
the original. It is only in the growing point of 
certain young shoots that the cellulose tissuo 
is sometimes found freo fromSnincral constitu¬ 
ents (Ilofmeistcr). The proportion of hygrosco- 
to constitute the framework of tho vegetable <l )lc moisture, which is an essential constituent 

1 of cellulose under ordinary atmospheric con¬ 
ditions, varies from 7 to 9 p.c.; the mean variation 
due to variations in the hygrometric state of the 
air is about 1/p.c. 

Cellulose iB insoluble in all simple solvents; 
it is dissolved by certain reagents but only by 
virtue of a preceding constitutional modification. 
The most, remarkable solvent of cellulose is 
cupralnmonia (Schweitzer’s reagent) in which it 
dissolves,without essential modification, v being 
recovered by precipitation in a foiin which is 
chemically identical with tho original (Erdmann, 
J. pr. 7Q, 385), though differing in being amor- 

4Cellulose In ita earlier stage of elaboration has no 
action upon light, but wuh ago it acquire* the property of 
double refraction. T)'is action is independent of the state 
of aggregation of till* cellulose and is therefore an essen¬ 
tial property of the substance Itself (Sachs, Exp. Phyt. d. 
Pjfrtnzen, p. 398). 

■ TheHnorganic constituents of bleached cotton amount 
to 0 - l*0»2 p.C. of its weight. Iu the manufacture of the 
'so-called Swedish paper, the proportion is reduced by 
special treatment of the cellulose with acids. 


like cedar-wood. V. si. sol. water, v. sol. alco¬ 
hol. Distillation with P 2 O s splits it up into 
water and cedreno (Walter, A. Ch. [3] 1, 498). 

CEDBENE C l5 H g |. (237°). S.V. 7*0. S.G. 

-984. Obtained as above (Walter, l.c.). 

Cedrene. From oil of sage (English). C 15 R, 4 . 
(260°). S.G. 15 *915. Yellow or green oil. In¬ 
active. liesinified by HJSOj (4:1) even at 0°. 
Gaseous HC1 turns an*ethercal solution purple. 
The refractive index seems to indicate four C:C 
groups (M. M. 1\ Muir, C. J. 37, 080). 

The name Cedrene has been used as a 
generic name for tho hydrocarbons C l5 H 2 , which 
occur in the oils of cedar, c'oves, patchouli, 
cubebs, calamus, cas^arilla, rosewood, &c. (v. 
Terrenes). Cedrenes closely resemble the ter- 
penes in their optical properties, which point 
to the existence of 1^ pairs cf doubly linked 
carbon atoms (Gladste'Ae, C. J. 49, 017). 

CyDBIBET v. CtKRULIONON. 

CELLULOSE. „{C 0 II I0 O 5 {. *S.G. 1-J5.1*45. 

Occurrence .—Cellulose is the basal substance 
of the skeleton of plants, and indeed may be said 


world. The problem of its origin is as much 
physiological as chemical. It does nqt appear 
to be formed as the immediate product of tho 
synthetical action of the ..cell f upon carbonic 
anhydr/de and water^v.t n*r. 'jiately (fom starch, 
c sugar, and other carbohydrates, through the 
intervention cl the cell protoplasm. The me¬ 
chanism of this transformation, as well as tho 
#r inverso conversion of cellulose into the simpler 
* carbohydrates, has not bee r elucidated, but is 
assumed on physiological grounds to be of the 
simplest character. There i^ nothing in this 
assumption which contravene^ tho evidence 
afforded by the chemical relationships of the 
carbohydrate group, which are likewise simple.* 
Adapting itself to^he infinite variety of 
structure a;.d function presented by plant tis¬ 
sues, cellulose occurs in multitudinous forms : 
and in any given structure is subject to differenti¬ 
ation, modification, or variation of elaboration 
within very wide limits. The scope of this 
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phous. This reagent has been employed in a 
variety of forms, a fact which explains the dis¬ 
crepancies in the statement^ as to the solubili¬ 
ties of the various celluloses in ouprammonia. 
The following methods of aj5|)fying <fl#e reagent 
are to be recommended. 

The substanoe to be operated upon is inti¬ 
mately mixed with copper turnings in a tube 
which is narrowed kelow#and pi^vidod with a 
stopcock. Strong ammonia is poured upon the 
contents*of the tubo amf after standing for some 
minutes is drawn oil and returned to the tune.; 
the operation is several times repeated until the 
solution of the substance is effected. • 

Porhff|)s the most convenient solution, though 
not so effective in all cases as the former, is that 
prepared by dissolving ppd. cupric hydrate in 
ammonia. Iji preparing the reagent in this 
way it is important that the hydrate should ho 
thoroughly washed, preferably out of contact with 
the air, before dissolving in the strong aqueous 
ammonia. Cotton is Rapidly dissolved by this 
solution. The soluble compound formed is re¬ 
presented by Muldv as (C ti H l0 O ; ,) 2 Cu(NH,). J .O. 
It has been doubted whether this compound 
exists actuary dissolved in the viscous solution; 
an investigation of the osmotic properties of 
the liquid, however, shows it to be a true solution 
(Cramer). From an £xtended investigation of 
the optical properties of the solution B6champ 
concludes that the solution of the cellulose is 
not simple but is accompanied by progressive 
molecular transformations, the optical activity 
(dextrorotatory) of tho products increasing to a 
maximum corresponding to a condition of equili¬ 
brium ultimately attained (C. It. 100, 117, 279, 
368). 

The soluble bases (NaOII, K01I) added to tho 
solution give blue gelatinous ppr. having thocom- 
position(C K H,„O s ) 2 CuM"0. <fc>ig<Rted with finely di¬ 
vided lead oxido the solution yields the compound 
C a H 10 O 5 .PbO. Cellulose is reppd., as a gelatinous 
hydrate, on the addition of acids, as .veil as of 
many neutral bodies such as alcohol, luga , and 
common salt, or even on largely diluting with 
water and 1 allowing to stand. The pp. dried in 
vacuo is obtained as a transpaient mass re¬ 
sembling gum-arabic. On digesting the ammo¬ 
nia-cupric solution upon metallic zinc, this 
metal pps. ihe copper, replacing it in the solu-< 
tion and producing the corresponding ainmonia- 
zincio solution of cellulose, which is colourless. 
The property of cellulose of being dissolved by 
cuprammonia receives an important technical 
application. A sheet of paper left for a short 
time in contact with the cuprammonia, so that 
the constituent fibres are superficially attacked, 
and then passod between rollers am? dried, be¬ 
come^ impervious to water and its cohesion is 
not affected at the boiling heat. Tmvo sheets 
thus treated adhere firmly together, and vflth a 
sufficient number, artificia^boards are produced. 
A variety of materials are now produced in this 
way, on tho manufacturing scale, usefuj^for 
roofing and other purports (0. It. A. Wright, 
Journ. Soc. Chem. Ind. 188lW>. 121). # 

Reactions .—Cellulose has already been spoken 
of as a comparatively inert substance, and^ts 
characteristic reactions are consequently few. 
One of these is available for its identification 
and is chiefly used in the microscopical exami¬ 


nations of tissues: this is its reaction with 
iodine. The reaction, although similar to that of 
starch, differs in requiring for its determination 
the presence of an auxiliary (dehydrating) reagent 
such as sulphuricor phosphoric acid orzinoohlor- 
ido. The most effective solution is prepared in the 
following way: ziiTo is dissolved to saturation 
in hydrochloric acid and the solution evaporated . 
to the sp.gr. 2*0; to 90 pts. of this solution are 
adfled 6 pff>. potassium ioaide dissolved in l#pts. 
water-* and in this solution iodine is disfolved to 
saturation. By this reagent cfillulose is coloured 
instantly a deep blue or violet. 9 

Oo.Mi’onNbs of Ckm.ulomv—C ellulose is gene¬ 
rally inactive towards eoinpqpnds contained in 
dilute aqueous solution ; lienee its extensive em¬ 
ployment in tho filtration of solids from solu¬ 
tions. Nevcr^ioloss it exhibits ft tendency to 
incipient combination even with acids and 
alkalis (Mills, C. J. 43, 153); with metallic salts 
it forms commmmls of sufficient stability to cause 
their removal from solution, but the combination 
is of an indefinite and unstable order (Erdmann, 

J. pr. 76, 385). (Cf. Gladstone, J. pr. 56, 217 ; 
Miiller, Fr. 1, 84; O’Shea, C. J. l J roc. 1, 206.) 
Certain carbon compounds, such as tho organic 
astringents, and many of the colouring matters 
natural and artificial, unite with cellulose to 
form compounds of various orders of stability; 
of these wo would more particularly instance 
amongst others many of the derivatives of di¬ 
phenyl which possess a specific power of direct 
combination with cellulose. Although such com¬ 
binations are of great technical importance, being 
theVoundation of the arls*of dyeing and printing 
they are not sullioiently systematised to deserve 
more than this piissing notice. On tho other 
hand some of the substitution-compounds of cel¬ 
lulose with acid radicles are both definite and 
stable. 

Acetyl-ccllulose. -The tri-substituled com¬ 
pound C, II ? (" Ji : ,0 )/) 3 is formed by heating 
cellulose with (>-# tiiftes its weight of acetic 
anhydride at 1 # 0 \ and separate# as a white 
lloeoulent pp. ou diluting tho syrupy product. 
Tri-acctyl-cellulose is insoluble in alcohq} and 
in othfu*, and is soluble in glacial acetic acid. 
It is saponified by boiling with alkaline solutions, 
the cellulose being regenerated. No derivative 
containing more than three acetyl groups has 
been obtained; but a mixture of tho mono- and 
di-acety^cellulose is formed by treating cellulose 
with only twice its weight of acetic anhydride, 
the formation j)f these bodies being unattended 
by their sojjifiou. , . * 

Cellulose nitrates. (I'tpufi/lin} — NitroccUu• 
lose.) —Whenever ct-Pulosc in any«form is brought 
into contact with strong nitric acid at a low 
temperature, a nitro-prodact or nitrate is formed^ 
The extent of thotnfcralion dept aids upon the 
concentration of the acid, upon tho duration of 
its contact with SJte cellulose, and on the state 
of the pfcygicqj division of the cellulose itself 
The first investigation of these substances 
•dates from 1838, when Pel nzo shtfwed the iden¬ 
tity of several of these products obtained from 
paper, linen i^;. ana starch. 4 Knop and 
also Kamarseh and Hceren found that a mix¬ 
ture of sulphuric and nitric acids also formed 
nitrate of cellulose; and still laty (1817) Millon 
and Gaudin employed a mixture of sulphuric 
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■cid and nitrate of potash and soda, which they 
>und to have the same effect. Although gun- 
ottons or pyroxylines are generally spoken of 
s nitro-cclluloses, they are more correctly de- 
cribed as cellulose nitrates, since they have not 
•een found to yield amido- bodies on reduction 
vith nascent hydrogen. The following are the 
:onerai properties of these compounds to (Eder): 

1) When warmed vriifx alkaline solutions, nitrio 
Lci<f\s removed in varying quantities,'^dependent 
ipon tfie strength of the solution erafloyed. 

2) Treatment witn cold concentrated sulphuric 
icid expels almost the whole of the nitric acid. 
(3) On boiling with^ferrous sulphate and hydro¬ 
chloric acid, the ritrogen is expcjled as nitric 
oxide; this reaction is used as a method of 
nitrogen estimation in these bodies. (4) Po¬ 
tassium aulpllydrjite, ferrous acetate, aud many 
other substances, reconvert the nitrates into 
cellulose. 

Several well-characterised nitrates have been 
obtained, but it is a matter of dillieulty to pre¬ 
pare any one in a state of purity and without^ 
admixture of a higher or lower nitrated body. 
The following have been described under a no¬ 
menclature having reference to aC, 2 formula : 

Hexa-nitrate.— C, 2 H,,(N0 3 ) l ,0 4 (guncotton). 
Prepared by treating cotton with a mixture of 
UNO, (N.G. 1-5) 3 parts, and Il,S0 4 (S.G. 1-84) 

1 part, for 24 hours, at a temperature not exceed¬ 
ing 10° ; 100 parts of cellulose yield about 175 
of the compound (calc. 183). Insoluble in alco¬ 
hol, ether, or mixtures of both, and glacial 
acetie acid; with acetone it forms a jelly and is 
slowly dissolved. It i£ the most explosive ofthe 
cieries igniting at 100°-170°. Mixtures of sul¬ 
phuric acid and nitre do ntt give this nitrate 
(Eder). Ordinary gun-cotton may contain as 
much as 12 p.c. of nitrates soluble in ether- 
alcohol ; the hexa-nitrato seems to bo the only 
one quite insoluble in,this menstruum. 

Pcnta-nitrate.— C,. J H.J(NO a ) 5 0.,. This com¬ 
position has been very* commonly ascribed to j 
gun-cotton.* It is impossible to prepare it in a 
state of purity by th^direct action of the acid 
on cellulose. It is prepared by dissolving the 
hexa-nitrate in nitric acid at 80°-90°, cyoling to 
0°, and adding concentrated sulphuric acid, by j 
which the ponta-nitratc is precipitated ; after j 
mixing with a large volume of water and wash-M 
ing the precipitate with water and alcohol, it is 
dissolved in ether-alcohol and finally re-pre¬ 
cipitated by water. This nitrate is slightly 
soluble in acetic acid, nearly insoluble in alco¬ 
hol containing proportion of ether. 

' Strong potash solution converts it into the di¬ 
nitrate. ' 

Tctra - and tri - nitrates (collodion pyroxylinc) 
-are generally formed together when cellulose is 
treated with a more dilute tt.nd at a higher tem¬ 
perature and for a shorter time than in the case 
of the hexa-nitrate, e.g. 4 nols. HNO, (1*88), 

6 vols. HgS0 4 (1*84) at G5°-70* tor 6 10 minutes. 
They are freely and equally soluble in ether- 
alcohol, acetic etheryand mixtures of acetic acr.l 
and wood spirit, or a)4ihoI, and are therefore 
inseparable/ 0 They are insoluble in pure alcohol, 
ether, or acetic acid. On treatment with con¬ 
centrated nitric and sulphuric acids they are 
converted into the higher nitrates. Potash and 
ammpnia convert them into the dinitrate. 


2>£tttlrafeO, 3 H lt (NO s ) 3 Ogi8 formed as already 
indicated, and also by the action of hot dilute 
nitrio acid on cellulose. Freely solublb in ether- 
alcohol, acetic ether, acetic acidf»wood spirit, 
acetone, ttod abS&iute alcohol. The -further 
action of alkalis on the dinitrate results in a 
complete resolution of the molecule. 

The cellulose nitrates have generally much 
stronger absawtion-atfinities for colouring mat¬ 
ters than the celluloses. They are much 
less susceptible of attack by acid ’oxidants 
than cellulose itself, and are therefore used in 
the filtration of ^elutions containing e.g. chro¬ 
mic adal, permanganates, and, of course, nitric 
acid of any degree of concentration. >htric acid 
of S.G. 1*42 lias a remarkable toughening ac¬ 
tion upon filter paper; the modification is effec¬ 
ted by simple immersion, and .the paper so 
treated is increased in strength tenfold, under¬ 
going at the same lime a contraction amounting, 
in circles, about ^ diameter. The cellulose 
so treated contains no'VuUrogen (Francis, C. J. 
47, 183). 

Cellulose and sulphuric acid.—Cellulose is 
disintegrated and dissolved by the concentrated 
acid to a colourless solution. The products are 
sulphates of a series of compounds of which the 
celluloses and the doxtrins may bo regarded as 
the extreme terms. They are easily isolated in 
the form of Ba salts. The composition of the 
sulphates may be expressed by the general for¬ 
mula 0 (! „lI llln 0 5n ..,(H0 4 ) J .. The variations in 
composition and in physical properties are func¬ 
tions of the temperature (5° 33*) and duration 
of the action. The limits of specific rotation 
of those sulphates ate [ajj — - 3*65 and + 72*99. 
These ethereal salts are entirely decomposed 
by boiling with alcohol: the resulting carbo¬ 
hydrates may b<j regarded as the corresponding 
alcohols. In composition and properties (e.g. 
their reactions with iodine) they constitute /in 
extended series, beginning with soluble cellu¬ 
loses and^lennmating in achrodextirn (Hdniga. 
Sch/hurt, Id. 7, 455). While it is impossible to 
determine the mechanism of these successive 
resolutions of the cellulose molecule with the 
precision attainable whero suph changes may be 
reversed, and therefore completely studied, they 
certainly establish the typical connection of the 
celluloses with the simpler carbohydrates, and 
in a much more complete way than the coinci¬ 
dence of empirical formulte. 

Prior to Uie researches above detailed the 
initial terms of the transition series had been 
similarly obtained and described under the terra 
Amyloid, a term selected to indicate their resem¬ 
blance to starch. 

A. practical application of the reaction of 
cellulose with sulphuric acid is fofind, jn the 
manufacture of parchment paper. .The process 
consists in the rapid passage of the paper 
through the strong, acid (S.G. 1*5-1*6) • followed 
by copious washing. Tnc result may be de- 
sc^i^ed as a superficial conversion of the cellulose 
into amyloid, wherefty it acquires the properties 
which have obta^ied for it the designation in 
question (cf. Hofmann, A. 112, 243). 

Cellulose and chlorine.—Dry chlorine has 
no actiftn upon cellulose; the presence of water 
determines an 1 indirect oxidising action, but 
there is no direct combination of cellulose with 
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chlorine. By heating cellulose nitrates with phos¬ 
phoric pentaohloride and oxychloride at 200° 
and evaporating the excess tot the reagents at 
170°, a viscous liquid is left, miscible with al¬ 
cohol and ether, which appnaw to ^composed 
of, or to contain, a chloride of cellulose or a 
cellulose derivative (Baoyer, B. 2, 54). Bromine 
is without action upon cellulose : specimens left 
for several^nonths jp contact wiUi strong bro¬ 
mine-water were not sensibly attacked (H. Muller, 
Pflanzenfaser , p. 27 ; cf. Franchimont, B. T. C. 
2, 91). 

Cellulose and Oxygen. Oxycelluloscs. —Two 
of these compounds or series (ft compounds have 
been described. 

(a)-Oxy cellulose (Witz, Bull. Boucn, 10,410; 
11, 189) is foftned by the action of solutions of 
the hypochlorites upon cellulose. Exposed to #ho 
action of a softition of bleaching powder (5 p.c.) 
for 24 hours, tlio fibre is converted into a friable 
modification having the composition C 43*0, 
H 6-2, 0 50 8. Other # cvc.idising agents produce 
similar results; even by exposure to air and 
light cellulose is ^lowly converted into these 
oxidised derivatives. Tltpir formation is accom¬ 
panied by molecular resolution, as is shown by 
their reducing action ftpon alkaline copper solu¬ 
tions: the product giving this reaction is dis¬ 
solved by alkalis to ^yellow solution. These 
oxycelluloscs have a strong attraction for basic 
colouring matters: also for vanadium com¬ 
pounds, attracting these from a solution con¬ 
taining so minute a quantity as 1 pt. in 
1,000,000,000.* Upon this property ft method 
has been founded for the quantitative estimation 
of minute traces of variUdium in aqueous solution 
(Witz a. Osmond, Bull. Bourn, 14, 30). The 
study of these oxycelluloscs is of great import¬ 
ance to the manufacturer of t,e .tile materials. 

(&)-Ox y cellulose C IH II..J) ln *1Cross a. li^van, 
C f J. 43, 22) is the residual product (insoluble) 
of the prolonged digestion of cellulose with nitric 
acid (20-3^p.c.) at 90° C. On washing with 
water to remove the acid the substlfhee .-gela¬ 
tinises. It dries'to a horny colourless mass. It 
is characterised by jits reaction with sulphuric 
acid: on gently warming it dissolves with develop¬ 
ment of a bright pink colour, the reaction re¬ 
sembling that o£ mucic acid, to which, on other 
grounds, it^is probably related,, A fresh pre¬ 
paration, treated with a mixture of nitric and 
sulphuric acids, dissolves, and on pouring into 
water the nitrate G 1 gH 2s (N0 3 ) 3 0,. separates as 
a white flocciilent pp. ■ 

Chromic acid. —Cellulose treated with potas¬ 
sium dichromate in presence of acetic acid is 
converted into glucose, dextrin, and formic acid. 
Permanganates under the same condition effect 
a similar decomposition. 

Chromic anhydride in presence of eulphuric 
acid decomj&ses cellulose rapidly and completely, 
the carbon being entirely converted into the 
gaseous compounds (JO ana C0 2 . It has been 
proposed to apply this to the quantitative esti¬ 
mation of carbon in cellWoses and celloiosie 
mixtures (Cross a. Bevan, C. 52, 207). * 

Alkaline oxidations. — The permanganates 
and hypochlorites in presence of alkalis oxidise 
cellulose to a syrupy mixture of acide^of the 
peotio series (H. Miiller, Pflanzcnfaserjv. also 
S. O. I. 8, 206, 291). Fused With potassium 


hydrate the cellulose is oxidised to oxalic acid, 
malic acid being obtained as an intermediate 
product. 

Electrolytic oxidants. —The nascent oxygen 
and other electronegative ions liberated in tho 
electrolysis of various saline solutions have a very 
powerful action lityon cellulose. These actions 
have tarn mado the subject of interesting ro . 
searches byF. Goppelsroeder ( D. P. J. 254, 42). 

• Cellul*8e and Hydropic Agents. 

(1^ Dilute acids. A large number acids, 
ofgamc ns well as mineral,* attack cellulose, 
producing hydration changes, atten^d by dis¬ 
integration of the fibre. Tho action is gradual 
at ordinary temperatures, imd is of course ac- 
celerated by*applying heat.* Thu study of these 
actions is of the first importance to the cellulose 
technologist (Girard, C. It. 81, W05; Cross a. 
Bevan, S. C. I. 1885; Grooves, Handbook of 
Dyeing and Calico-printing, p. 19). 

It is worthy of note liei^e that the celluloso 
isolated fronr grass and hay, and many others 
less highly elaborated than tho celluloses which 
•we are at present considering (cotton and linen), 
are decomposed on boiling with dilute mineral 
acids wi£li formation of furfural. 

(2) Alkalis. —Dilute solutions of tho alkalis 
arc without sensible action upon cellulose, even 
at temperatures considerably above the boiling 
point: when, however, oxidising conditions are 
superadded, molecular resolution sets in. Tho 
joint action of calcium hydrate and air at the 
boiling temperature is especially powerful, oxy- 
celluloso being produced (Witz, lor. cit.). Con¬ 
centrated solutions of tlnf alkalis (NaOlI, KOII) 
at ordinary temperatures act in a very remark¬ 
able way upon cellulose. There appears to be a 
‘ molecular ’ combination of the reagents in tho 
proportion C,JL ( ,O lll :Nn..O (Mercer) which how¬ 
ever is easily resolved by washing with water. 
But the characteristics of the fibre and the fibre 
substance are found ‘«o htwo undergone a per¬ 
manent modification *There is a considerable 
shrinkage in linear dimensions: in ctotton fabrics 
treated with caustic sodaigolution of B.G. 1*225 
this amounts to 25 p.c. Tho corresponding 
modifications in microscopic features have 
been investigated by Crum (C. J. 1863), the 
changes being found similar to those which 
i > take place in the ripening of the fibre in the 
plant, viz. from a flattened tube with large cen¬ 
tral eavjjy, to a thick-walled cylinder with 
small lumen. The chemical change produced 
is, o far as Iijls b«en ascertained, entirely one 
of hydration, and rqj^arkaJ»je that tjje only 
evidence or the effange is me increased capa- ** 
city for hygroscopic moisture. Tfcist amounts to 
5 p.c. of the weight of the cotton,the proportion 
calculated for the formula C,JI._„O l0 .li 2 O being^ 
5*5 p.c. From tliisrfatt we may also infer that 
the normal attraction of cellulose for atmo¬ 
spheric moisture is a residual manifestation of 
the moleudar combinations which are seen in 
the multitudinous hydrates of cellulose found 
na, or constituting, growing tissues. Mercer, 
who appears to have ‘first investigated these 
phenomena, further found that thc| addition of 
hydrated oxide of* zinc very mucli increased the 
action of the caustic solution: thus a solution 
of sodium hydrate of S.G. 1*100, 'jhicli is with¬ 
out marked action, is rendered very actije by 
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the addition of the oxide in the proportion 
ZnO:2Na.jO. Ho also found that the actions 
wore favoured by low temperatures ( v . Life of 
John Mercer by E. A. Parnell, London, 188(5). 

By these characteristics the hydration phe¬ 
nomena in question are seen to be closely 
related to those attending the action of the 
Schwe,itzer reagent (supra). The more jtowerful 
action of the latter we must refer either to the 
specific action of the * ammonia upoif* the edn- 
densed fddchydic molecules of which cellulose 
appears to be constituted, or to the particular 
relationship of the molecular weight of the 
cuprammonia in solution to that of the cellu¬ 
lose or cellulose hydrate which it forms. 

The action of concentrated solutions of zinc 
chloride is similar to that of the alkaline hy¬ 
drates above hydrates. It is remarkable on the 
other hand that f a saturated solution of zinc 
nitrate is without action (Mercer). 

(B) Water .—Headed in contact, with water, 
cellulose is attacked at 1(50°, but not below 150° 
(Scheurer a. Grosseteste, Bull. Mttlhousc, 1883, 
02-85). Heated at 200° in contact with water 
in sealed glass tubes it is fundamentally re¬ 
solved, being converted into highly-coloured 
products, insoluble for the most part, with a 
small proportion of soluble derivatives amongst 
which are furfural and pyrocatechol (Hoppe- 
Seyler, B. 4,15). 

(4) Ferments .—There are, it can scarcely be 
doubted, endless transformations of cellulose 
determined by the so-called soluble ferments, 
though but few have been investigated. The 
soluble ferment of the foxglove is stated to con¬ 
vert cellulose into glucose and dextrin (Kos- 
mann, Bl. [2] 27, 210). Thedluid from the ver¬ 
miform appendix of the rabbit has also been 
found to digest cellulose with liberation of marsh 
gas and formation of a soluble compound which 
reduces cupric oxide in alkaline solution. 

Proximate SyntheSes of Cellulose.—Trans¬ 
formations of the soluble#carbohydrates into cel¬ 
lulose, whicf’i we may regard * 0,8 a proximate 
synthesis of this body^are, as already stated, an 
impo^.ant feature in the life of plants. Tho 
mechanism of these chauges lias been thus far 
but slightly studied, and they are of a kind to 
elude chemical investigation. Of thoso which 
have been studied wo may notice (a) There is a 
changesetup ‘spontaneously’ in beet juice which 
rcsultsin the formation of a hard white substance, 
having the properties of cellulose. On trans¬ 
ferring these lumps to a solution of pure cane 
sugar, 9 further transfojpiaUon of'the saccharose 
'into the same 8 iYu.st.uice is hi ought'about. At 
the same time*-here is produced a gummy sub¬ 
stance which is ppd. by alcohol as a white caou¬ 
tchouc-like substance of the same composition 
as cellulose but swelling u*p \yth water and other¬ 
wise differing in its physical properties from 
cellulose. This latter derivative is also formed 
by the action of diastase upoip a sqjution of 
saccharose. A similar transformation takes place 
under the irfduenco#of certain fatty seeds, e.gn 
those of rape and colza.,*and it is probable that 
the formation of cellulose from saccharose in 
the plant takes place under’the influence of 
ferments similar to those above described (Durin, 
C. B. 82, 1108}. 

(b) More recently A. Brown haB investigated 


the fdrmation of cellulose by the ‘ vinegar-plant,* 
growing in solutions of the carbohydrates, e.g. 
dextrose in yeast-w&ter. The cells elaborate an 
extra-cellular film, which acts as a© cell-collect¬ 
ing modiuiAj’ and*tfecy possess, therefore, a two 
sided activity, i.e. the property above mentioned, 
in addition to their strictly fermentative activity. 
The cellulosic film in question was found to 
contain 50-6(^p.c. pvo cqjlulose. iX is note¬ 
worthy that in a solution of levulosethe growth 
of the ‘plant’ is unattended by ferm®ntative 
action, 33 p.c. of the substance being on tho 
other hand transformed into cellulose ( O . «T. 
48,43a',. c 

t; 

Other Forms of Cellulose. 

We cannot attempt to enumerate the multi¬ 
tudinous varieties of cellulose which the plant 
world presents. Some of these, &hon isolated 
in the pure state, resemble the typical cellulose 
above described, e.g. the cellulose of hemp and 
rhea. Others, especially ^y.ck as require a drastic 
process of resolution, e.g. the cellulose isolated 
from jute and wood by the tjhlorination method 
(infra), resemble rather the (a)-oxycelluloses. 
Tims jute cellulose (3C s H, ( ,0 5 .Hp) reduces 
cupric oxide in alkaline solution, and is much 
moro susceptible of degradation by hydrolytic 
reagents than those of tlta cotton type. Cellu- 
lose from pinewood is similar in composition 
and properties. 

Cellulose from esparto and straw, isolated by 
treatment of tho plant substance with alkaline 
solutions boiling under pressua) —which are 
amongst the most important of tlie staple ma¬ 
terials of the paper-n&akcT — are distinguished 
by their reaction with aniline salts,being coloured 
a deep pink on boiling with solutions of these 
compounds. Many of tho celluloses are decom¬ 
posed on boiling \lith$ilute acids with formation 
of furfural and formic acid: hay cellulose yields 
under certain conditions a volatile erystallino 
body, which appears to be a furfura^derivative, 
but instill*under investigation. 

It may lie mentioned here that the term cellu¬ 
lose is applied by plant physiologists and agri¬ 
cultural chemists to substance^, which would not 
come under tho definition, upon which this 
article is based, of cellulose as tho (white) in¬ 
soluble residue which survives the ^exhaustive 
treatment of plant substances alternately with 
chlorine, bromine, or oxidising agents, and boil¬ 
ing alkaline solutions. 

Animal cefiulose.—The mantles of the Pyro- 
pomidffl, Salpidie, and Pliallusia mammilaris, 
freed from chondrigen by boiling in a Papin’s 
digester and further purified by prolonged boiling 
with potash solution, yields a residual substance 
which not only has the ultimate com^osi^on of 
cellulose, but lias identical properties, e.g. dis¬ 
solved in cuprammonia, is converted by nitric 
acid into an explosive nitrate soluble in ether 
(Schiifer f A. 160, 312). According to Virchow 
cellulose is found in degenerated human spleen 
and' in certain part* of the brain (C. B. 87 , 
492J360). p 

Compound Celluloses. 

Plan 6 tissuoB, always containing a propor¬ 
tion of* cellulose more or less large, frequently con¬ 
tain other constituents so intimately united ta 
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cne«ellulo 80 as to mask its reactions/ From ^he 
circumstances of their occurrence and formation 
it is not be expected that the line can be 
sharply drawi# between mixtures and combina¬ 
tions of cellulose with non-celtoiose constituents 
of either fibres or tissues. Fr6my (Ann. Agro- 
nomiques t 9, 529) recognises the existence of the 
following compounds distinguished from cellu¬ 
lose chiefly ly their di^ereni behav^ur to hydro¬ 
lytic reagents and cuprammonia; (1) Fibrose , 
constituting the membranes of wood cells; 
(2) Paracellulosc , constituting the membrane of 
the pith and medullary rays, and (3) Vasculose 
constituting the membranes* of the vessels. 
The valu® of this somewhat arbitrary classi¬ 
fication is Questionable (Saclisso, Farbstojfe , 
Kohlehydrate,% c., p. 150), and the distinctions 
which it seeks to establish have not been gene¬ 
rally recognised. On the other hand, there are 
certain groups of substances widely distributed 
throughout the plant world, which, jvhilo they 
have certain features ipocommon with the cel¬ 
luloses, are sufficiently distincj to admit of che¬ 
mical classification apart from them. Generally 
speaking,* these substanqes arc made up of a 
cellulose and>a non-cellulose portion, the latter 
conferring the spccia 1 ^features of distinction. 
The compound cellulose thus constituted is re¬ 
solved, by treatment 457th reagents according 
to the methods to be described, into cellulose or 
a cellulose residue on the one hand, and soluble 
derivatives of the non-cellulose on the other. Of 
these groups we shall consider typical members. 

Tho followi^ are the compound celluloses 
sufficiently characterised to warrant special de¬ 
scription under class nh’mes : the nomenclature 
of these compounds is explained by their cha¬ 
racteristic resolutions. 

Pectoccllulgsctf* 

Resolved by hydrolysis (alkalis) 
into 

Pectic acid and cellulose. # t. 
Type : Itaw flax 

(Kolb, Bull. Mulh. 18()8, A. Ch. [4] 14,3-18). 
iltgnocelluloscs 
Resolved by chlorination 
« into 

/ \ 

Chlorinated derive.: \ 

Aromatic l and cellulose. 

Soluble in alkalis i 
Type: Jute 

(Cross a. Revan, C. J. 41, 90). 

Adipocclluloses » _ 

;i * Resolved by oxidation 

/j (Nitric acid) * , 

into 

* /. \> 

Similar derivs.: \ 
as by tho oxidation [ and cellulose. 
of the fats. >* 

Type : Cuticular tissue of ldivcs and fruit'i 
(Fr6my, C. R. 48, 667; Sachsse, Farbstoffe , Arc.). 

PectocelluloseB.—The purified bast ofja llut- 
si&n flax investigated by Kolb was foufld to have 
the aggregate composition: • 


. C 43*7 

. H 5-9 
0 50*4. 

The non-cellulose constituent is therefore a 
substance of lower carbon perccntago than cellu¬ 
lose. From its yhilding pectic acid on boiling 
with alkalis, it is obviously a substance allied to 
pectin. Since the fibre yields about 20 j£o. of 
its weight #f tho acid derivative we infer hj(le- 
pendently that it is a substance confining 
approximately 41 p.c. carbon* which confirms 
tho view of its constitution above expressed. 
Man/fcther plant fibres are made up d! or con¬ 
tain pectocelluloses (Webst<*, C. J. 43, 23); 
pectic derivatives were identified by Schunck in 
tho products of the action of boiling alkaline 
solutions upon*raw cotton (Proc. % Manchester 
Lit. Phil. [3] vol. iv ). • 

The cellular tissue of a large number of 
fruits, c.g. } tho apple and pear, and roots, c.g., 
turnips and eOlrots, is composed of peoto-ccllu- 
loses. 

• Lignocelluloses.—Tho course of bonification 
in plants is marked by profound alterations in 
the pliys^al properties of the tissues undergoing 
this modification ; the tissues lose their elas¬ 
ticity, become coloured from grey to brown, and 
the substance of tho tissues manifests the 
clmmical properties about to he described. 

Jute .--Aggregate percentage composition: 
C. 47 0-48*0, H. 5*9-5*7, 0.47*1 40*3 (C,,M 18 0 t ,)«- 
It may be regarded as composed of 
Non-cellulose(L:gnin)G, H H ai O,„(55*5p.c.C)25 p.c. 

I and Cellulose C, H U a ^O ls (44-4 „ ) 75 „ 
though tho cellulose isolated from the fibre by 
chemical resolution differs in composition as 
already stated from normal cellulose, appearing 
rather as an oxycellulose. The mineral con¬ 
stituents of the raw fibre (purified) vary from 
0*5 to 2 p.c. of its weight; the hygroscopic 
moisture from 10 12. Attacked by concentrated 
solutions of the «*lkali*? similarly to cotton; 
freely soluble in •cuprammonia, bu 4 # is incom¬ 
pletely precipitated on acidifying; tho body re¬ 
maining in solution gives the reactions of the 
original substance, and may, therefore, be re¬ 
garded 8b a hydrated modification. Jute com¬ 
bines freely with the organic astringents (tan- 
mins) and the majority of aromatic colouring 
masters. It is coloured a bright yellow by 
solutions qf salts of aniline and other aromatic 
bases. Tnis reaction is probably due to*a pro¬ 
duct of oxidation, syic. it does not tako place 
with jute which h'*j bepn boiled for some 
lime In sohftiouo #F julpir.t&r' It is coloured 
brown by iodii e soluti''* .<• Moistened with a 
solution of phi or glue. • and treated afterwards 
with hydrochloric acid it gives a deep red 
colouration; witi nyr.ol also in presence of 
hydrochloric aod it- gives a deep carmine 
colour. A mixture of sulphuric and nitric acids 
nitrates t%3 fibrj.Ahc g in in weight being ap¬ 
proximately equal to that of cellulose under tho 
SMTie conditions. The products lire orange- 
coloured and are solubl.^in acetone. Like the 
cellulose nitrates, they gift: no amidc^derivatives 
on reduction. Iodine is absorbed by the fibre, 
the quantity taken up being constant under 
constant conditions; tho resulting compound is 
not more stable than the iodide of starch. JThis 
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reaction may be made use of for the quantita¬ 
tive estimation of the lignooelluloses in cellulosio 
mixtures. Bromine attacks the fibre in presence 
of water, forming ill-defined compounds which 
are dissolved by alkaline solutions. The opera¬ 
tion once or twice repoated eliminates the whole 
of the non-cellulose; the resulting cellulose 
amounts to 72-75 p.c. of the weight of t^ie fibre. 
Chlorine docs not act upon the dry fibre, even 
whqn the temperatuzt is raised to 160°, but* in 
present of water combines rapidly at o 
temperatures with evolution of heat, 
chlorinated derivative is yellow coloured; 
it is soluolo in alcohol, and from the solution 
water precipitates ftie compound C,„H, h C 1 4 O d , as 
a yellow floccnlcnt mass. This compound gives 
a characteristic magenta colouration with sodium 
sulphite solution similar to that%.f mairogallol 1 
(Webster, C. J. 4*5, 205). It dissolves in solu¬ 
tions of the caustic alkalis with a brown colour, 
evolving the characteristic odour of the chloro- 
quinones. It yields* cliloropiorin Cn distillation 
with nitric acid. Fused with potassium hydrate 
it yields protocatcchuic aoid. It is therefore® 
an aromatic derivative, and appears to bo allied 
to the trihydric phenols. The chlorinated fibre 
when boiled with sodium sulphite solution is 
entirely resolved into cellulose, and soluble deri¬ 
vatives of the non-celluloso or lignin constituent. 
This constitutes the simplest and most rap'd 
method of cellulose estimation in the fibre. The 
proportion of cellulose obtained is somewhat 
higher than by the bromine method (75-78 p.c.) 
and is further increased by preventing rise of 
temperature in ttie chlorination. % 

^Digested with dilute nitric acid at 80° jute 
is resolved directly into cellulose (oxycellulose) 
oxalic and carbonic acids and a peculiar acid 
derivative of the lignin constituent. This 
body has the formula G._,JI lo (NO.; it is of an 
intense yellow colour, and dyes the animal fibres 
to a similar shade. • It .forms salts with the 
earthy bases (C 2i n., 2 (N0*)0., :t .}r' 4 ) which are pre¬ 
cipitated bjfcalcohol from aqueous solutions in 
the form of bright yejjow flocks." 

Hydrolytic agents .—Jute and the lignocel- 
lulosCs generally are much more susceptible of 
hydrolysis limn the simple cellulose®; The 
dilute acids effect a simplo hydrolysis at 80°, 
i.c. the portion dissolved has the same compost-,, 
tion and properties as the original; on raising 
the temperature to boiling, furfural is obtained 
in considerable quantity. Boiling dilute alkalis 
effect a simple hydrolysis. When the hydrolysis 
is complicated by the intrqpuctiftn of cither re¬ 
ft ducing or oxidiif.^'oonditi^LrS, resolution into 
cellulose and ^ion-cellulose (soluble derivatives) 
is determined. Thus sulphurous acid, the 
bisulphites, and the normal sulphites (alkaline) 
attack and resolve tha> ljgnocelluloses when 
heated with their solutions under pressure. The 
temperatures necessary for efficient resolution, 

* According to Hantzsch a. Schnftcr (ft 20, 2033), 
mairogallol is a species of condensed quinonc chloride— 
the characteristic molecule being derived from quiuo«e 
by replacement of one of it& typical O atoms by Cl a , tho 
aromatic linking being atfthc sumo time partially re¬ 
solved. Sucli/a view accords equally well with the pro¬ 
perties of the derivative in question.* 

* It is worthy of note that the addKion of urea to the 
dilute acid considerably modifies its notion, which becomes 
one of simple hwlrolysis as in tho case of sulphuric and 
h„\ droehorio acids (i?/ra). 
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i.e. for the isolation of cellulose, are with qpl- 
phurous acid (7:6p.o. SO,) 90°-100°, with bisul¬ 
phites (4 p.o. SO,) *150°, with normal, sulphite* 
(4 p.o. S0,)170°-180°, the increase qj temperature 
oorreBpoi^ng witffcthe diminution of hydrolytio 
power by progressive neutralisation of the aoid. 
The hydrolysis is aided by combination of the 
reagents with the soluble derivatives, which pre¬ 
vents the reversal o£ the action |t the high 
temperature, Vhich would otherwise occur. In 
heating with solutionstof the caustig alkalis, 
under pressure, a high temperature is necessary 
for complete resolution; a considerable propor- 
tion of the reagAt is necessary for combining 
with the products, which under theoxidising 
conditions are of an acid nature. .(These facts 
are of importance in the preparation of cellulose 
frsm lignocelluloses, which is now a widely ex¬ 
tended industry (Forestry ExhitKtion Reports,. 
Edinburgh, 1885). 

Animal Digestion. —It has long been known 
that the urifie of the hepbivora contains hippurio- 
acid as a normal constifuent, and it has been 
shown that the ‘oerizoyl radicle necessary to 
form this body is a prqduot of the digestion of 
lignoeellulose (Meissner). Since tlvp lignoeellu- 
lose molecule contains nil aromatic compounds 
in the strict sense of the term (Slutzer, B. 8,075) 
the process of digestion, must effect the con¬ 
version. 

Decomposition by Heat.—Cumulative Reso¬ 
lution. The celluloses burn in tho air with a 
quielluminous flame. When heated out of contact, 
with the air they are completely resolved into 
gaseous and volatile products orf the one hand, 
and a residual l)lacli.m»is, containing a high 
percentage of carbon. Itegarding theso car¬ 
bonaceous substances as tho products of con. 
densationof cellulose molecules with elimination, 
of water, the profess may bo viewed a3,'in the 
main, one of cumulative resolution by dehy¬ 
dration (Mills, I J . M., June, 1877); the cumu¬ 
late containing hydrogen and oxygon in chemical 
uiiiopj wiSi carbon is still in every *nse a com¬ 
pound ; taking into consideration, at tho same 
time, its approximation in appearance and pro¬ 
perties to the element itself it may be termed 
a psemlo-carbun.' Dehydrating reagents effect 
similar resolutions, the lignocelluloses under¬ 
going condensation more readily than the cellu¬ 
loses. The tendency to carbon accumulation 
which is the main feature of these resolutions 
is well marked in the vast series of natural 
products of Mho decay of cellulosic tissues, from 
humus to the coals. Though not of pyrogenio 
origin they nevertheless deserve mention in this 
connection from considerations of general re¬ 
semblance. 

It* is noteworthy that the productr. of chlori¬ 
nating uljnic substances (Sestini, Gas. Tt\] 1882, 
292) are closely similar to those o&ained from 
the lignocelluloses. Similar product^, are also 
yielded by tho caned 1 coals. 

Other forms of Lignoeellulose. Two other 
vaVftties of lignoccljulose deserve mention, viz. 
glycolignose, 0 m ¥ M O„, the substance of fir 
woods ‘ glycodrupose,’ C 10 H„O„, the substance 
of the stony concretion of pears (Erdmann, 
jt[ 188r 1; Suppl. 6, 223; Bente, B. 8, 476 ; 
J3achsse, Farbstoffc, 151). On boiling with dilute 
Phil. Uag, 1882, SS5. 
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hyckochlorio acid these compounds arc said to 
be resolved into a sugar and an insoluble residue, 
ligno8e=OJ, H*Au and drupese » re¬ 

spectively. #n comparing these foraaulzeVith 
those of the original substances, the differences 
are so slight as to be negligible.^ The action of 
the acid is probably therefore one of simple 
hydrolysis. ’ The reactions of these substances 
are also in ether res£ects#identi«*l with those 
of the jute substance. Although therefore dif¬ 
fering frofn the ligno-cellulose, above described, 
in ultimate composition, they are essentially of 
the same order of compounds. * 

Crude Jibre. This term is applied agri¬ 
cultural cncmists to the residual product of llio 
treatment of iojjder plants with boiling solutions 
of certain acids and alkalis, applied successively. 
The process is 4. crude imitation of the process 
of digestion in the animal, and the results which 
it yields arc of purely empirical value. Crude 
fibre will be found on examination, in most 
cases, to be a ligno-cclfcifose and to be further 
resolved by clilorino in the manner indicated. 

Adipoc£LTjT)loses. {Jorkand Guticular Tissue. 
From the mode of foripatfbn of these tissues it 
has been coifbluded, ory physiological grounds, 
as in the case of the lignocollulosrs, that they 
are modified celluloses jSachsse, Farbstojfi *, Ac. 
p. 153). The ultimate composition of cork is 
represented by the following percentage num¬ 
bers; C 65*7, II 8*3, N 1-5, O 24-5. Unlike the 
lignocellulosos, ^jpwever, it is by no means a 
simple or homogeneous substance, but is re¬ 
solved by tho ration of mere solvents into a 
number of proximate constituents, some of j 
which arc crystalline. Tfto residue from tlie ; 
action of those solvents may be regarded as i 
the true cork substance, it is resolved by j 
the action of boiling nitric n^id (20-30 p.c.) j 
into cellulose on tho one ftaud —only a "mall ; 
proportion (3-5 p.c.), however, surviving ^o j 
severe a treatment- and a series of fatty acids 
(or products their decomposition) j?uch as 
suberic and adipic acids, on the other; the lazier 
amouut to about 40 p.c. of tho weight of sub¬ 
stance treated. If cork be resolved by treatment 
with sodium sulphite solution, at 100° a soft 
mass is obtained preserving tho structural 
features of tho original, but which on slight 
pressure brer|(s down into a cellular mass. On 
slight purification this yields a pure cellulose; 
the proportion obtained being from 9 to 12 p c. 
of the original cork. From these^rcsolutions 
into celluloso, and products of decomposition : 
similar to those obtained from the fats andftraxes j 
under similar treatment, the substarico of cork i 
has come to bo regarded as a compound of such 
molecules ; and this view of its eonstitiftioik, as 
well as t^at (ft the entire group of substances simi¬ 
lar in composition ami function, is summed ujy n 
the group term Adipocollulose, by which it is 
proposed 4o designate # tliei%. The cutioular 
tissues, such as constitute the covering of ileshy ! 
fruits and leaves, while similar irimany respools* j 
are simpler in composition. When purified tiiey ■ 
are non-nitrogenous and appeal to bo homo¬ 
geneous. 

Fr6my and Urbain have developed (£. Rm 
100, 19) a somewhat different view of the.con- 
ititutionof these tissues. Taking tje protective 
tissues of th<f leaf of the agave as the type, in j 

Von, I. 


’•addition to an interior epidermal layer, whioh 
is cellulosic, and is soluble in cuprammonia 
after treatment with boiling hydrochloric acid, 
they distinguish the external or true epidormis, 
which they term Cutosc. The substance com¬ 
posing this tissue fyis the following properties; 
it is resolved by alkaline saponification into two 
fatty acifts, oleocutic C.. H II 40 O w a liquid oily ftody, 
| audj, stearofutic C.j S II, s O„ §, solid body mel^jng 
j at 76°, solubio in benzene and glacial acetic 
! ac\p, a*!d slightly soluble in boiling alconol, the 
j solution gelatinising on cooling. The following 
| numbers give the percentage composition of the 
: original cutose anti of the l\vi#derivalives. 



Cutose 

mOlcotufic avid • Stearocutic acid 

0 

08-4 

coo 

75-5 

II 

8-7 

, H-2 

. 10-3 

0 

22*9 

‘25-2 

14-2 


Whcnco it is concluded that tho molecule of 
cutoso is coinnosed proxiinately of oleo- and 
slearo-cutie awds in the mflloeulur proportion 
of 5:1. 

• The two derived ticids above described are 
! marked by a curious instability or tendency to 
reversion^ passing under certain conditions, 
notably by exposure of their solutions to light, 
into modifications closely resembling the original 
cutose. 

With regard to the distribution of cutose in 
tlie plant world, while it is the main constituent 
of the external protective tissues of leaves, 
Ileshy fruits and tho stems of annuals, it is 
found also in the interior tissues, c.g. tho bast 
and Hhro-vascular bundles# 

Those researches are an important contribu¬ 
tion to tho subject; and while there is no 
reason to doubt tho authors’ conclusions in the 
main, it is probable that they have overlooked 
tho presence *»f cellules*' as a constituent of 
cutoso which occurs as an organised i.e. cellular 
tissue. We need scamefy observe that the 
chemistry of these^ adifiooolluloses has been 
but little investigated. « 

Constitution of Cellulose. 

Tlie physical properties of cellulose thfrow 
but littlcgliglit on the problem of its molecular 
constitution. We havo seen, moreover, that 
cellulose is chemically inert; its derivative com¬ 
pounds are few, and of these indeed the nitrates 
alone appear to merit such a description, their 
formauijn .being unattended by molecular *reso- 
’ulioii. From their composition and properties 
we infSt the presence t>f alcoholic OH groups in 
tho cellulose jpoloei&j. L'h v.rr hial resolution 
by the action of sulphuric acid, through u series 
of compounds terminating aehroodextrin, 
indicates a eertu. i cgmstitutuw.al relationship 
to the simpler curl uhydrates of which the latter 
is a typical repre.se;;H!UvS. Tho exact mechan¬ 
ism of the resolution not having been elucidated, 
it is impossible to -dra't any but the general 
inference fPom tlie products to the original 
cellulose molecule, viz., that tho latloj is a com¬ 
plex of molecules resembling ft lieso simpler and 
better known cavbohydracqf. We also infer that 
the bond which uni^ps them is one oAdehydra- 
tion, but the exac$ nature of this bond is for the 
present entirely conjectural. (For a discussion 
•■of the probabilities involved in this problem the 
reader is referred to a paper by Baeyer entitled 

3 A 
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‘Wasserentziehung n. ihre Bedeutung fiir das* 
Pflanzenleben und die Gahrurfg,* B. 3, 03.) 
That suoh molecules are to be regarded physio¬ 
logically as well as chemically, as the proximate 
constituents of the cellulose molecule, is a con¬ 
clusion which has perhaps been somewhat pre¬ 
maturely drawn. Its ultimate origin is pf course 
to be^raced to the carbonic anhydride and water 
of Jhe air and soil, fthe synthesising agencies 
being <fhe protoplasm and chlorophyll of the 
plant, aided by, tho supplies of cnerg'/ frtrra 
without. It has been supposed that the mediate 
source of°the vegetable carbohydrates is formic 
aldehyde, and thd 1 recent researches of Loew 
(43.20,141) upon^be condensation#’ of this alde¬ 
hyde have at least confirmed the probability 
of this supposition. The products of resolution 
of cellulose, moreover, clearly indicate the pre¬ 
sence of aldehydic groups in the molecules. 
Apart from conjecture, we may, to sum up this 
brief review, regard the eelluloscfinoleculo as a 
complex of simpler carbohydrate groups, con¬ 
taining alcoholic and aldehydic oxygen (y. als*i 
Bowman, />'. A. 1887). 

The most striking features of the empirical 
formula of cellulose C (j H, u O.,aro those character¬ 
istic of the entire group of carbohydrates, the 
molecule containing some multiple of C„ and 
the hydrogen and oxygon having the ratio 2)1. 
At present these relationships arc merely sugges¬ 
tive of conditions of molecular equilibrium to 
be elucidated by future investigation. 

The prevalence of the C„ group is remarkable 
and suggests a relationship to the aromatic 
group, which is confirmed by the undoubtedly 
cellulosic origin of the benzene compounds. 
On the other hand we have no evidence of the 
existenco of closed chains of 0 atoms in the 
cellulose molecule, nor have any simple transi¬ 
tions from the one group to the other been as yet 
discovered. If we turn, however, from the typical 
cotton cellulose to othqr forms of cehuloso, such 
as those isolated from growiiSg tissues, wo find in 
the ease with which many of them yield furfural 
as a product of acid hydrolysis, some evidenco 
of 4 more complex union of the C atoms, than 
the normal type usually assumes. B ,ssing on 
further to the iignocollulosos wo find a molecule 
in the constitution of which a furfural group^ 
undoubtedly plays a part, and in which the 
linking of the C atoms is such as permits a 
simplu transition, in part at least, to products of 
undoubtedly ‘ aromatic ’ composition. 

We have, in this brief‘statement, of the evi¬ 
dence which wstew uponV^hiclmlo found our 
views of th?. constitution of cellulose, endea¬ 
voured rather to indicate the main lines upon 
which the investigation of the problems involved 
is proceeding, than to ,dr^w promature conclu¬ 
sions. The subject will be enormously developed 
in the future, and will constitute an important 
foundation of the natural hintory of the carbon 
compounds ; a department or fiew ox the science 
which can scarcely as yet be said to bo within 
reach. t 

C Nomenclature. 

Considerable confusion has been imported 
into this subject by the indiscriminate employ¬ 
ment of tk-e terms, cellulose, lignin, woody* 
fibre, lignose, ‘crude fibre,’ in describing the 


various products, natural and artificial, of wMch 
this article treats, The want of uniformity 
arises from the division of the subject amongst 
physiologkts, agriculturists and omfmists. That 
which wenave adopted appears to bring about 
a certain simplification. 

The application of the term cellulose wa ’ 
have already defined and limited. To denomi¬ 
nate the compound cfeiluldaes, which correspond 
with the chief modific^Jion^ of cellul^e recog¬ 
nised by physiologists^ we use a compound 
term consisting of cellulose as the substantive 
portion with a qualifying prefix. To specially 
distinguish the characteristic constituent of 
these comjxounds, that to which have ap¬ 
plied the neutral term non-collulflse, we employ 
the root of the prefix with tho termination in, 
thus pectin , lignin. v 

In conformity with this plan it may be ex¬ 
pedient to introduce such terms as subero- 
cellulose, chto-cellulose. suberin, cutin, and many 
others: but this shoula l be left to be determined 
by the progress 'of investigation. Th9 special 
classification and nomenclature proposed by 
Fremy has been already diseussed ? C. F. 0. 

CERASIN, the met a- acid (v. Arabic aciiJ) 
existing in cherry-tree and plum-tree gums, and 
in the gums of other Wees of the same family. 
Gum arabic yields eerasin when heated to 150° 
(Gelis, C. B. 44, 144). Chcrry-treo gum is said 
to contain 52*1 p.c. arabin, 34*9 eerasin, 12 water, 
and 1 ash. Treated with nitric acid eerasin 
yield 15*5 p.c. rnucic acid. C.O’S. 

CERATIN v. Protf.ids. * 

CERATOPHYLLIN. [147°]. Extracted by 
lime-water from the lichen Parmclia cerato - 
phylla (Ilcsse, A. 119, 305). Thin prisms, si. 
sol. cold, v. sol. hot, water; v. sol.. alcohol, 
ether, and aqueous .alkalis. Fe 2 Cl„ colours its 
alcoholic solution purple. Bleaching-powder 
gives a red colour. 

CERfERlN. A poisonous, crystalline gluco- 
sido occurring in Cv.rbera Odollam (Oudemans, 
J.pr. 99, 407; do Vrij, Tl. T. G. 3, 107). 

CEREBRIN C.09‘08, H.ll-47, N.2-13, 0.17*32 
(Parcus. From these numbers tho formulas 
C.,H„ 0 N 2 O 13 ; G 70 H im N.,O,|; or ChoH.oA 0 1S may 
be calculated). The body called Phrenosin by 
Xhudiclmm (/. pr. [2] 25, 19) is (probably the 
same body in an impure state. The name 
cerebrin was used first by Kiihn (1828) and ap¬ 
plied to a mjxiure ot cholestorin and lecithin. It 
was used by Lassaigne (1890) to denote the 
entire substance that can be extracted from 
brain by alcohol. It was employed by Gobley 
(1850) to denote so-called ‘protagon;’ and by 
M11 l.'.i'i- to denote the nitrogenous substance free 
from phosphorus that can be extracted from 
thq brain by alcohol, to whioh 0 he gave tho 
formula C„H M N 0 3 . 

References.— Fwrcrijy, A. Ch. 16,202; Frdmy, 
J. PK 27, 453; Liebreich, A. 134, 29 ; Gobley, 
£t Ph. [4] 19, 346; W. Muller, A. 103, 131; 
105, 361'. 

<• PrcparatiorC— Ox-brain is freed from mem¬ 
branes, washed with water, squeezed and heated 
<vitli ( baryta to boiling. The dear liquid is 
pourfd off and the coagulated residue washed 
with nearly boiling water, dried and extracted 
with alcohol. The first extract deposits very 
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little on cooling, but cerebrin mixed with choles- 
terin separates from the subsequent oxtracts. 
The cholest«rin is removedf>y solution in ether. 
So prepared, cerebrin is fiwo«from Bosphorus 
^ but contains inorganic matter. 250 grms. were 
* got from 90 brains. It is redi^kolvcd in alcohol 
at 60° which leaves a barium salt undissolved. 
The barium that gqps i>4 0 solutipn is removed 
by a current of C0 2 . The ccrebnn is purified by 
frequen# recrystuMisaftons from alcohol. The 
earlier mother-liquors deposit on standing a 
gelatinous pp. By recrystallisation from alcohol 
this pp. may be separated inro cerebrin Spheri¬ 
cal crystals), homocerebrin (nefdles), and en- 
ceplialin (B. Parcus, J. pr. 132, 310). 

Propertied .—Separates as a whito crystallino 
powder composed of transparent globules torn 
a boiling alcoholic solution. Soluble in acetone, 
chloroform, benzene, and glacial acetic acid. 
Insoluble in ether. Separates tom acetone 
partly as globules, partly as matted threads. 
Cerebrin dissolves in cone. H..SO |t On standing 
exposed^to the air, # thc liquid becomes covered' 
with a purple skin, which afterwards turns green. 
.Cerebrin dees not combine with acids, bases, or 
salts. It is not affected by boiling for a short 
time with baryta. It is but slightly decomposed 
by boiling alcoholic pi.Lash. Cerebrin swells up 
but slightly in boiling water. It is very slightly 
hygroscopic, absorbing 2 p.c. of water from the 
air. It is decomposed by boiling for a long ' 
time with baryta. Boiled for some hours with 
dilute IIC1 it forms a solution that can reduce 
Feliling’s solution. 

Homocerebrin C. ?0\Wp;c.: H. 11-6; N. 2*2 ; 
O. 16*1. The yield is that of the cerebrin. 
Soluble in tho same liquids as cerebrin ; soluble 
also iu boiling ether. Swells up in hot water, 
but does not form a past% ft not decomposed 
by boiling water. Treated with hot 1101, it 
forms a solution <hat reduces Folding's solution. 


extract of cprk contains phellyl alcohol 
[100°], a neutral, crystalline substance, 
si. sol. alcohol. 

CERIUM. Ce. At. w. 130*9. Mol. w. un« 
known as element lias not been gasified. S.Gh 
(abt. 18°) 6-63 to #-73 (Hillebrand a. Norton, P. 
150, 43i). M.P. considerably above tli&Uof Sb 
(150°) but below that of Ag (950°) (H. a. N.). 
s«. (0°-f 0(L) -01479 (»., P. 158, 7). SbV.S. 
211. .Chief lines in emission-spectrum *>53522, 
3873*2, 1028-2, 1572-0, 4502-la 4290, 4289 (Tha- 
16n). In 1803 Klaproth, and independently 
Berzelius and IJisinger, separated a new earth 
from a Swedish mineral and called it Ceria 
(from tho lifln recent lydisobered planet Ceres ); 
in 1839-41 Mosander (P. 11, 400) proved that 
ceria was a mixturo of at least ihroe metallic 
oxides, oxides viz. of Ce, La, artd Di. The metal 
cerium was first obtained by Mosander in 1826, 
ii was more fully examined by Wohler, Bunsen, 
and other clftmists. * 

Occurrence.—In many Swedish minerals, 
•more especially in *ccrite a silicate of Ce (abt. 
50 p.c. Ce/) ;l ); occurs as silicate, phosphate, 
carbonize, fluoride, Ac., also in many apatites ; 
generally accompanied by La, Di, Fe, Al, etc. 
It has been recently found that clay used for 
brickmaking at Hanisladl (near Soeligonstadt 
ill tho neighbourhood of Frankfurt) contains 
from 8 to 12 p.c. of Ce.,0., (Strohecker, J. pr. [2] 

* 33, .133 a. 200). 

Preparation.- Cerite is heated to redness, 
powdered, mixed with considerable excess of 
coito. H.S0 4 , and the mixture is gradually heated 
to incipient redness in a Hessian crucible; after 
cooling, the mass $s powdered and then added, 
little by little, to ice-cold water, whereby sul¬ 
phates of Ce, La, and Di arc dissolved; the 
treatment witu Ii.^fcSO, Arc. is repeated with the 
portion insolul lo in cold water; the aqueous 
solution is heated to boiltng, whereby basic sul- 


Boilcd for ^ long time with baryta, it is decom¬ 
posed. It is not hygroscopic. Its sdlutioas arc 
neutral. It does not combine with acids, bases, 
or salts. • It separates from alcoholic solutions 
in very fine needles. After separation from 
alcohol and drying, it is not a white powder (like 
cerebrin) but a waxy mass. It is more soluble 
in absolute alcohol than cerebrin. « 

Encephalin. C. 68*4; II. 11 C; N. 31; 0.16*9. 
Resembles homocerebrin rather than cerebrin. 
It separates from solutions in flexible plates. 
From acetone it separates in grfnular masses. 
It swells up with hot water forming a complete 
paste. Boiled with IIC1, it forms a solution 
that can reduce Fehling’s solution. 

CERIC ACID. C. 64-2 p.c.; II. 8-8 p*5.; O. 27 0 
p.c. ObtiUned by the action of UNO., on c?rin, or 
according to Kiigler on phellonic acid 
[96°]. Phfilonic acid is obtained, together with 
glycerii%and stearic acid, by the action of alco¬ 
holic KHO on cork “that nas previously been 
exhausted by chloroform and alcohol (Donning, 
A. 45, 289). # 

CERIN C 20 H,0(?). [250° * A substance # that 
may be extracted by chloroform from cork, the 
bark of Quercus Suber , in which it occurs to the 
extent of 2 p.c. (Kiigler, Ar. Ph. [3] *22, 2i7; 
cf. Chevreul, A. Ch. 96, 170; Popping,* A. 4§, 
289). Needles, insol. water, solf other solvents. 
According to Siewert (7-, L?68,383) an alcoholic 


1 pilules are ppd.; f olitUou in ice-cold water and 
j ppn. by hcating.to boiling are repgated several 
j times (Marignac; Bunseng Wohler). The solu- 
| tion in cold water is ppd. by addition of oxalic 
i acid solution; tho oxalates aro washed? with - 
water, tried, and heated in a Pt dish until com¬ 
pletely converted into oxides. Tho mixed oxides 
(of Ce,La, and Di) may now bo treated in many 
diffl yr-t ways. The following method was used 
by 1 rauner ( G . J. 47, 8sl) in order to prepare 
pure CeflS0 1 for alomic weight dt termiifutions; 
it is based upon J,ho forinaiioii uf basic Co 
nitrate insoluble in wa'^r. Tho mixed oxides were 
dissolved ft mo^iately coift: II NO a A<f excess* 
■ of acid was removed by cvapomition, and the 
I syrup-liko liqnM was poured into much pure 
boiling water ; lie ppd. basic eerie nitrate was^ 
washed (on a f mgel ^connected with a pump) 
with boiling \vatcr*containing a little nitric acid. 
Tho nitrate was dissolved in IINO :i Aq, excess of 
acid wag romovAd b** evaporation, the liquid 
was poured infer boiling water, <fcc., as already 
described. This treatment was repeated 10 or 
11 times. From the •pure basic eerie nitrate 
thus obtained other Ce Compounds may be pre¬ 
pared. Brauner*prcparod Ce,j3S0 4 dissolving 
the basic nitrate in diluteH s S0 4 Aq, and HaSOyAq, 
evaporating to dryness in a Pt dish, and heating 
with due precaution, dissolving ?n a little ice- 
cold water, ppg. by absolute alcohol, Ashing 

3a 2 
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with abs. alcohol, dissolving in ice-cold water,* 
ppg, by alcohol, dissolving again, heating to 
100° and stirring with a glass rod; Ce 2 3S0,.6H 2 0 
was thus obtained; it was dehydrated by heat¬ 
ing for some weeks at 440° in molten sulphur ; 
at full redness the sulphate,,gives off SO, and 
SO s and leaves pure CeO,. 

I&binson (Pr. 37, 150) prepared puro CoXl„. 
The. mixed oxides frqpi cerito wero dissolved, in 
HNUlq (v. supra), and the liquid,i-aftcr concen¬ 
tration to a syrup, was poured into boiling dilute 
H,,SO,Aq; the basic sulphates were dissolved in 
HNO a Aq,' the Ce salt oxidised by boiling with 
1'bO.. (Gibbs, AvA S, [2] 37, 1 352), the liquid 
evaporated, and C*». and Di salts, removed by 
treatment with HNO a Aq; the pure basic eerie 
nitrate remapping was converted into chloride by 
treatment with KClAq.from this Ce oxalate was 
obtained by ppn. with oxalic acid; the oxalato 
was heated in dry UCl, and pure Ce 2 Cl„ was 
thus obtained (for details v, original). Itobin- 
son (l.c.) also recommends evaporating the nitric 
acid solution of the mixed,nitrates to complete 
dryness, heating the brown mass to full redness 
until tiie residue is pale-vellow, and treating 
this with boiling dilute lIXO.Aq; tie basic 
nitrate remains while nitrates of Di and La 
dissolve. 

Other methods for preparing more or 1ms 
pure Co salts are described by Bunsen, P. 155, 
375 ; C/.ndnowiez, J. pr. SO, lti; Watts, G. J. 
2, 147; JJoltzmmm, ,/. lsiig. 130 ; John, Bl. [2] 
21, 533 ; Evk, Z. I2J 7, 100; l’opp, A. 131, 301; 
l’attison a. Clark, ((, A’. 10, 250. Wohler (.1. 
144, 251) prepared Ce by adding pieces o' Na 
to a molten mixture of Cc./.M,, KC1, and Nil,Cl; 
the product, however, was ilapnre. llillchraiul 
a. Norton ( P. 155, 033 ; 15(1,-toil) by electrolysing 
Ce.,Cl„, covered with NH,Cl, using a thick iron 
wire as negative electrode (4 llimscn’s cells) 
obtained approximately pure cerium, (for details 
c. original papers.) 

Properties and Jicaclinnh.— Steel-grey, very 
lustrous, vtry ductile, metal*; malleable, un¬ 
changed in dry air,4mt in moist air is supor- 
fieialfy oxidised; lieated in air hums to oxide 
with production of heat and much lighf,; hums 
in Cl, lir, I vapour, ,S vapour, 1* vapour, forming 
compounds with these elements; easily dissolved 
by IlClAq,diluteIINO a or JI,SO,Aq, no reaction* 
with cold cone. UNO., or H,SO,Aq. Cc slowly 
decomposes cold water, quickly decomposes hot 
water. As the V.D. of no Co compound 
has yet been determined) llio At. w. of the 
, metalumst be fi*sd by chemical considerations 
and by S.H. ,The value given to the At. w. for 
many years was abt. 92, and tho formulie of the 
oxides, and chloride, Arc., were CcO, Cc./),, 

* CfCl,„ Ac.; Co was thu^ placed, along with I,a 
and Di, in the same class ky A1 and the earth 
metals. Considering tlio relations between the 
properties of compounds of Ce, La, Di, ,.nd of 
other elements, Mendelcjef! (A,.*Suppfud. 8 ,lRti) 
thought tha^ Cc ought to ho classed with thoso 
elements which form well-marked oxides M& 2 , 
i.c. with Ti, Zr, Sn, A^ If this were done the 
At. w. of 05 would become 9? x 5. Further in¬ 
vestigation has completely justified Mcndelejelf’s 
proposal; Ce is now classed with C, Si, Ti, Zr, 
Bn, Pb, and Wh; La is placed with A1 and the 
earth^paetahl! and Di isclassed w'tli the elements 


of droopy. whose. characteristic highest olide 
is MjO s . ; • •-' j 

The At. w. of aerium has been determined 
(1) by estjmating feo, in cerous Sulphate (Be- 
ringer, A. 42, 134; Rammelsberg, P. 55, 05; 
Hermann, J, pg. 30,184; Marignao, A. Gh. [3J 
27, 209; 38, 148). (2) by estimating Cl in 

cerous chloride (Boringer, l.c. ; Bobinson, Pr. 
37, 150). tjS) froth* cothbustionS of cerous 
oxalato (Jogel, A. 105, ^5; Rptninelsbep.P. 108, 
44). (4) by conversion of Ce 2 3SO, into CeO, by 
heat (Brauner, G. J. 47, 879). (5) by determining 
8.II. of approxinoately pure Ce (Hillebrand a. 
Nortdlri, 1‘. 156, 471). Tho most accurate deter¬ 
minations are thoso made by B^bmson and 
Brauner, respectively: both leach-to the number 
1519-90 (0 = 15-96). 

Cerium is distinctly metalliciin its physical 
and chemical properties; it forms the oxides 
Co,0„ and CeO,, (and probably also Ce0 3 ), both 
of "these art. salt-forming in their reactions with 
acids, but the well-maikcd salts (cerous salts) 
are those corresponding to Co,0„ e.g. Co,3S0 4 
Ac.; in this respect Co differs from Ti, Zr, Th, 
Bn, and Pb, the salts oV which metals belong to 
the forms MX and MX 2 (X.= SO.,, CO a , 2NO s , Ac.)) 
and shows analogies with the elements of 
Group III. (A1 Ac.). C{, docs, however, form a 

eerie sulphate Ce2SO,; besides the oxide CeO.,, 
a fluoride CcF, analogous to TiF„ ZrF„ Ac., is 
known (a. Cahiion gicoup of elements; also 
Titanium unoup of elements.) 

Detection and Estimation. —Ce salts are 
generally soluble in water: alkalis pp. white 
hydrated Ce,0 ; ,; NaCjJOA j pps. yellow hydrated 
CeO, which dissolves in lIClAq in presence of 
alcohol to form a colourless liquid; solutions of 
Ce salts arc ppd. by oxalic acid, the ppd. oxalate 
is while and imttluljlo in NH, salts; saturated 
Iv,SO, Aq pps. a white*crystalline double sulphate, 
scarcely soluble in cold water, decomposed and 
dissolved by hot water containing a little IIC1; 
Co sails l oiled with PbO, and a lKtlo HNO a Aq 
give* a yellow solution. When a slightly acid 
solution of a Ce salt is mixed with ammonium 
acetate, a little H,0,Aq is added, and the whole 
is warmed, a yellowish pp. iS formed (Hartley, 
G. J. 41, 202); if this pp. is moistened with 
NII a Aq, again treated with iI,0_Aq, and warmed, 
an orange solid (? CeO,) is produAd (de Bois- 
baudran, C. It. 100, 605). Ce can be separated 
from La and Di only by very prolonged treat¬ 
ment, v. Preparation. Co is usually estimated 
as CeO,, but it is very difficult to obtain this 
oxide pure. For methods of separation and 
estimation a manual of analysis must be con¬ 
sulted. , 

Cerium, carbide of. Said to be detained as 
a dense Mack powder, insoluble in hoF cone, 
acidb, by heating ecrous formate or’oxalate in a 
stream of H, and treating with HClAq to dis¬ 
solve out any oxido formed. Analyses agree 
approximately with composition CeC, (Dela- 
fontaine, J. 1865. ITT). 

•Cerium, haloiS- and oxyhaloid compounds of. 
Cerium forms cerous haloid compounds, Co,X, 
or* CeX,, corresponding to tho oxide Ce.,0,; and 
also a perio fluoride CeF,; the molecular weight 
■of none of ttyise compounds has been deter¬ 
mined. 
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Ckroos bromide. CtiBitstfteQx,. KnSwji 
m the hydrate CeBr,.irR,O.^HQkUined by dis¬ 
solving oerons oxide, Ce 2 #j, in HBrAq and 
evaporating.* Deliquescent geqfllea; juichanged 
by beating out rf.oontact with airj^eatod in 
air, partially decomposed with l%ss oi Br. Forms 
double salt CoBr 3 .AuBr 3 .8H. J 0 (Jolin, Bl. [2] 21, 
323). » 

Cekods *chlouid». T5te. 3 Cl, 0c CeCl,. Ob¬ 
tained l 4 y beating,Co^’n Cl; or by dissolving 
Ce 2 0 3 in lIClAq, adding NH,C1, evaporating to 
dryness, and driving oil 101,01 by heating; or 
by passing a mixture of dry *0 and Cl over hot 
Ce 2 0 3 (Dicier, C. II. 101, 882). J#ire Cc<?l 3 was 
preparod bjiJtobinson (Pr. 87, 150) by heating 
pure Ceo(C 2 () 4 )| in pure dry IIC1 gas to 120 "'-lOu ' 
for some time, then to 200\ and then to l^w 
redness ; the »nall quantity of C separated was 
removed by heating at low redness in mixed 
C0 2 land HC1; finally the temperature was 
raised to a full red hq^t and the *00., stream 
was stopped. The chlflrido was allowed to cool 
in IICl gas, transferred to if small flask, and 


*have been described, but their existence is veri 
doubtful. 

Cerous oxide. Ce.0 3 . (Cerium sesgtiioxide.) 
Mol. w. unknown. The white, bulky pp. ob¬ 
tained by adding KOlIAq to a solution of a 
cerous salt is liyd^ited cerous oxide ; as the pp. 
at onco begins to take up O and CO.,, fremi the 
air the Hydrate lias not yet been obtaineiFpure. 
Tltf oxidtg Col)., is propp ed by heating copus 
oxqjute in alstream pure If. The oxalate is 
picpaial from the basin nitral^; (v. Curium, Pre¬ 
paration) by dissolving in a little H\O a Aq ana 
ppg. by oxalic acid (Popp, .1. 181, .fill; Kam- 
inelsberg, B. (>, 8#»). • 

Properties and Rea<ti nP. A grey solid; 
unchanged by heating in 11. dissolves in many 
fluids to fonmceroiis suit.-; of thy form Ce.,X , 
X- SO.,, CO. { ,"NO. j 2CI()„ ,\e* 

Ceric oxide. CeO... (Cerium dioxide). The 
pale yellow pp. obtained by suspending 
Ce. J 0. ! ,;) , lf ,0 i# KOlIAq and#passing in Cl is hy¬ 
drated eerie oxide (2Ui:0..3II.0; Kammelsberg, 
•Z'. IMS, 10). # 


kept in Pfacuo, o\et H.,S0 4 and surrounded by 
CaO, until ty.1 IICl was removed. S.G. 8 88 
(ltobinson, l.c.). A.fhile, deliquescent solid; 
easily soluble in water with production of heat; 
decomposed by 0, or I*/ steam, to Cel)., (Didier). 
A hydrate, CeCl ;) .7ILO, is said to be formed by 
digesting Ce.,0., in JlClAq and evaporating. 
Various double salts are described; c.g. 

CeCl 3 .4IIgCL10IL,O, Co01.,.PtCl,.l 8TI..O, 
CeCl 3 .AuCl a .13lT.,0 (Jolin, l.c.). 

Cerous cyanide (and double c{{unities) v. 
Cyanides. 3 # 

Cerous fluoride. CeF ;t 1 ibtained as a 
gelatinous pp. (2CeF 3 11.0) by adding NaFAq to 
CeCl 3 in IIClAq (Jolin).' 

Ceric fluoride. CcF a TT,<#. An amorphous 
brown powder, insoluble in water, obti.lned by 
treating Ce0 2 .GH..0 with HFAq, washing, ami 
drying at 100°. Decomposed by heat with loss 
of H ,0 and HF and formation of CoF.,; ligated 
strongly in contact with moist air CeO ; ami ilF 
are formed. Combines witli IvF {by treatment | 
with KF.IIF) to form 2CeF r 8KF.2H ,0 (Brauner, 
C. J. 41, 69). 

Cerous iodide. Ce 2 I,. or Cel s . Obtained as 
the hydrateCeI : ,.9TIoO, in colourless crystals, by^ 
dissolving TJeX)., in HIAq, evaporating in a 
current of II.,S, and placing in vacuo over | 
H 2 S0 4 ; soluble in water and alcohol, very i 
quickly decomposes in air (Lang#, J. pr. 82, I 
134). 

Cerium oxychlorides. The compound i 
Ce 4 0,Cl fl (~ Ce a O.,.‘2CcCl 3 ) is said to bo formed I 
when CeCl, is heated with Na (in inequation of ! 
Ce) and tke mass is treated with water. • Dark | 
purpl&, lustrous, powder; insoluble# in water 
(Wohler, At 144, 254). The same oxychfc>ride 
is said £o be obtained, as iridescent scales, by 
passing a mixture of IsteaFi and N over a fused 
mixture of CoCl 3 and NaCl; easily soluble in 
dilute acids; heated in aii^ives Cc..O a and # ttCl 
(Didier, C. R. 101,882). • # 

Cerium, hydroxides of, v. Cerium, oxides of. 
Cerium, oxides and hydrated oxides ^f. 
The best studied oxides are cerous oxidS Ce,,0 8 , 
and ceric oxide Ce0 2 ; a poi1)xid| Cc0 3 also pro* 
bably exists. Other oxides, e.g. Ce a 0 5 and Cc 4 0 9 , 


Formation. —1. By washing the hydrate with 
1 water containing a little acetic acid until KOI/ 
is ivmofed, drying and he:Uing.--2. By heating 
cerous sul]»hale CcJISO, to full redness in air. 
3. By heating CeF, in air (Brainier). 

• Preparation. —Cerous oxalate is prepared 
from the basic nitrate from cerite (v. Cerium, 
*J* reparation ); it is healed to redness in a Pt 
dish with free access of air. Nordenskiold (P. 
Ill, 010) obtained colourless, transparent, 
^es;|Tal cryslais of CeO, by heating CeO.. for 
21 Hours witli a little borax in a porcelain oven, 
and treating the mass with JlClAq: S.G. at 
15° = 0*1)1. • 

j Properties and Reactions .—Very pale yellow 
! solid (Wot'\ Pra’iner, Robinson [ C. N. 54], 

1 Crookes, ]' . 38, 414). S.G. 0*71 (Nilson a. lYt- 
' tersson, /*. 13, 115Q). # S.V.H. 25*45. S.If. 

: *0877 (N. a. P., Pr. 31, 40). Dissolves in cone. 
ILSOjAq with jnTtdueUon of much heat, and 
evolution (>l some 0 ; on crystallidfng, the salt 
Ce 2 3ttO,.0e(SO 4 )...21 ll a O b#parates (Mendelejeff, 
A. 108, 45); from the mother-liquor oto this 
salt cegic sulphate Ce2KO,.411.0 is obtained. 
This reaction shows that part of the Ce0 2 is re¬ 
duced by the H 3 SO, io C(\0.„ and part reacts 
vitli tho acid to form Ce2SO,. Dissolves in 
HNOjA-j; on adding N If ,N()., and crystallising in 
vacuo tl •double salt 2Cc(NO a ) 4 . 4NH 4 NG # .31I 3 0 
ii. obtained. Seaivly soluble in JlClAq; but 
dissolves in this acid, and also in other dilute 
acids, in p^senej^of .educing bodies, cPj. filter, 
paper, alcohol, SO^Aq, etc. ^ 

Cerium tj.ioxide. CeO ;t . [Cerium peroxide.) 
Said to be obta .ied ns a reddish pp. by adding a 
slight excess «•!. NII ;l Afi to Ce.,3SO,Aq, and di-* 
gosling with hydrogen peroxide (do Boisbaudran, 
C. R. 100, 005 ; Clove, Til. [2J 43, 53). 

Other oxides of cerium are described 
Popp (^4.*131, IMm); Lermann (J. pr. 30, 184; 
82, 385 ; 92, 113;; the formula) Ce^O B and Ce 2 0, 
afe assigned to these ^xidrs, respectively; but 
experiments made by It^ninclsberg (P. 108, 40) 
and others tend show that the Ipnly oxides 
which have be#n isolated are Ce 2 0„ Ce0 2 , and 
CeO,. . 

Cerium, oxychlorides of, v. qnder Cebiuic, 
HALOID AND OXYIIAI.OID COMPOUNDS OF. 
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Cerium, salt a of.—Salts obtained by replacing 
II of acids by Ce. Two Bcries of salts arc known, 
ccrons salts represented by Ce.,3SO„ and oeric 
salts represented by Ce2SO,. The ccrous salts 
correspond to the oxide Co.O,, the general form 
of these salts is Ce.X, where X =-- SO,, C0 3 , 
2N0 3 , 2C10„ Ac.; the ceric silts correspond to 
'the oifcle Ce0 2 , their general form is CeXi where 
X = SO, Ac. The eercuis salts are considerably 
more stable than the ceric salts; tlfeo latter aro 
readily‘reduced to the former; but lev* cerjp 
salts have been obtained, the principal salt is 
Ce2SO,; sMverol double salts are known of the 
form Ce2SO,.xM.,S«„ and CelNiVirMNCl,, when 
M is an alkali metal, Many double,ccrous salts 
are known. A few basic salts arc also known. 
Home salts have been isolated which appear to 
belong to the* inked form a , Ce J X,.pCcX 2 ; and 
one of the so-called basic nitrates is probably 
9:Ce 2 0NO : ,.i/CoO 2 . l’’or descriptions of the indi¬ 
vidual salts v. tho articles on the serious groups 
of salts, cAitnoNATKS, sulphates, Ac.; tile chief 
salts are the bronuite,carbouy.ics,iodate, nitrates ,, 
u.ralate, perchlorate, phosphates, selcnate, sul¬ 
phates, tungstate. 

Cerium silicide. Described by Ullife (E. [fj 
2, (10) as a brown powder; obtained by passing 
an electric current from 8 Bunsen-colls through 


|ftrax; whence it is obtained by distillation, ef, 
better, by treatment with alcoholic KOH. ■ 2. In 
tho free state in b^p’s wax (John, Ohemisehe 
Schriftcn, A, 38; Bbudet a. BoissCnot, J. Ph. 
13, 38; Mttling, l Jf. 2, 207; Hess, A. 27, 3; 
Gcrhardt, Rev. sclent. 19, 6; Bevvy, A. Ch. [3] 
13, 438; Brodie,74. 67, 180; Zatzek, M. 3, 677). 

Formation.—By oxidation of poraflin with 
dilute UNO, omwith chromic mixture (Gill a. 
Meusel, C. J. 21, 466). Also by heating eery! 
alcohol with soda-lime (Sfchwftlb, A. 23.7) 141). 

Preparation.— The alcoholic extract from 
bee’s wax is reery^tallised till it molts at 70°. 
This i* dissolyd in alcohol and the lead sail 
thrown down by alcoholic lead*or ^uprio ace* 
tate. . 

Salts.—NaA'. — CuA'., at 11)0°. - PbA'» 
[lft“J.-KA'.-MgA'„ 1 [140°-145°1.—AgA'. 

Methyl ether Me A'. (60"] (Nafzger, A. 224 
233). 

Ethyl I'.thcr Ft A'. [60°]. Fatty plater 
(from alcohol). Solulffi, in ether. May b( 
distilled in vacuo. On distillation it gives ofi 
0,11, and CO, and the distillate contains eerotir 
acid and a paraffin [•14°/(G a ,H il or C,,II*) wliih 
in the retort there remains a ketone f [92"] vvhiel 
is (0.. J H„),CO or (0.,„H M ) 2 CO. 

Ccryl ether C 2I H,,.0.C 2; H M 0. [82"] 
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a fused mixture of KF and Cc.,F, in a porcelain Occurs almost pure as fchineso wax (Brodie) 

... - . ... 7 .1 » • I /\ -. -1.- 1" /Hricon ./J, l)j)nl 


crucible, and treating with walcr the brownish ; Occurs also in opium-wax (Hesse, 
mass formed at tho negative pole. The Si was,: and in yolk, the sweat of sheep (Euisme, hi. [2 
derived from the crucible which was strongly j 42, 201). . 

attacked. Analysis gave numbers nearly agree- An acid [70 ] isomeric or identical witl 
ing with tho formula Ce,Si 3 . . ccrotic acid is the chief acid present in tin 

Cerium, sulphides of. Only one sulphide is ’ product of saponification o t f carnauba \vax. ^rom 
known, ccrous sulphide, Ce.,S,. It is best oh- j alcohol it separates at a'jelly, but from other 
tained by passing dry ILK dVir Ce0 2 heated to solvents (ether, benzene, light petroleum) as a 
full redness in a porcelain tube. S.G. 5*1. Ver- crystalline powder^(btLirekc, A. £ao , cj. 

milion to black according lo the temperature , Bcrard, A. [2] Mfj5). , . , 

at which prepared. May also he obtained in ! Halt.—PbA s Lit* ]. Sol. boiling glacial 

red translucent crystals bypassing dry TBS acetic acid and toluene. Insol. boiling alcohol 

over a fused mixture of dry NaCl and dry Ce,CI„, or ctlior. . ,r, tt im hi 

and then washing with vvah'r. Unchanged m j CERO^pNE C : ,JT,,,/> i.e. (C*JI* l ),CO (?) 
ordinary ail* but burnt to SO' and CcO, below fG2°lr Formed by distilling load ccrotuto (Brack- 
a red heat in air. dissolves easily in dilute , lier, J. pr. 57,17). Plates (from ether), 
acids, with production of IBS ; very slowly do- | Cerotone (C-„H.„),CO (?) 192 ]. Formed by 
composed by warm water (Didicr, C.Jl. 100, ; distilling ccrotic acid or its ethyl other (Nafzger, 
1461; v. also Lange, /. pr. 82,129; mid Mo- j A. 224,237). _ Plate* (from acaslonc). 
sander, P. 11, 400) 


Cerium, sulphocyanide of; v. srurno- 
CVANinns, under Cyanides. M. M. P. M. 

CEgOPIC ACID C a „lI„ s O., (?) In tho leaves 
of the Scotch fir ( Finns sylvestris), from which 
it may bo extracted by diiitte alcohol. Minuto 
. needier.—BaA"aij (Kawalicr,.4.88^160). 

•* CER08IN ( C 21 I1„0. [H2 j J. A waxy sub¬ 
stance found on tho stem of the sugar-cane. 
Nacreous laminie (from alcohol). Heating with 
* potash-lime oxidises it to cerosic acid 
C„H, b Oj (?) [93 c ], which frpay lie crystallised 
from petroleum (Avequin, A. Ch. 75,218; Dumas, 
A. Ch . 75, 222; Lewy, A. CA,[3] 13, 438). 

CEBOTENE C,.H M . [58\]r A product of 
the distillation of Chinese wax (Brodie, P. M. 
[3] 33, 378 ■' A. 67*, 210). Resembles paraffin. 
Chlorine forms C-.F'^Cl,,, C-,H M C1 2 „ and 

C 2 ,H m C1 22 . f,k similar body [6f>°] occurs in hay; 
it is perhaps 0*11,, (Konig a. Kiesoff, B. 6, 
600 ). 

CERSTIC^CID C-11,,0. or C., s II 62 0 2 . [78°]. 

Opurrtnce. —1. As oeryl oerotate in Chinese 


CERTfE ALCOHOL C.. ; H 5 „0 or C, a H 1 ,0. r [79°]. 
Occurrence.— Cliinese-wax consists ^ almost 
entirely of ccryl cerotatc (Brodio, A. 67, 180; 
Schwalb, A. 235, 141). Ccryl cerotatc also 
occurs in tharweat on the wool of sheep. The 
wax outside ripe heads of the opium poppy 
contains ccryl cerotate and ccryl palmitate, [79°] 
(Hesse, 11. 3, 637). 

Preparat ion. —Cliinese-wax is saponified with 
alcoholic Votash, the product mixed with baric 
chloride solution and the ccryl alcohoPscjjarated 
from bariti corotate by solution in ateohol. 

Reactions. — Is oxidised to ccrotic etoid 
C„H.,0, by heating pith soda-lime. • 

Iso-ceryl alcohol C^H^O. [62°]. The por- 
tiun. of tho wax of Pictis gummiflm which is 
insoluble in cold etlit r (Kessel, B. 11, 2113). 
Acetyl derivative C 2 ,H,,OAe. [57°]- 
CESPITINE C s H l8 N(?). (96°). Occurs in coal 
t*", and in the product of the distillation of peat 
(Church a. Owen, P. U. [4] 20,110; Fritzsche, 
■J. 1868, 402).' Liquid, miscible with water. 
Combines with EtI. Its platinochtoride is 4e- 
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composed by boiling water (De Coninck, J3Z. [2]* Di-cptyl-aoetio acid 0 J4 H tfs O a t.e. 

45,181). Goldschmidt a. Constam (B. 1G, 2978)1 (C.JIJ.CH.CQ.H. [70°]. Formed by heating 
Suggest that it is wet pyridme. di-cetyl-malonic acid at 150° (Guthzeit, A. 206, 

CETANJfc v. Hexadecane. i 305). Crystalline scales, si. sol. alcohol.—AgA': 

CETENE 0 |g H w i.e . CIlj.lCH^.CHiCELj. amorphous pp. 

Cetylene. Hexadecijlcne. [4°]. (275 s ); (155°) CETYL ALCOHOL C 1(i H ai O. JEthal. n-Prim - 
at 15 mm. S.G. ±-7917; JJ* •7842. V.D. 8 0. hexadccyl alcohok Mol. w. 212. [50°]. (844°) j 
Formed by distilling cetyl alcohol with P.,0 4 | (190°) #at 15 mm. S.G. (liquid) 6 5 °«**8176 j 
(D umas a*P6iigot, Gfc. [2J 02, 4 ; Smith,‘A. ^ = *8105; *J> = *7837. H.F. 112,000 (Bcrfholot). 
Ch. [3] 6, 40). Also by distillflrg cetyl palmi- * Occurence. —Spenmlfceti is cetyl palpitate 
tate or*oommercfcl spermaceti (c/. Krafft, B. (C 1( ,IIv,)C,„lt 3 ,0 2 (ChovreuI, Rcchcrchemsur les 
10, 3018). Oil; sol. alcohol and ether. Accord- j dbrps%ms } p. 171; Dumas a.«P61igot, A. Ch. [2] 
ing to Berthelot (A. Ch. [3] 51, 8D it forms un- j 02, 4; Dumas a. Stas, A. Ch. [2] 73, ^24 ; Smith, 
Btable compounds with IIBr and Ed. forms • .1. Ch. r 3J 0, 10 A. 12, 217« llointz.P. 84, 232: 


a dibroffiide G lu H,,.>Br., [14°] wTienco alcoholic 
KOH foriits oily bromo-ceteno (Chydeuius, .1. 
143, 267). fICIO forms ehloro-cetvl alcohol 
C,,;H ri .Cl(On) (c. 300°) (Carius, A. 12G, 185). 
SO., forms C,Jl 3l S0 3 H [18 3 ], insol. water.—KA'; 
[100°); S. 1 (Lasarcnko, B. 7, 125). 

An isomeride of cetena, [42°],^28l°) is got 
by distilling azelaio a<^sl with baryta (Schorlcm- 
mer, A. 13G, 2(55). 

CETENE GLYCOL. The di-acetyl deri-' 
vativc v,jH iia (OAc). a informed by the action of 
• AgOAo onicetene dibromido. It cannot bo dis¬ 
tilled (Chydenius, A.^. 43, 270). 

CETENE OXIDE C^H^.O. [below 3(P], 
(below 300°). Frost, chioro-cotyl alcohol i'/\ 
Cetenf.) and aqueous KOII (Carius, A. 120, 202). 
Minute needles. 

* CETIC ACID C l5 H ;(( >0... {&>*]. The glyceryl' 
derivative occurs in the oil expressed from the 
seeds of fatronha Cureas (Bouis, J. 1854, 402). 
According to TIointz (P. 90, 137) a very small 
quantity of this acid is lipund in the products of 
saponification of spermaceti. 

Ethyl ether EtA'. [21°] (!’.). 

CETINENE C, ri II 30 . Cetylene. Hexadecinene. 
Hcxadecididene. [20°J. (<134?. (100’) at. 15 mm. 
S.G. %' = *804; -\° = -797. U.F. 113,000 (IJ, . ihe¬ 
lot). Large colourless tables. Formed by heut- 
iug ccteno..(hcxadecylene) bromide (natural or 
synthetical) with alcoholic KOII (Krufft, B. 17, 
1373 ; cf. Chydeuius, C. It. 64,1K0). * 

CETEARIC ACID C ls H lti O„. Contained, to¬ 
gether with lichgpostearic acid, in Iceland moss 
(Cctraria islandica) (Berzelius, Schiu. J. 7, 317 ; 
A. Ch. 90, 277; Horberger, A. 21, 137; Knop a. 
Schr.ederrjjann, A. 55, 144). Hair-like needle# 
(from alcohol), v. si. sol. water, si. sol. ether, v. 
sol. boiling alcohol. Tastes bitter. Decomposed 
before melting. Its solutions turn brown on 
boiling, especially in presence of Alkali. Fe^Cl,. 
gives a red pp. in neutral solutions.—(NHJ.A".— 
PbA". 

DICETYL C 3 ,H U8 . Dotnacontane. [70°]. 
(above 3G0°). V.D. 15*8. Formed*by treating 
an elherSal solution of cetyl iodide with sodium 
(Sorabji, (J. J. 47, 37; cf. Lebcdeff, 9. 1^1884, 
[2J 299). Scales, v. si. sol. ether, v. sol. boiling 
glaciaWTOAc. # • 

CETYL ACETATE C I8 H 33 OAc. n-Prim-hexa- 
decyl acetate. [19°] (Becker, A102, 220)<f [83°] 
(Krafft, B. 1G, 1721). (27*°) at 190 mm.; (200°) 
at 15-mm. (K.). S.G. JJ *8«0 ; §§*8612.»MM. 
18*772 at 20*7 3 (Perkin, O. J. 45, 421). Needles ; 
sl. sol. cold alcohol. • • 

CETYL-ACETIC ACID is idetitioal with 
Stearic acd> (j.u.). * 


87, 553). In the sebaceous glands of geese and • 
ducks (De Mongo, H. 3, 22*). 

Formation. .By the distillation of baric 

31‘baeate (Sc!#jrleinmer, Pr. J^), 22). 

Preparation. — 1. Spermaceti (10 pts.) is 
boilod with alcohol (5 pts.) and potash (2 pts.) 
until saiionilied. The product is pourod into 
water and tflo cetyl ulcoflol crystallised from 
ether. The crude commercial cetyl alcohol con¬ 
tains in addition t<f hexadrcyl alcohol also n-p- 
oetadecyl alcohol and probably small quantities 
of othr$* homologues (Krafft, B. 17, 1027).— 

2. The acetate is formed by reducing palmitic 
aldehyde (obtained by distilling barium palmi* 
tate with barium formate) with zinc-dust and 
Acetic acid (Krafft, B. 40, 1721). 

Properties. -Small crystalline plates (from 
alcohol). Gives palmitic acid on oxidation. 

Sodium CetylateC^llKNaO. [110°] (Fri- 
clau, A. 83, I). 

f Ethyl ether C 10 II ( .jOEt. [20°J (Becker, 

A. 102 , 220 ). 

TRI-CETYL-A.MINE C IH II„ !f N i.e. {C ia Il n )Jt. 
[39 ^J. From cetyl iodide and gaseous NIX, at 
150 3 (Fridan, A. 83, 25). Needles, its salts aro 
insol. wate", Lol. alcohol and other.—B'HCl.— 
(B'HCl ) L’tOI,: yellow pp. 

CETYL-ANILINE C,«I 1 .,N i.e. 

N (C„ II,) (C lti II :i3 )IL Pkenyl-cetyl-am inc. [42°]. 
From ccivl indiilc and aniline at^.100 0 (Fridau, 
.1.83,29). Silvery scaleg (from alcohol). Has 
no action on litmus, and does not pp. metallic 
suits. l)'.H.,l>tCl, i . * 

Ditctyl-aailine From 

cetyl-aniline and cetyl iodido at 110° (F.). 
Crystalline.—li',,11 ,PLCI,.. 

CETYL-BENZENE C. 1 U s (O l .M B ). IUxadccxjl- 
b,:n ana. [27°J. (2110° iit 15 mm.) Formed by 
the aerton of sodium upon a rnixturo*of iodo- 
benzcrie and cotyli^dido (Jvra.Ill, 7?. 19, 2999). 

CETYL-BENZENE-STJIPHONIC ACID 
CJI l (C ll ;Ijfl!).SC*'. r . II .niiltryl-bemcnt-sulplMm. 
me acid. Formed by snlplionatiRg cetyl-benzene. 
The sodium sett A'Na is simrinj'ly soluble (Krafft, 

B. 19, 2983). , 

CETYL BENZOATE C lo U I( OI!z. [30°] (Becker, 

A. 102, 219). Ci^’Stalline scales, 

CETYL B0BATE 0„H,,B0,. [58°] (Scfcifl, 

A. Sujml. fl, 198). 

CETYL BHiwiDE C.JI^Br. [15°). From 
Setyl alcohol,Hr,and!' (Frjduu,A.83, 15). Insol. 
water, v. sol. alcohol and ether. 

CETYL CHLOBIDI* 0„H a Cl. S.G. ^ -S4I. 
From cetyl alcdliol and PCI,. OS, insol. alco¬ 
hol, sol. ether? Boils above 280 1 with decompo 
Bition (Dumas a. P61igot, A. Ch. Oi, 4; Tiitt- 
scheS, Rep. Chim. pure, 2, 463f. 
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CHEMICAL AND PHYSICAL PROPERTIES j the same elements, it becomes necessary ‘ta» 
IP BODIES, CONNEXIONS .BETWEEN. f Viden the meaning of the expression chemical 
Jertain properties are common to all kinds of composition. It becomes necessary to frame an 
natter, others are characteristic of this or that hypothesis to account for the obsewed facts 
ina only. Thus, e*ery material substance is The hypotljpus geAemlly adopted asserts that 
cted on by the fore \ of gravity in exactly the matter has a grained structure, that a mass of 
ame manner, but only a few liquids rotate any kind of homogeneous matter is composed of 
be plane of polarisation of a ray of f light. a vast but not indefiryte number of minute 
’ropertfcs belonging to the second of these parts; and that the progprtios of the fnass are 
lasses* aro subdivided icto two groups,* physif conditioned by ftiio properties of these parts, 
al ana ^hemical properties. Chemistry deals Those minute portions oA matter are %alled 
dtli those changes i’i the properties of material f , molecules. But the molecule is not necessarily 
todies which are accompanied by changes in | itself without parts. The chemist asserts that 
ho composition of the bodies. Physics deals ! every mc^cculc is buift up of a definite number 
idth changes in the properties of bodies the j of smaller parts*either of one *r of Several 
omposition of whiefi femains the samo. When i kinds of matter. These parts of molecules are 
lie totality of properties by which a body is j called atoms. The atoms of elein^its are the 
mown remains .unaltered throughout any pro- ultimate forms of matter with which chemistry 
ess, that process*is called physical; when at present concerns itself. The*hypothesis 
ho result of any process is a body, or bodies ■ goes on to assert that tho properties of a 
nth properties so different from tho totality molecule, atu^ hence tho properties of any 
»f those of the original that the (fliginal can portion of homogeneous ^natter composed of 
io longer be said to exist, that process is ; molecules of this kind, are conditioned by the 
tailed chemical. Physical and chemical pro- j ftature, the number," and the ^elativo arrange- 
tesses are always closely connected in their 1 ment, of the atoms which together fdfm the 
iccurrence; no chemical change takes-place molcculo. In other words, the hypothesis 
vithout some accompanying physical change, declares that the molecule if itself a structure, 
uid it is probable that every physical change is On this hypothesis, by the chemical cornposi- 
o somo extent uccompanicd by chemical tion of a body is meant a statement of the na- 
ihange. Many physical properties are quanti- f tnro, number, and relative arrangement, of the 
,ies which may be accurately measured; atoms which form a molecule of the body. Wc. 
nclting- and boiling-points, speeilic gravity, Ac., know as yet almost nothing about tho configu-’ 
tc. Change of composition of a body or ays- . ration of atoms in molecules; but chemistry 
;em of bodies is very frequently accompanied by j lias formed certain more or less clear hy- 
shango in tho value ofc one or more of thesf) j potheses, and attempts are constantly being 
ncasurable quantities; in other words, the \ made to connect changed in the values of 
)hysical constants of a body jtre conditioned, ; various physical properties with variations in 
imong other circumstances, by changes in the the relative arrangement of atoms in molecules, 
reliable, chemical composition. By the chemi- as this arrangement is conceived by the .liy- * 
jal composition of any homogeneous kind of potheses in questioii* *. 

natter is meant, in the first place, a statement of j But tho physical conception of the molecule 
ihc elements, and of thenni^ss of each element, i is derived from the study of various gaseous 
n a given mass of that bqdy; jn this meaning ; phenomena: the physicist deals with tho mo- 
>f the term the chemical con^position of a leeule ap a wfiolo; he pictures tho molecules as 
xxly. or systeiHi can ho accurately stated, and performing certain vibrations, on the form, 
lefinite relations can tjo determined between j amplitude, and rate, of which the physical 
jhange^in the composition and changes in tho \ properties of bodies depend. The two concep- 
relues of such physical properties as nufting- j tions, the chemical and tho physical concep- 
ind boiling-points, specific rotatory power, spe- tion, of the moloculo are therefore to a great 
nfic refractive energy, and so forth. When the ' extent mutually independent. In how far then, 
relations between the two groups of changes . one may ask, can a development of the chemical 
liave been studied and generalised, it may be- conception bo looked for by using physical 
jome possible to infer the amount and eha- j methods of inquiry ? Looking at recent re¬ 
moter of a change of composition from measure- j searches, it seetis probable that the chemical 
aicnts of the changes in the values of a few j conception of the molecule must be very con- 
iysieal properties. It would bt .impossible to 1 siderably modified, and must be brought more 
itudy the relations between every chemical into harmony with the physical conception, 
ihange and the accompanying variations in tho The latter is«itsolf to some extent being changed 
physical properties of the bodies forming the by the development of the theory oftvortex 
manging system; it is $ecfssary to select j atoms. BuUit must not be forgotten that the 
;ypical cases, and to study these as accurately | physical conception, in so far as it i§ a clear 
ind minutely as possible. As a rule, onephvsi- | conception, has been developed almost wholly 
sal property is choSon for measurement; the j from the sjudy of gaseofis la^vs, more especially 
somposition of the system is drifted to begin 1 of the laws which express the relations of the 
(ritli; the systqpi is allowed, or caused, to pass* voluifle? of gases to ten^eraturo and pressure; 
into another definite stat^; and the variation : these relations are dependent on the states of 
in the value of the chosen uroperty is determined, j combination of the pkrts of molecules, and are 
But when It is found that several distinct ! in no way affected by the nature or number of. 
kinds of matter exist, each homogeneous, each thes^part* The chemical conception, on the 
hstinguished by definite properties, and each j other hand, rfiust be made sufficiently elastic to 
sontaining in a given mass the same masses of j cover the phenomena presented by gaseoui, 
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UtfM, and solid, compounds; and most of fch^ 
chemical processes which occur anv>ng com¬ 
pounds# belonging to "these classes! are con¬ 
ditioned bc*h by the natu^ and number, and by 
the states of combinationpof* the atfms which 
form the chemical molecules of the reacting 
bodies. The chemical conception of the mole¬ 
cule will probably be nidified when we know 
more of th^se properties which, like the relation 
between the volumS of gascslfhd the tempera¬ 
ture aifcl pressure? of €iese gases, are to a great 
extent, if not altogether, independent of the 
nature and numbers of thcxjonstitucnfc parts of 
molecules. The physical conception \yll pro¬ 
bably M modified as we lean? more of thoso 
properties which, like specific heat, are for 
the most pa%t dependent on the nature and 
numbers of the constituent parts of molecitles. 

( V . MoLECULA^ STRUCTURE OF MATTER, THEORIES 

regarding). 

Chemistry regards not only cluinges in the 
composition, but alsojlhanges in the properties, 
of bodies; she attempts to generalise not only 
the laws of composition, but also those of the 
mutual Actions, of Indies. The study of the 
B connexion! between changes of composition 
and variations in physical properties of chemi¬ 
cally reading bodies will throw light on the 
nature of chemieaU change. When accurate 
measurements lyive been made of the quantities 
of heat which disappear or aro produced in a 
series of typical chemical processes we shall he* 
able to ajjply to these processes the knowledge 
of heat-energy which is generalised in the ther¬ 
modynamical laws. Chemical change may then 
perhaps bo shown to' J be#i special instance of the 
working of thoso laws. The jo editions of che¬ 
mical change on the one hand, and of physical 
Change on the other, must be studied, in order 
that the laws which ojpre^* these conditions 
may be gained; the relations between .Uese two 
groups of laws must then be ascertained ; thus 
it may became possible to attain to clear mental 
images of natural phenomena as wffolcs which 
now present one aspect to the physicist and 
another to tho chemist. 

For account^of the various physical methods 
employed in chemistry, and resumes of the more 
important results, v. Physical methods. 

M. M. P. M. # 

CHEKftCAL CHANGE. Chemical science 
is based upon the hypothesis that matter is con¬ 
stituted of extremely small particles or atoms, 
and that these atoms are capable tnf aggregating 
together by virtue of certain inherent properties 
or forces, their affinities, to form complex atomic 
Structures or groupings. 

The recognition of this distinctive force by 
‘ the oldet chemists led them to propoumPvarious 
theories to account for its existence and explain 
the phenomena 1 of chemical action ( v . AfAnity). 

Wi|h the nature of this force we are not con¬ 
cerned here, but onl/wiA the phenomena that 
accompany its exhibition and the circumstances 
that modify its action. # 8 

By a chemical change, thijefore, is meant any 
alteration either (1) of the character of & per¬ 
mutation in an atomic group, such for instance 
as is exhibited in the change of ammonium 
cyanate, NH 4 CNO, into urea nXHJfiQ or (2) 
a permutation between two or Aore such groups, 


a3 AB + CD =3 AD + BC, which groups may be of 
“various degrees of complexity; or (3) the change 
may arise from a combination such as 
AB + CD = ABCD, or the converse of this, as is 
seen in the phenomena of dissociation. 

The majority of chemical changes may be 
formulated as permutation! between two sets of 
atomic groups; such as the action of bases on 
acids, tho decomposition of one salt by {mother, 
of the cAnbi nation betvften gaseous elements as 
IL + CL= 2I1CI. Examples of chemicafcchange 
Seconding to case (3) are of less frequent occur¬ 
rence than the last; such are tho formation of 
double salts lik^the alums^the combination of 
certain gaseous molecules with oxides, ifcc., as 
CaO + CU 2 #s CaCO, and CO 1 Cl a = COC1,. The 
number of strikingly marked instances that 
could come i^dcr tho head of ^emulations in an 
atomic group is very small, but such changes 
may be of frequent occurrence, producing altera¬ 
tions in physical and chemical properties too 
slight to be ••cognisable. • 

There are several bodies which are known to 
undergo remarkable and highly interesting 
physical, and consequently no doubt chemical, 
change^, when heated, but whether such changes 
come under class (1) or class (3) is undecided. 
Among such substances are phosphorus, pan* ' 
cyanogen, and eyanuric acid. In the case of 
fdmspliorus, tho change from tho yellow to the 
red modification, caused by heat or light, is 
probably due to an alteration in the state of 
aggregation of the atoms ; that is to say, if the 
molecule of vellow phosphorus ho P n that of the 
rcl modification is probably F in • for solid para- 
cyanogen, which is converted by heat into 
gaseous cyanoge^, and for eyanuric acid, the 
same may be true, with or without a re-arrange¬ 
ment among the constituent atoms of the 
molecules t ■•>. Allotropy and Isomerism). 

Tin* study of the phenomena attending a 
chemical change sho"’s that in many instances 
tlu-ro is an accompanying evolution of energy, 
from the. changing system, in one form or 
other, either as heat, or light, or as electrical 
current.-.,. In other cases'xo produce a chemical 
change expenditure of energy is necessaty. 

W'|at may ho the nature of the chemical 
force or affinity that acts between atoms is not 
known, but it is characterised from gravitative 
force by this difference, that whereas gravitation 
act upon all kinds of matter alike, depending 
morel;, *on the masses of the bodies, themical 
attraction or affinity depends upon tho kinds of 
matter that are presented to each other, as well 
as upon t)l»! coqplifiojtS under which ttA bodice* 
arc brought together; in othev words, it is an. 
elective attraction modifiable by circumstances. 
For instance, at a red heat metallic iron is oxidis^l 
by water vapour aiyl hydrogen is set at liberty, but 
at a lower temperature oxide of iron is reduced 
by hydrogen with the formation of metallic iron 
and watyr vapour; a mixture of hydrogen and 
chlorine will re/iain unchanged for any length 
<jf time in daftness, but fxposiye to sunlight 
will cause almost instantaneous combination,, 
and the resulting comp|und (hydric chloride) may¬ 
be again conversed into its original.^constituents 
by heat. If t8 a solution of silver nitrate apiece- 
of metallic copper be added, metallic silver ia, 
ppd., and copper nitrate formed; %nd if now to the- 
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copper nitrate a piece of zino or iron be added, ( 
metallic copper is ppd., and zinc or iron nitrate 
is formed. 

These illustrating are sufficient to show the 
relativity of chemical affinity as depending both 
upon the conditions\o which the system is sub¬ 
jected as well as upon rue qualities of the materials. 

• Un^pr whatever conditions a clfcmical 
system may exist in which a change is 4 happen¬ 
ing, tlte atomic forces fit work will ^ccntinueio 
act until a stato of more or less stable equili¬ 
brium is reached, rfiter which no further action 
will take pllce; and the ultimate limit reached 
will depend upon (jj) the relative quantities of 
‘ tho reacting bodies^; p.nd (2) the conditions to 
which the system is subjected. As\,he system 
passes from the initial to the final configuration 
there will be a"loA or gain of enfr’gy equal in 
amount to the difference between the total 
energy of the system in the two states. The 
rate at which the chap go lakes place will depend 
also upon the same two circumstances. These 
two statements amount to tins; that, represent- , 
in" a chemical change by the equation A + B - 
A' + B', all the atomic forces at work producing 
the transformation have not invariably the same 
„ ratios, but that the ratios vary with variations in 
CLc conditions as regards heat, light, Ac.; and, 
consequently, any determinations of the relative^ 
affinities of the members of the system can only 
be looked upon as expressing certain ratios that ( 
hold good under special conditions. The final 
state readied by the system, and the rate at 
which the change progresses towards that sta£e, 
vary with the relative masses of the reacting 
bodies, other things being equal, although the 
atomic forces or the affinities aunain the same. 
In other words the final configuration, and tho 
speed of attaining it, are each a function of the 
reacting masses and of the atomic forces, the 
latter being a function <^f the physical conditions 
to which the system is subjected. 

The phenomena of disfibcinfton furnish many 
examples of tthese facts; as # do also those 
systems which are limited by inverse actions and 
do not properly come under the term dissociation, 
wherein both the masses of the constituents as 
well as the conditions,especially as regaim heat, 
influence the change in its amount and rate. 
The great field olTcrcd for investigation by 
fractional pptn. will, no doubt, afford many strik¬ 
ing instances of the variations of tho ^affinity 
values under diverse circumstances when the 
subject is worked out. 4 

Fronythe foregoing consideration^; is clear 
a chemical system mayor iluynot undergo 
chango by virtue of any intrinsic forcos acting 
among the constituents, but that such will 
Mippen only according to the conditions to which 
it is subjected. Reaction^ wlijch at moderate 
temperatures take place with evolution of much 
energy may be completely suspended by lowering 
or increasing the temperature, including, light, 
or altering tho pressure; in o^er words, the 
forces or affinfacs resisting change, if greater 
than those tending to ffi'oducc an alteration 
under some jnrcumstanles, nyiy bo reversed 
when these circumstances are altq^ed. 

There ye, howevor, a number of interesting 
examples in w^ich the stability of a system 
seems be overturned by the mere presence 


of an extraneous body which itself - undergoes 
no appar^it change. For instance, oxygen and 
S0 2 do nttt combine, when moderately* heated, 
but if pas^d over spiagy platinqm flbmbination 
readily octurs. S'oifietimes again the inter¬ 
mediate body does undergo change, as when 
chlorine is passedover a strongly heated mixture 
of carbon and silica, yhcreas without the addi- 
tion of carbon tlm silictais rjpt acted *pon by the 
chlorine ; or, platinum, which itself is insoluble 
in nitric acid, may be refrder&l solublef in the 
same acid by alloying it with silver (V. post, 
Catalytic changes, a. .750). 

Som#‘ equalj^ remarkable instances of the 
apparent necessity of the presence yr a third 
body in order to bring about chemical action 
between two others have been noticed. Wanklyn 
(O.ty. 20, 271) found that perfectly dry ehloriqe 
gas has no action upon metallic sodium. Couper 
(C.J. *13, 153), starting from Wanklyn’s observa¬ 
tion, has examined tho action of dry chlorine on 
several metals that are aefrd upon vigorously by 
k the moist gas. Hy f ound that dry chlorine has 
no perceptible action on Dutch metal^vhercas 
with the moist gas coirfoination takes place, 
with production of heat aniyight; or o?i touching 
the metallic surface when in an atmosphere of 
dry chlorine with a drop of water, instant com¬ 
bination occurs. Couper examined a number of 
metals in the same way with the following re¬ 
sults ; the chlorine gas used was allowed to 
stand over CaCl., for several days to thoroughly 
dry it. Zinc, and magnesium, showed,oo action; 
silver, slight action; bismuth^ combination 
slow; arsenic, antimony, apd tin, rapidly acted 
upon. It is worthy of nfcte that these last three 
metals form volatile chlorides liquid at ordinary 
temperatures. With mercury, combination 
equally rapid, wi^h dry or moist chlorine. 
Potassium showed slight action, probably due 
to adhering KHO; with proper precautions 
against moisture, action was slow. Dixon 
(T. 1881, 617) has observed a sonifwliat ana¬ 
logous fact relating to the combination of gases 
under tho influence of tho olcctric spark. He 
has shown that if a mixture of CO and 0 be 
perfectly dried by P 2 O s , and be* then subjected 
to the spark from a large Leyden jar or a 
lUilimkorff’s coil, union docs not take place; if, 
However, the slightest trace of moisture be 
admitted to tho mixture, and the spark again 
made to pass, combination occurs. The hypo¬ 
thesis Dixon advances to account for these facts 
is that the intervention of water molecules is 
necessary to bring about combination, a molecule 
of water being decomposed under the influence 
of tho spark by one of carbonic oxide to form 
carbonifl adld and free hydrogen, the latter in 
its turn combining with the oxygen *10 form 
water : f this.' cycle of operations bejng repre¬ 
sented by the equations H z O + CO =» H 2 + C0 2 ; 
II 2 + 0-H 2 0; consequently a compaAtively 
small number of water molecules are necessary 
to e(Jeet complete combustion. (See also C. J. 
49, 94.) Phosphorustand carbon have been 
showy by Baker (< \J . 47, 349) to combine with 
oxygen less energetically in the absence of mois¬ 
ture^ than when moisture is present; and Ram¬ 
say and tfoung ( C . J. 45, 93) observed that if a 
mixture of dry IJ anfl N is passed through a 
tube containing iron filing? at a red*heat no 
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f^htej; With the moist gpses, how % 
ever, a tfabe of NEf, is obtained. 

AiipoTBopiG ^Change. 

Several of the elemenfary bodicsfrare known 
to exist in twa or more differgnt modifications, 
Buch for instance 4 s sulphur* selonion, carbon, 
phosphorus, and oxygen* the several forms of 
each elenlent exl^bif%nore ^>r less strongly 
marked difference in chemical as well as physical 
properties. It is probable that such different 
modifications of one elementary body consist, as 
in the case of oxygen an4 ozone, of different 
atomic groupings or aggregates*^ atonic. The 
means ojawhflfh the change from one modifica¬ 
tion of an element to another is brought about 
are various. Oxygen is converted into ozone by 
the eleotric sj^irk or * silent discharge,’ and ozone 
is changed again into oxygen by heat ; yellow 
phosphorus is converted into the red modification 
either by light or by heat, and thesred modifica¬ 
tion is again reconverted into yellow phosphorus 
at a higher temperature; sulphur and selenion 
undergo ^veral changes under the iniluoncc of 
heat; in tho caso of C&rhon, the conditions ne¬ 
cessary to oring abc^t metamorphoses are not 
fully knowh. 

The study of certain isomeric compound 
bodies (v . IsomkrJNm) has shown that the 
transformation of one isomcride into another is, ; 
in some cases, somewhat analogous to the. 
phenomena of dissociation. If solid para- 
cyanogen ^CN) n is heated in a closed vessel to 
800° it is entirely converted into cyanogen gas 
(CN) 2 ; the pressure increases until the gas con¬ 
denses and is liquefied Bn the cooler parts of the 
apparatus. At temperatures below 500° little 
or no decomposition occurs. As the para- 
cyandgen is heated above ^.his temperature a 
slow transformation tales place into gaseous 
cyanogen, and the transformation continues 
until the pressure of the cyanogen gas attains a 
certain definite limit beyond wliich # i£ does not 
rise, and there is no further evolution'^ gas. 
Exhausting the apparatus and maintaining the 
temperalure, the pressure again rises to its 
previous limit «nd remains stationary however 
long the heating is continued. For every such 
temperature there is a maximum pressure 
reached M^iich limits the further decomposite 
of the paracyanogerf into gaseous cyanogen. If 
now when thoi pressure has attained its limit, 
at a given temperature, a quantity of cyanogen 
gas is forced into the apparatus, the pressure 
Blowly falls to the initial limit with the trans¬ 
formation of gaseous cyanogen into solid para- 
cyanogen. Troost a. Hautefeuille (C. It. 66,735, 
795 ) have found the following values f$r these 
presaurA of transformation at different tem¬ 
peratures • * » 


*mp. 

Pressure of transformation. 

602° 

61 

mmi 

606 

60 

>» • • 

659 

• 123 

»» 

676 

,*129 

•» t 

687 

167 

»» 

699 

275 

»! % 

601 

318 


629 

• 868 

* • 

MO 

1310 



The transformation of solid paracyanogen 
1 into gaseous cyanogen is seen to bo analogous 
to the volatilisation of a liquid in presence of 
its own vapour; but the formation of red phos¬ 
phorus from the yellow material or vice-vcrsd is 
a more complex process. I J a quantity of yellow 
phosphorus is heated in l closed vessel (say to 
500°) * the mass of phosphorus being more 
than sufficient to volatilise in the spaced maxi¬ 
mum pressure is quicklj attained. After® time 
the pressuA) gradually falls, more or les*quickly 
According to the temperature, till it reaches a 
minimum at which it remains constant. Pro¬ 
vided there is no change pf temperature, the 
vapour of the phosphorus hi gradually converted “ 
into the ml modification which condenses on the 
sides of the apparatus, tf the quantity of phos¬ 
phorus introduced into the ^apparatus is just 
sufficient to volatilise and fill the vessel with 
vapour at 4ho first pressure (flic heating being 
continued), red phosphorus begins to form after 
a time, andIho pressure Continues to fall until 
the minimum limit is reached as before. If, 
however, only sufficient ordinary phosphorus 
is used to ill! the apparatus with vapour at the 
lower ^imit of pressure, no red phosphorus is 
formed, however long the heating may he con- 
tiiiucd.. These two pressures the maximuni'W^ 
first attained, and the final minimum limiting 
%ho transformation of yellow into red phos¬ 
phorus—depend solely upon the temperature. 
Troost and llautefeuille (A. Ok. [5J2, luff) found 
the following numbers relating to tlicso pheno- 


• 

Pressure of vapour of 

Maximum pressure 

Tuiip. 

p li mi ting the trails- 

of p vapour lirst 

jtormatiou 

produced 

360’ 

•12 atrns. 

3-2 atius. 

110 

1-75 „ 

7'5 „ 

4bi 

,! 1°- >' 


491 

13 

503 

<k • 

21-9 .. 

510 

U08 

k — 

511 

- « 

20-2 

531 

16 


550 

31 


i>7 

50 

— 


The rates at which the transformation takes 
place as well as other phenomena exhibited 
du ing^fche change have been studied b^Lemoine 
[A. Oh. [4] 24, 194). He give.i the following 
numbers illustraftvo of tlm progress of the 
change ii^Jime: _ » _. ^ 

Ordinary |Quantities of ordinary v remaining ut 



Lemoine ( C. It. 7JJ 690) has given a mathe¬ 
matical theory t>f the changes thaVcd or yellow 
phosphorus undergoes when heated in a closed 
vessel, and has compared his formiflffi with the 
results of experiment. Let p 3e the *otal mass 
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of material introduced into a space v, and let Wfnvcstigalfons. To make this dear, take the git 
be the mass of yellow phosphorus formed or nitrogen htroxide, whoso vapour density at low 

_ ... — ji —..1-- v t ,—-— t -ij *.. i _: 


existing at timo t; if &e red phosphorus be 
supposed to remaira in the same state of divi¬ 
sion throughout, its tree Burface will be sensibly 
proportional to its mass r-y. t The quantity of 
yellow phosphorus evolved, Sj/,, in timo 5 1 is 
equal tp a(r - y) H, and the quantity of tHe ordi¬ 
nary phosphorus, Sy„ transformed into the rgd 

modification in the same time is bit -ty) V Jf: the 
. v * • 

total effeet,is therefore the difference between 
these two quantities or 

dy = Sy t - Sjf, + a(r-y) -%(r -i/) V. 

which may be written 4? = f(g — y) (h-y), re- 
* ^ of it. 

presenting the rato of change in terms of the 
ordinary phosphorus existing. » 

For further account of Allotropic Changes 

v . Ali.oteopy. ' V 

INFLUENCE OF PRESSURE OS GASEOUS ClIASOES. 

Many bodies when subjected to tho influence 
of heat in tho gaseous state, undergo tnarked 
. qhanges cither in their physical or chemical 
properties, or in both ; such changes result more 
particularly in a diminution of molecular den¬ 
sity or a disruption of molecular structure. 


temperatlres has boen found to be npproxi- 
mately rejyesente^ by the lormula*N a O„ while 
at High temperatures it corresponds to N0 2 (the 
vapour densities being 3-18 and 1-59 respec¬ 
tively). Now Troost (C. if. 86, 1394) found the 
vapour density of nitrogen tetroxide at 27° and 
at low pressures An be aTtoliows: * 


Pressure. 

35 mm. 
16 „ 


Density. • 
1*6 

1-59 (NO, 


■ 1-59). 


These sr suits sljpw that the sami 


re chagg< 
as occurs 


;e takes 


the influence of heat at ordinary atmosplierio 
pressures; that is to say, these numbers indicate 
that, if the observed changes in dimsity are due 
to dissociation of the molecules N 2 0 4 into the 
molecules NO,, then under a pressure p tho ratio 
of the numbciv of moleculgp of N 2 0 4 to NO, is dif¬ 
ferent from the ratio whersthe pressure is altered 
to p\ temperature .being the same in each case. 
The proof of this assertion's of considerable 
importance in the thdbry of dissociation; 
whether the change in density is or is not to be * 
attributed to tho supposed fact, th&t tho gas 
N,0 4 forms an exception to the dilatation-law, 
would seem to bo capable K indisputable proof 
by introducing the clement of Kmc into the ex- 
Among such bodies may be cited, mercurous , periments. If tho gas N,0 4 is really dissociated 


chloride, chloral hydrate, phosphoric chloride, 
hydriodic acid, nitric peroxide, hydric selenide, 
amylic bromide, and acetic acid. In the easo^of 
some of these bodies the changes in ijuestfbn 
have boon proved to be the accompaniment of 
disruption or dissociation oft- their molecules 
( v . Dissociation); in other cases, such as nitric 
peroxide and acetic acid, there is no complete 
proof that the changes in density which these 
bodies suiter when heated in the gaseous stato 
are really occasioned fry a*dissociation of their 
molecules, or are due to tfte fadt of their vapours 
not obeying the dilatation-law fcven when sulli- 
cieiftly far removed fr*m the liquid state as to 
place Ihcm under the category of gases. Con¬ 
sidered from these two points of view, it is evident 
that the dilatation of a gas under the iiliuonce 
of heat may bo of a twofold character, arising 
from two distinctly separate causes; lirstl}’, the 
expansion may be purely physical, varying or not 
according to tho dilatation-law, and secondly, 
there may bo expansion as the accompaniment 
of a chemical change, viz.,* separation of tho 
gaseous, molecules into simpler grouy^ of atoms. 

observed variation of density at dilTerent 
temperatures may be produced by either of these 
two causes, or by both combiued, and it becomes 
therefore a matter of great importance to bo 
able if possible to discrimihat& f thcse two actions, 
and to say to which of them the observed results 
are to be ascribed. If it could be shown tnat a 
'diminution of pressure produced the same varia¬ 
tion in the densities of certain gas^s as has 
been observed 1 ’ undef 1 the influence of heat, # a 
great point would be gained in favour of the dis- 
sociation-thepry in setting tho cases under 
dispute. It^would seem possible that a dis¬ 
crimination between tho two possible phenomena 
accounting for abnormal densities might be made 
by introducing the element of time into such 


into NO, under diminished pressure, 2 vols. 
N,0 4 would give 4 vols. NO, ; nc#v, by the 
kinetic theory of gases it is co/iceivable that 
this dissociation would taky place practically in¬ 
stantaneously when thfe temperature was in: 
creased or the pressure was diminished, whereas 
on reversing the process the molecules of» NO, 
would require sony time before meeting with 
the requisite number of partners to re-form the 
molecules of N a O r Such an experiment might 
form a crucial tost of the truth of the dissocia- 
tion-hypotlyisis for this particulartgas, and it 
migh^ also bo applied to other cases, for it ia 
scarcely conceivable that the coefficient of dila¬ 
tation of a gas should alter in time. Natanson 
(IK. 24, 454) has determined ti o ratio between 
the specific heats of nitrogen tetroxide by 
means of Kundt’s dust-figure method; his results 
Ibom to show that as tho pressure decreases this 
gas passes from a more to & less complex mole¬ 
cular structure. o 

In the determination of the vapour densities 
of several bod res whose abnormal dilatations are 
almost undoubtedly to be ascribed to the disrup¬ 
tion or dissociation of their molecular struc¬ 
tures, the influence of time on the phenomenon 
has beqn sdVeral times observed, and has been 
made the subject of investigation by iVauiaann 
for th^ particular case of ammoeiium^carbamate 
(v. next page). 

Wurtz (C. B. 60, 7?8), jyhen determining the 
vapour density of amylio bromide (b.p. 113°) 
between 153° and 360°, noticed that when the 
vapour was suddenly heated to 225° the density 
was <‘•69, whereasShi another experiment when 
the vapour had been maintained at this tern- 
peyvture, for ten minutes the density was 3'68. 
These results show undoubtedly that the diminu¬ 
tion in density, thb dissociation produced by 
heating, required time to be effected, and flenoe was 
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trte to a chemical change and not to 4variation*! in bringing about dissociation, or disruption, o{ 
in the coefficient of .dilatation of the glp. the molecules of the gas. By introducing the 

Baumann (A. 160,1) studied the iifluence of element of time into the experiments, and by • 
time on tfie dissociationtfan^ ro-firemation of suddenly varying the pressure, dissociation 
ammonium carbamate ; tho follovwng t*bles might bo shown to occur in the case of nitrio 
illustrate the general bearing of his experi- tetroxidcas already rcniarlAd, tho processiuthis 
ments:— i case being doubtless rev'i'sible; whereas with 


Speed qf diBsociatiwj) of NH 3 ).CO, at 40°. 


Pressure under 

— 


the dissociation- 

Increase of 

Time of 

pressure, which 

pressure 

increase 

=351 mm. 



129 mmj* 

_ 4 

J 

37* 

87 mm. 

5 min. 

17 » 

20 

5 

10 

7 

5 . 

8 • 

4 

5 

4 

2 

5 

3 

1 

, 5 

2-5 

* -5 

’ 5 

2 

* -5 

5 

1-5 

•4 * 

5 » 

0- 

* * 1-5 

17 


£ 

Spcfed of formation a combination of 
2NH a + C0 2 ) at 20°. 


Excess of pressure 
over diasociutiug- 
* pressure 

(=62-4 mm.) at 20° 

Decrease of 
pressure 

Time of 
decrease , 

185 

mm. 

- 


_ 

140 


45 mm. 

2-5 mins. 

90 


- 50 

5* 

5 

63 


27 


5 „ 

45 


18 


5 „ 

' 30 


15 


5 „ 

21 

• 

9 

J 

5 „ 

15 


6 


5 M 

10 


6 


5 „ 

6 

4 

O" 

4 

2 

>» 

»1 

5 

/» „ n 

11 , ,t 

1 


3 

»» 

10 “ „ 

0 


1 

*» 

5 „ 

0 

** 

0 

»» 

6 


In tlicso two examples it is seen that, starting 
with a it^lss of solid ammonium carbamate (Neu¬ 
mann showed by h» experiments that at all tem¬ 
peratures thecas evolved consists of 2NH., + CO.,) 
and suddenly increasing the temperature, a con¬ 
siderable time is required be&ro the normal 
pressure of dissociation corresponding to that 
temperature is reached. In like manner, by sud¬ 
denly diminishing the temperature, the recombi¬ 
nation of tho ammonia with the carbon dioxide 
to iorift the solid (NH 3 ) 3 C0 2 docs not tdkc place 
instantaneous^, but a considerable-dime elapses 
before fhe pressure corresponding • to the 
lowei*temperature is arrived at. Although ana¬ 
logous in some respect?to the volatilisation and 
condensation of a liquid, the phenomena exhi¬ 
bited by (NHj) 2 C0 2 wher^heated are characterised 
by their greater slowness. # c> 

In experiments relating to vapours ot vary¬ 
ing densities—such as those of Troost on acetic 
acid and nitric tetroxide at low pressures—it is 
important to determine *whe<jher diminution of 
prcssufe acts in a manner similar to that of heat 


say, oaone, or a mixture of ozone and oxygen, 
the amount of change produced by increasing 
the volume, say, twenty-fold, could be determined 
Jjy the usrAil methods of analysis (cf . jiso Dis¬ 
sociation, and Eqcilihriumj chemical). 

s» 

Chemical Stjtkus. 

Considcrinjfthe three physical states in which* 
bodies areJcapalile of undorgoftig chemical change, 
either as gases, liquids, or solids, it is evident thai 
there are tw^distinct kinds o»^closses of chemical 
systems possible, according to the states in which 
the active «ubstanccs exist, and which may be 
termed heterogeneous and homogeneous systems. 
The formed name is applied to all reactions in 
which the active members of the system are in 
different physical states, a solid and a liquid, or 
a solid and a gas, or a liquid and a gas; as 
examples of each of these may be mentioned the 
action of acids on metals or on carbonates, the 
dissociation of calcic carbonate or ammonia 
hamate by heat, and the oxidising action of free 
►oxygen on solutions of stannous or ferrous salts. 
By homogeneous systems are to be understood 
those in which all the active members exist in 
tho same physical state, either as liquids of 
gases; it is inconceivable that two solid*bodies, 
However finely powdered and well mixed, could 
come under this category. Examples of homo¬ 
geneous system^ are shown in the numerous 
etherification processes, the oxidising action of 
potassic chlorate on ferrous salts, the action of 
oxalic aeld mi pot.wsic permanganate, among 
lipiids, and for gaseous systems, the action of 
iodine or selenion an hydrogen, and the influ¬ 
ence of light on a mixture of chlorine and hy- 
(Ivogiii or on gaseous hydriodie aqid. Many valu¬ 
able facts have been brought out hy the study 
of heterogeneous chemical systems, especially as 
regards dissociation-phenomena; but the great 
field^n which the must, fundamental facts con- 
! corning chemical action will l>o gathered is 
naturally thaten.biaeiug homogeneous systems, 

| for here the most intimate contact exists among 
t'c acting substances, affording free play to tho 
vari /hs chemical to ,- c r s at work, nnd4ho secon¬ 
dary physical changes which interfere with tho 
primary chemical change arc reduced to a mini¬ 
mum. * ' «* * 

Heterogeneous Systems. *-Gladstone and 
Tribe (Pr. lb, 408) have investigated the rale at 
which a n.-no positive metal immersed ir> a 
solution ox r. sal6of»a less positive one displaces 
the latter, and the relation which exists between 
the rate of action and the mass of salt in the 
solution. Employing a solution of argentic 
nitrate, tlio displacing metal being copper, and 
fallowing tlnMiction to eoptinuq>for ten minutes 
under varying conditions of concentration, they 
found that by doubling the amount of silver salt 
in solution the? amount of action yjiat took place 
during this interval of time was trebled. Zino 
and cupric chloride, zinc and cuptio sulphate, 
zinc and lead nitrate, iron and> cupric sulphate, 
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and other combinations, showed in every case, 
when the solutions were sufficiently .diluted, that 
this 2-3 law holds good. Expressed algebraic¬ 
ally, if y be the mass of metal dissolved, and x 
the concentration of me solution, then the above 
lok 

2-3 law iB y = ax !ou * where ct is a constant. 

These experiments have been repeated and ex- 
tendedeby Langley (C.*T. 45, 063), who con«‘ 
firms th* truth of Gladstone’s la\v;»but when 
the method of experimenting is modified, at by* 
continually Moving the metal about in the So¬ 
lution or by brushing its surface so as to keep 
'the solution uniform, throughout, Langley con¬ 
siders that the ra 1 & of action is proportional 
solely to the amount of salt in solution. More¬ 
over, Langley’s, cimeriments indicate that the 
law observed by Gladstone and iribe arises 
from two causes, viz., chemical potion, and 
gravitative action, the latter producing slow 
currents through the'solution becjluse of the 
changing densities of the original salts and of 
those which are produced in ttoe change. 

In studying the rate of evolution of carbon 
dioxido from marble by the action of cicids, 
Bojuski and Kajander (B. 10, 31) found that 
rate of action is proportional to the concen¬ 
tration of the acid, but varies according to 
the nature of the acid employed ; moreover, they* 
concluded that, for the three acids HOI, TTTlr, 
and HNO a , the speed of the action is inversely 
proportional to the molecular weights of the 
acids \vhen the solutions are of equal degrees 
of concentration. Paw hi w ski (B. 13, 334) lujs 
continued those experiments, employing differ¬ 
ent carbonates (J3aCO a , CaCO ; „ Sr0O 3 ) with tho 
same acid; although his results are not very 
regular, yet he considers them sufficient to show 
that the speed of the reaction is inversely pro¬ 
portional, not to the molecular weights of the 
carbonates, but to tho •atomic weights of the 
metals whose carbonates w;tc employed. 

Of a somewhat similar nature to the experi¬ 
ments of Gladstone and Tribe is the work of 
Thorpe ( C . J. 41, 287) the behaviour of zinc, 
magncAim, and iron, as reducing agents, with 
acidulated solutions of ferric sulphate, lijiown 
weights of these three metals in the form of 
thin foil were introduced into acidified solutions 
of ferric sulphate, and the amount of reduction 
effected —part of the liberated hydrogen coming 
off as gas—under varying conditions of tempe¬ 
rature, amount of free acid* and strength of 
the ferric solution, was determined. Tho re- 
M^atits obtained showed that the ^du^Kon effec¬ 
ted when a give# mass of zinc dissolves in an 
acidified solution of ferric sulphate increases 
with increase of temperature, other conditions 
being the same. Provided*a sufficiency of acid 
to dissolve the zinc be present, the maximum 
reducing action is obtained by concentrating 
the ferric sulphate solution, and dimimsl^ing the 
Mfiount of free acid. * 

When magq^sium js employee the feductioi^ 
effected is scarcely one-foyrth of that for zinc, 
while the time required fi|* solution is compara¬ 
tively very sjfort; by diminishing the quantity 
of free acid the amount of reductfon effected is 
increased, *The diminution in the rate of solu¬ 
tion with a deerfaso in the quantity of free acid 


\|as found ho be much greater in the case 1 <£ 
%Lignesiunr than in that of zinc; with zinc 
tt e rates Fwere approximately in the c ratios 
1:1*5:2, aUd, under like conditions wj$h magne- 
si im*, the rifles were asrl: 6:36. When the ferric 
sulphate is reduced by iron, the rate of solution 
b( .comes extremely slow, and the reducing action 
appears to decrease with increase of tempera¬ 
ture. These reduction- k <^>oriments, considered 
as a whole, seemP«o be in harmony with the 
the view that the reducing action of soncalled 
nascent hydrogen is connected with the existence 
of atoms, as distinguished from molecules of 
this gas: and that any conditions which tend 
to prevent the ^hutual combinaUon rf these 
atoms tend also to increase the a&ount of 
reduction effected by the hydrogen. • 

When phosphorus oxychloride acts upon 
certain nitrates, it has been fouhd that the 
ratio between the chlorine and phosphorio 
pentoxide in ^ the residue obtained after all 
action has ceased has a oertain definite value. 
Mills (P.M. [4] 40, 134, and 44, 506), who has 
Studied this reaction for several nitrates, has 
designated these ratios ^7 file symbol a, or 
weight of Chlorine 

* Cl* 

rather he has taken a as = — e tT^- 
weiglit of P,O s 

* P.,0. 

=*- - 4*06. When ono nitrate fixes 

weight of P a 0 5 

more chlorine, per unit of P 2 0 5 , than another 
nitrate, Mill says that the affinity of fhe former 
is greater than that of the latter 'nitrate; inas¬ 
much as this clilorine»fix 1 iig action can bo 
measured for several nitrates, the values of a, 
on Mill’s view,represent the ‘elective attractions’ 
of the nitrates. / 

If a be divided tl*o formula-weights, 2, of 
the several nitrates, calculated to a uniform 
mass of NO a , the following numbers (under q) 
are obtained:— 


9 

a 

-1- 

2 

Q 

Thallous nitrate 


8-78 

205-30 

’ 30-29 

Silver „ 


5-48 

»59-94 

31-01 

Lend „ 

• 

5-17 

105-56 

32-02 

Rubidium „ 


2-38 

147-40 

61-93 

tiaisium „ 

« 

2-21 

195-01 > 

88-24 

Potassium „ 

• 

1-99* 

10114 

50-82 

Sodium „ 

• 

1-70 

8C-05 

50-03 

Lithium 

• 

1-60 

09-00 

42-86 


These numbers show that the affinity-co¬ 
efficients are directly proportional to the formula- 
weights of t the nitrates, and that (with one 
exception) a and 2 increase and dimmish in 
regular ord^r. The quotients, q, therefor^ re- 
presentuthc masses of nitrates wfcich correspond 
with what Mill calls a ‘unit of elective attrac¬ 
tion.* # «* • 

, C k emical Systems of limited action* 
When a chemiijjil itaction is expressed sym- 
bolicfllly either as Ai + cd = ac + bd or a' + b' = o', 
it is usually understood that for the complete 
decomposition of the mass ab all that ia neces¬ 
sary is.t® bring it intq suitable contact with the 
dehnite mass of Aie second body cd, or ^hat the 
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jnjHi.'A r ii presented to b under propel condi- 
£ 6 &s* 9 j£U unite with it to form o'. iV many 
sheimoafj&anges this* is true, at least wJhin the 
iifSija of experimental error, and if slfficient 
imo bo-giveh; and it may^be ^aid tljt many 
processes of quantitative chemical anafyses afe 
jased on tjiis assumption. Ther^ are, however, 
nany instances known in which the statement 
loes not hold good. Formcdhiple, if mol. weights 
>f ethylie allohol aid aceticOkcid are mixed 
Mid hea^pd for soju^timo, say at 100°, only 
about 66 p.c. of the total action possible takes 
plaoe, no matter how long the operation is 
Allowed to continue ; or agaiflj if mol. weights of 
iodine an£ hydrogen are heatedsat 440° on a 
9 losed vesstfl, even after an indefinitely long 
period of time ^here. will still exist a certain 
fraction of these elements uncombined. Tlig 
imitation of t^ese and many other similar 
changes appears to be due to the fact that the 
products of the first action tend, under the con- 
iitions of the expferimen^ to re-form Hie original 
mbstances, and the twc^reactions proceed simul¬ 
taneously with different degrees of intensity, 
iepending i^pon the fnaa^es of material, until a 
jtage is reached at which a state of equilibrium 
fc attained, tiie first action at this stage being 
balanced by the second. Tho mutual action of 
alcohol and acetic acid would thus be repre- 
jented by the equatioi#, 

(1) CH,CO,H t- CfH.OH = CII 3 CO..C a H 5 + H,0, 

( 2 ) CH s co,c,n s V h,o=cii.ccxh t- CJI s OII. 

The theory of such limited actions was for¬ 
mulated by* Guldberg and Waage, in 1807 
[ftiudes aur les Affinitts chimiquca) and applied 
by them to the c'oteriniet^ion of the ‘ coefficients 
affinity * for several re. ; ;ti'.*ns. These 
shemists concluded from the results of tlicir 
jxperiments that in a system undergoing change 
;he amount 04 action in a unit^of time between 
;wo or more active bodies—in other worthe 
rate of the change—is proportional to tho 
product of the active masses. This same as¬ 
sumption wa# made by Berthcdot in l{jp2, based 
?n the results of his etherification experimci^s ; 
ind in 18Q6 Harcourt and Esson showed tuat 
for certain chemical systems the rate of change 
a proportional t* the product of the active 
aiasscs of the changing bodies. In the above 
statements the ‘active masses’ of the various 
todies meaw the number of equivalents of each 
present in the reacting system. There are in¬ 
stances, howeve^ in which bodies introduced 
into a chemical system either accelerate or 
•etard tho reaction without themselves under¬ 
going change (-v. post , p..714). Guldberg and 
iVaage assume that, in the reaction a + is - a' -f i»', ; 
f the masses of a and b be p and q , then the 
iorce tendmg to produce the change vaifes %s tho 
product pq % whatever may be the kinds of mat¬ 
er; for two nartiaular substances thisf for§e is 
jqual to xpf, where k is the ‘coefficient of 
ifflnity * aepending upon the kinds of matter, 
tnd probably upon the conditions of the experi- 
nent (v. ante and also Affinity, pp. 70»75). 
L'his,however,is not the onty force acting; thefe 
uro others of a secondary chaJtfbter tending»to 
•etard or accelerate the formation of a' and b'. 
Neglecting these secondary forces for the pr%- 
lent, let the masses of a' and b' be »' and q', 
tad the coefficient of affinity tor the reverse* 
Vol. I* 


action a' + b' «• a + b be then the for ce tending 

re-form a and b equals n'p'qC When equili- 
1 -ium is attained these two forces are equal, or 
a Tq^K'z/q', so that if the four quantities 
1 7 yP\<l » are determined experimentally, the ratio 

. - of the coefficients of affinity may be found. 

* • 

: 1 xpresstyi in another way, iff p,q,p',q', be the’ 
! ifnnber o^equivalents of the four substances in 
tlie^v stem at the beginning of the reaction?and 
if x bo tho npmber ol equivalents of p mid q 
triftiston^cd into r' and q' when equilibrium is 
reached, or no further change Lakes plfcco in the 
system, all expressed in terms of unit volume, 
then p**v—x, *g=-q-ic,' j>’^v' + x t and 
5 ' = ci' f injferting these villas, the equation 
becomes k (v - «)(o - a-) = -1 ,r)(q' + x). 

Such is the simplest representation of the 
theory of limited actions. The'piesence, how- 
ever, otextraneous salts, or even tho secondary 
actions among the four bodies themselves, 
j doubtless matqfially influence tho ultimate limit 
I when a state of equilibrium is reached. For 
; iifttance, if a body x be introduced into the sys- 
I tern, Guldberg and Waage assume that the force 
j produce^ by the action between x and a, and 
1 influencing the change between a and 11 , is propor¬ 
tional to the product of x and a, or is equal to - 
a ax, and they term a the ‘coefficient of action.’ 
Assuming that there are coefficients of action be¬ 
tween all the four bodies- these coefficients being 
», b, c, and d , for a and a', a and n, n and a', and 
b and b', respectively, and a\ b\ c\ d\ for a' and 
a, b and a, a' an 1 n, and b' and b, respective— 
then*the total force for tiie reaction between; 
a au(J b will be equal to 

npq + app' + b^i' \ cqp' -v dqq', 
and that between* a' and b' will bo equal ta 
it'p'q’ + a'p'p + b'pq' + c'p'q + d'q'q. 

But that thev«. may be equilibrium these forces 
must be equal. Writing a —a' a, b b' = fi t & c., 
the equation of equilibyunfcbecomes 

. k p<i = K W + g vv' i vip' + W- 

If it is desired to, study the rate which the 
reaction progresses, then this rato is assume^ 
to he measured by the difference between tha 
two forces or * 

■ d ^ t ~ *W - “7 '!>' - W - v >'? - <hi'- 

^Owing to their complicated character, these 
equations for the limit or the rate of a chemical 
change ai v of little value from an experimental 
point of flew; it womd seem scarcely possible 
to determine tho mfmorous secondary forces 
Guldberg and Waage introduce into their for¬ 
mula). In ^uch M. case as the action between 
barium sulphate and potassium ^carbonate the 
secondary actions to be taken into account arc 
between BaS0 4 and BaC0 3 , BaSO, and K 3 S0 4l 
K 2 CO m and BaC0 3 . and K.SO*, and be¬ 

tween the water ana each of the four salts. Foi 
a full discussion of this theory in its simplei 
form applied to # experimental results see Guld¬ 
berg and JVaagp, J. pr. [2] 19, 69 (v. alec 
AfAnity, p. 75). • • 

Berthelot and Saint-Lilies [A. Ch. [3] 65 
385; 66 , 1 ; 68 , 22 §) weij the first k> make a 
complete study ^f the reactions betwSm carbon 
acids and alcohols, as regards the influence 
exerted by variations of temperature, pressure 

• 1 8 * 
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amounts of material, and time. They found 
that these reaotions are characterised by three 
important features: (1) thecombfnation proceed! 
slowly, with a velocity depending upon tbp 
influences to which the system is submitted): 
(2) the combination is never complete, however 
long the duration of contact; (3) the proportion' 
.of ethereal salt formed under diiTorentconditionf 
always tends towards a limit. ’ j 

ifie inverse action limiting the folmatiop of 
fhe ^thereal salt, via its decomposition by the 
water formed during the reaction! was found to 
be muoh teas rapid than the combination. In 
other words, if two systems are employed—ono 
consisting of eth$ic.alcohol apd acetic acid, the 
other of ctliylys.acetate and water -all in 
equivalent proportions, the first bf these will 
attain the limit of equilibrium more quickly 
than the secenAunderlike conditions. Berthelot 
(A. Ch. [3] 00,113) concluded that in the forma¬ 
tion of the ethereal salts 1 tlier quantities of 
acid and alcohol that combine at each instant 
are proportional to' the product LI the reacting 
masses.’ He gave the formula for expressing 

the rate of formation as ^=«k( 1-M ) \ for 
dt \ a l I 

equivalent quantities of alcohol and acid, where 
ltiuj is the limit, which for acetic acid is = 66*5. 

According to the theory of mass-action, the 
rates of formation of ethereal salts, as well as 
the magnitude of the limits, ought to be in¬ 
creased by an increase in either the amount o f 
alcohol or of acid. As regards the ultimate 
limits, this was found to bo true by Berthelot 
and* Baint-Gilles, but for the speed of etherifica¬ 
tion they found that with n equivalents of alcohol 
and one of acid there was (at least for part of 
the course) little or no increase over that for 
equivalent quantities; in fact, a diminution in 
the rate was observed. On the other hand, with 
n equivalents of acid and one of alcohol the 
rate of ethcrificatio^i was greatly accelerated. 
The following two t&bles illustrate these 
points (A. Ch. [3] 06,110, 98f 
o * 

l‘eq. acetic acid + ^ cq. alcohol. Temp. 100°. 



n 

= h 

ft ' 

= 2, 


= 5, 


acid 

= 100, 

acid. 

= 100, 

ac'T- 

-100, 


| limit=l00 

| limit=100 

limit 

,= 100 

«h. 

25-8 

38-8 

27-8 

33-8 

17-5 

19-3 

15 „ 

47-4 

71-3 

44*0 

63-2 

31-3 

31-5 

83 „ 

600 

91 >1 

72'2 

87-1 

72-2- 

79'4 

If 

!q. alcohol + 

n cq. acid. T- >np. 100°. 


n= 

= 1, 

n = 

= 2, 

n- 

= 5, 


acid; 

; 100, 

acid: 

= 100, 

acid = 

= 100, 


limit 

= 100 

limit 

,= 100 

limit 

= 100 

4h. 

25-8 

38-8 

47-1 

54*9 

57-0 

59-4 

16 „ 

47-4 

71-3 

74-4 

86*7 

900 

100 

83 „ 

60-0 

91-1 

79-2 

92-5 „ 

90-C 

100 


The variation producod in the limit, or 
maximum amount of ^thereal salt formed, by 
employingj,‘excess of one or other of the con¬ 
stituents is illustrated by the following tables 
{A. Ch. fa] 68,274, 28C);— 

i 


1 e<J, sell+n eqs. alcohol, 
limit 

66'5 p.o, 
77-9 

82-8 . 
85-6> i‘ 
88-2 
9Ch2 

92- 0 

93- 2 ■ 

95 *? 

neutral to 
litmus. 


it eqs. acffl+1 eq. alcohol 
n limit • 
10 68-5 p.o. 

• -67 Si-9 

•60 » 41'4 
•36 80-6 

•S3 29-3 

•25 220 

■18 171 

•08 . 7-8 

" -05 # 6 0 


The action ot iv organic acids on alcohols has 
been ..investigated by Villicrs (A. Ch. [6121, 72); 
but in these processes socondwy reactions that 
aro liable to occur complicate matters somewhat. 
With a given alcohol, the speeds of etherification 
Ot tho acids III, HBr, HC1, and H 2 S0 4 , were 
found to be widely different. HI etherifies more 
quickly than HBr, and each more quickly than 
acetic acid; whereas HC1 acts with extreme 
slowness, even muoh ihore slowly than acetic 
acid. H KO, etherifies almost immediately 
under ordinary' conditions but the speed is 
diminished by dilution, as well as oy lowering 
the temperature. Tho otherificatio'A limits afe 
100° are different for the three liyjraoids, and 
arc greater than tho corresponding limits at 
lower temperatures. Tl‘« limits also depend 
upon tire proportion ot water which exists in 
tlio initial mixture, but while the limit diminishes 
in the case of organic acids in a continuous 
manner as the water increases, without actually 
becoming nil , the etherification by hydracids 
ceases completely with a certain dilution, and 
this limit of dilution is ..ot fixed but rises rapidly 
as the temperature rises. With HjSO,, the 
etherification is completely stopped with a cer¬ 
tain proportion of water, but, contrary to what 
occurs with the ,'yd,«cids, increasing the tem¬ 
perature to 100° does not cause the reaction to 
take place. From a consideration of the work 
of Berthelot and Saint-Gilles on the rate and 
conditions limiting the etherification of alcohols 
by organic acids, it would seem natural to con¬ 
clude that tho application of tho methods em¬ 
ployed by these chemists to the various cases of 
isomerism among alcohols and'acids would yield 
important results relating to the structure ot 
'such bodies. For the purpose of discovering 
whether any relation exists between the rate and 
limit of etherification and the homerie structure 
of either of the two active bodies taking part in 
the reactionrMenschutkin (A. Ch. [6] 20, 289; 
23, 14; J.pr. [2] 24, 49; 25,193) has made an 
elaborate study of the action of organio acids 
on alcohols. In order to render ail the results 
comparable with each other it was necessary to 
assuiAe two standards for reference, one fr>r the 
alcohols and another for the, acids. Methylio 
alcohol was chosen as the standard alcohol; 
and formic acid as the standard acid. -The two 
characteristics chosen for measurement were 
(1) the initial speed of etherification, or the 
amount of action that takes place in the first 
hoyr, and (2) thsifinal limit of theprooess; these 
Mensehutkin terms the ‘ etherification-data.’ 
For the • methylic-acetio ’ system Mensehutkin 
took the limit as equal to 100; thab is to say, 
out of'equal nombAs of molecules of methylls 
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ataoHol and aoetio acid (in thfs case 114) only 
100 moleonlea i were converted into Siethylio 
acetate «when 'the system reached ^ late of 
equilibrium^ of these 10(1 molecules, JBO were 
formed during the first how of action. J 
. The following table contains the * etherifica- 
tion-data * for the primary alcohol employed:— 


Alcohol . * 

„ , ‘ . A • 


Speed 

Limit 

Methjdio, HCH.eifr .' 


80 

100 

Ethylie, CH,fiH 2 OH . 

» 

G7-3 

95-0 

Propylio, C 2 H s 0H..0II . . 

• 

60-9 

90 

Butylio, C a H%CH.,OH . * 


67-4 

90-6 

Octyliojrt . 


► 67-0 

« 


The influence of isomerism on etherification 
among the primary alcohols was investigated for 
the case of isob^tylic alcohol; the data obtained 
were 

Isobutylic, C 3 H* 7 CH 2 OH, speed = 64*61imit = 966. 
These numbers show tlrttt the limit is^m affected, 
but that there is a small decrease in the speed. 
The unsaturated pymary alcouols showed less 
facility for forming etlftrs, the reaction in their 
«ase progressing much lpss rapidly, as the follow¬ 
ing number® show'* 

speed limit 

Allylic alcohol, CM,CB,0 H, 61-9 85*3 
Propargylic alcohol^C.HCHoOIT, 29*5 ? 

Benzylic alcohof, CgHjCII^OH, 54 G 87 3 
*For the secondary alcohols, the phenols, and 
some other alcohols, the following etherification- 
data were obtained:— 


• 

Speed 

Limit 

Dimethyl* carbinol (CILUJIIOII . 

38-2 

8(5-9 

Methyl ethyl 


(CII,XC,1I.)CH0H. 

325 

85-2 

Diethyl 


(C g II.) a 01lOlt . 

24-3 

84-2 

Isopropylmetln'l 

„ 

(CiI.XCJI/9 /’ITOll 
(C a H g )(C?U-» n )i:ilOll 

27-2 

85-2 

Isobutylethyl 

„ 

26*2 

? 

Hexylmethyl 


(Oii,)( c„ii, g )cuori 

3 Cl 

? 

Ethyl vinyl 
Diellyl 


(O a n g )(C. J H,’>CK01I. 
(C,H g ) a CHOJ:I . 

2.\3 

115-3 

75-1 

72 

Kthylphenyl • 


(C.H.xc.n^CHorr. 

-27-2 

? 

Diplienyl 


(Cjl.hCHOH . 

31-6 

? 

Phenol 


C.l!..OJi . 

2-0 

. 2-4 

Paracrosol* 


c.u 4 cn v on . 

3-7 

13-7 

Thymol 


0 X 1 , 011 , 0 , 11 ,. on . 

1*4 

13-6 

a-Naphthol 

m 

0, o IT,.01T . . 

? 

8-8 

Glycol 


CHaOH.CH.jOH. 

617 

77-4 

Glycerin 

„ 

(OH a oii) a ciioii . 

52*2 

6(1-2 

Krythrite 

„ 

c 4 ii fl (on> 4 

34 

67-6 

Mannite' * 


c.n g (on i. 

— * - 

29-0 

38 * 


Menschutkin (J^pr. 25,193) has also determined 
the initial speeds and limits for different organic 
acids, employing ono alcohol (isobutylic), and 
taking formic acid as the standard of reference. 
The following results were obtained: 


Acid 


I TOrmfo CIT.O,T 
Acetio C,II 4 0, a . 
Propion. 1 C 4 ir,u t . 
Butyric 0 4 ll,0, . 

Caproic 0.H,,0, . 
Caprylio O.H..O. . 
Hydrosorbio C 4 H, 4 O a . 
Phenylacetlo C.H.O, 


Crotonic O.H i .OO,H . 
Cinnamic 0,H a (C g H g )C0,H 
TrimethacftUo O g H I# O g • 
Dimethcthaoetio 0 g H„0, • 
Borblo OJiyO. • • • 


Speed 

a 

Limit 

100 ‘ 

100 

*71-9 

104-8 

60 7 

•106-9 

6.i-0 

108-2 

63(i 

108-7 

.50-0 

110-3 

69-7' 

100-4 

791 

M 15 

66-2 

11«-1 

43-4 

108-2 

30-3 

rt4 a 

19-6 

112-3 

1&7 

ink? 

11 8 

llfl 

* 48 

116-4 

12-9 

H6-ar 


Acid 

Speed 

Limit 

3enzoic 0,H t 0 g . 

13-9 

113-9 

ntrobcnzoic C,H g (NO g )0, 

40-1 

114-3 

?aratoluylia C g H,O g . 

10-7 

119-1 

3umluio C, # H ia O. 

10-1 

1181 


From the foregoing numbers Jt is seen that 
he ratgs of etherification of the secondary’ 
»^3lds are *much less than those of the primary 
acids, but that the limits show only slight faria- 
tions. The speeds of ethtrification of tl*a ter¬ 
tiary acids aro less than thoso of either the 
primary or secondary acids, Iftit on* the other 
hand the limits are greater. For a full discus¬ 
sion of the valiife of etln'rifllaUon-data as a 
means of -determining Kc*nerism among 
alcohols ana acids see Menschutkin (J. vr. 
[2] 2G, 103; also Z. P. C. 1, Gill. 

The theory limited chemical feaotions hii3 
been formulated in a simple mannor by Van 't 
Hoff ( B . 10, GG9) for tho particular case of 
etherification,-but essentially in the same 
manner as Guldberg and Wan go have done in 
ijteir general treatment of this chemical pm 
blcm. If the systenf initially consists of one 
equivalent of acetic acid, k of alcohol, and q of 
water, then when the quantity e of ether has 
been formed, there will still remain of acid 1 — 
of alcohol k — p, and of water q + e ; consequently 
the rate at which ether is still being formed is 
expressed by 0,(1 — *)(« — «), and the rate of de¬ 
composition of tno already formed ether by the 
water by C 2 « (q + «). When equilibrium is at¬ 
tained these two expressions must be equjJ^_or. 
C,(l.e) (K-f) = C. z f(q + (). £or equivalent quanti¬ 
ties vf acetic acid and cthylic alcohol, or #c--l 
and 2-0, Bertholot and St. Gillcs found the 

limit to be about g8g p.e., or « = Inserting 

these value s in tho equation, the ratio of the two 
constant 0, and 0 4 is found; or 0,-40,. The 
equation now becomes*4(i «f) (k -€) = e(q + «) from 
which the maximum quantity of ether capable 
of being formed when various amounts of alco¬ 
hol or water are employed can bo calculated. F®r 
instance, if k- oo , i.e. if tlnoalcohol is unlimited 
in amount, * = 1, that is, all the acid is changed 
into ethical salt ; if q — oo , i.e. if the water is un¬ 
limited m amount, * 0, or no ether is formed. 

These results arc merely tho extreme cases of 
what experiments have proved to be true between 
thosj limits of k and q which have been tried. 

Formation of Ardanilidc .—In a study of the 
formation of acetanilide, according to the equa¬ 
tion C (i H 5 NII 2 + 0„H ,<\ = C (1 H,(C,11 :1 0)HN + H*(), 
Menschutk#if (J. jor. *ifi, 208) found that, although 
in the processes of etherification the final limit 
of tho reactir . attained after an indefinitely 
long interval of time is practically uninfluenced 
by change of h-mi*..-ajure, in this example the 
limit is material!^ decreased as the tempera¬ 
ture increases. The following results show thi* 
decrease*— 


Tcniff, 

Limit. 

T00° 

85r05 p.o 

125° 

83-11 

135° 

82-39 

145° ‘ 

8122 

155°* 

79-61 


Another remarkable fact was noticed in this 
. • 3«a 
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reaction, and one which is apparently at variance 
with most experiments relatingjto the action ft 
mass (see Berthelot's etherification experiment , 
ante). In any chemical system undergoing chang 
comprising two or more active bodies, the ra 3 
of change is generally accelerated (v. p. 74 I 
by an increase ip the amount of any of tl ■ 
active bodies, and this increase in the rate < 
more or less proportional to the quantity c f 
aotRB substance added. But in the formation 
of acetanilide, with *. constant amount of acetic 
acid, an increase in the quantity of aniline Ve- 
tards th® actisn, according to Menkcliutkin, 
although the final limit is increased as the 
theory of massXictkm requires. The numbers 
under ‘ speed ’ showing this iact represent tho 
amount of action after 15 mins. u 


Molecules aniUiuv with] 
one mol. acid 

Speed S' 

i 

Limit 

i 

31-71 

79-68 

2 

28-71 J 

91-65 

3 

23-15 

94-61 

4 

— 

96-17 * 

8 

17-13 

97-22 

-i 


However, when the aniline remains constant 
•and the acetic acid is increased, tho law of mass- 
action appears in the normal way (t>. also Ar- 
irorrv, p. 85). 


Molecules acid with 
one mol. anilino 

Speed 

Limit 


34-71 

79-68 

2 

67-30 

9(V88 

4 

78-08 

99-30* 


Division of a base betiSeen two acids. 

When a mixture of two acids acts on a base, 
or two bases act on one acid, the two acids in the 
first case being more than sufficient to combine 
with the base, or tho two bases in the second 
case with the single arid, it "is usually granted 
that the bass divides itself between the two acids 
or the acid between the two bases in definite 
ratios. Or if an acfj acts upon a salt in solu¬ 
tion, Cs nitric acid on potassic sulphate, a defi¬ 
nite amount of change takc3 place rewriting in 
this instance in tho formation of potassic nitrate 
and sulphuric acid. If the ratios in which such 
divisions occur were known they might afford 
measures of the relative affinities of the acting 
bodies for tho particular conditions of tht‘experi¬ 
ments. Such ratios have'Been determined for 
a great^mnny acids by Ostwald, with most im¬ 
portant results. (For an account or this work 
v. ArriNirv.) <- 

Pattison Muir (C. J. 33,27; 35, 811; 36, 60) 
as Studied the conditions affecting tho equili- 
rium of certain chemical'-syktems wherein pps. 
are formed, with the view of* determining the 
relationship between the concentrations of the 
^solutions, the ratios between the, activt bodies, 
find the influence of heat on the equilibrium 
ratios. An investigation someVliat similar to 
this was conducted by Morris (A. 213, 233). 

Frevftional Precipitation. 

It has, linen shown (ante ; and v. Affinity) 
that if a mixture of two acids iB allowed to 


aot uptft a single base, or ol two oases on a 
single asid, the ratio in which the base divides 
itself bltyeen the two aoids, or the aciibetween 
the tweibases, depends upon the relative quanti¬ 
ties or losses of thrmaterials in the system, as 
well as upon the strength of the affinities acting 
between the sgvcral bodies. In like manner, if 
a pptant. is added to a solution, containing two 
or more salts of diffqpint metals^ the mass of 
the pptant. beiilg- less than is required for com¬ 
plete ppn. of all the saltrilnHhe solutitti (being, 

say, 1th of the to^al necessary) then the ratios 

of tho quantities of the salts <tecomj>«6ed—or of 
the hydrates, carbonates, &o. formed—depends 
on (i) the relative masses of tfee substances in 
solution, (ii) the relative affinities of the salts 
or the basic powers of the oxides with reference 
to the pptant., and also (iii) on tho fraction of the 
total material that is ppd. 

This highly interesting subject of fractional 
ppn. has been as yet investigated but to a very 
slight extent; it-would, however, seem to promise 
in tho future a fertile ficJ-1 fbr the determination 
of what might bo called the relative basiq 
powers of different oxides or hydrates. If, for 
example, a solution contains two salts of different 
metals, the basic powers of whose oxides are 
different, and if a small t. action is„ppd. (say as 
hydrate), there will be a tendency on tho part 
of the less basic material to accumulate in the 
pp. in preference to the more basic, and this 
tendency will be greater as the difference between 
the basic powers is greater. IS the basic powers 
differ but slightly, then the increase in the ratio 
of the less to the more basic material will 
progress very slowly by repeated application of 
tlie process of fractional ppn. If in the extreme 
case no such difference exists under the condi¬ 
tions of the experiment as regards temperature 
and quality of the pptant. (tlio ratio of the basic 
powers may and probably does vary’with tfie 
temperatuie), then tho ratio of tho T.vo materials 
in ^ie small pp. will bo the some as that in tho 
original solution, and consequently, howover 
frequently tlie process may be repeated on each 
fraction formed, no separation Vill be effected. 

At the present timo thcro are a number of 
elements known belonging to tho earths, for 
‘tlie separation of which the only nftthod that 
lias yet been discovered is that of fractional 
ppn., or fractional fusion; in ‘both cases the 
separation denends on the differences of the 
basic poweri 1 of the various bodies. Such, 
for instance, is the separation of the three 
elements, samarium, didyminm, and lanthanum, 
from each other; or holmium, thulium, and 
orbital); A again terbium from yttrium. These 
separations are so extremely tedious, requiring 
tho applicktion of fractional ppn. to v bo repeated 
a very great number of times with but relatively 
infinitesimal yields oC finally pure material, 
that it-is evident that the differences in basio 
power*, 1 must be extremely small, more particu¬ 
larly in the cases off" aamqria-didymia, yttria- 
terbfo, and holAfe-thulia. This process lor 
effecting the separation of these earths is 
rendered all the more uncertain and difficult 
owing to the want offsets drawn from the study 
of fractional ppn. of other bodies bearing upon 
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in# Mfai oonauions under whioh thelprocess 
should be conducted (v. Earths). 1 

Ohiipdski (A. Suppl, 4, 226; J. 1«G6. 12) 
1ms investigated the subject of fractional ppn. 
for the case of magnesium wid calcium #lorides 
by phosphoric acid. This chemist raiploy^S 
solutions containing the two st|Jts in varied 
proportionc; to these solutions ho added a 
constant quimtity of ph<*gpnoric acid insufficient 
for complet?ppn., tncn amnffhia was added, 
and he fletermineg fee amounts of calcic and 
magnesia oxides in the pps. The composition 
of the pps. was found to xary with the ratio 
of the amounts of calcic ana magncsic chlorides 
in the actions,ibut to be nearty independent 
of the quantity of water used for dilution. Jiy 
increasing the amount of calcic chloride in the 
solution, the magnesio chloride remaining con¬ 
stant, it was faund that the lime passed into 
the pp. in greater quantity, while the amount 
of magnesia decreased; with the calcium salt 
constant, the magnesit^ohloridc beinf increased, 
the reverse occurred, but to a less marked 
degree. Those variations took place in a 
regular maaner as file composition of the solu¬ 
tions variefl. 

Mills, in conjunctiva with others (P. M. [5] 
13, 169, 177; and Pr. 29, 181), lias studied 
the fractional ppn., by means of sodium hydrate 
or carbonate, of seferal sulphates, taken in 
pairs under varying conditions of mass, with 
thte view of determining the relative facility 
with whioh one sulphate is decomposed in 
presence of Another when an insufficiency of a 
pptant. is addcd*to the solution. 

In one set of exj&r#nents in which nickel 
and manganese sulphates w.ae employed, the 
following numbers were obtained; each solu¬ 
tion contained 1 gram of material made up to 
100 c.c., and 10 c.c. of a solution of Na.XX) 3 
(*6716 gram Na 3 C0 3 ) were added:— 


NISO* 

MnSO* 

NiSO* 

PPd. 

MnSO, 
ppd. * 

Temp. C.° 

•1 grm. 

•9 grm. 

•0953 

•5850 

12?) 

•2 

•8 

•1852 

■4010 

13*0 

•3 

•7 • 

•2799 

•3766 

12-5 

•4 

•6 

•3588 

•2976 

13 

•5 

•5 

•4305 

•2450 

13-6 

•6 

••4 

•4788 

•1530 

12-8 * 

■7 

•3 

•4991 

•1089 

17 

•8 

•2 * 

•5584 

•0722 

17 

•9 

•1 

•5841 

•0303 

152 


From these numbers it is seen that the ratio 
of the quantities of material ppd. varies con¬ 
tinuous!^, and in the same manner #s the ratio 
of th% amounts of Balts employed; witlf equal 
masses of Jhe t*o sulphates in solution fee pp. 
oontain# much more nickel than manganese; 
hence it is at once inf«ri#d that the basic power 
of manganous hydrate or oxide is greater than 
that of nickel, since the less basic a material 
the greater its tendency |to be affected by*tlie 
pptant. ' •• | 

Extending these experiments performed in a 
uimilar manner to mixtures of nickel aid cobalt 
sulphates, but employing sodia hydxate instead 
of carbqpate, it was found thA-these Wvo saUa 


have almost equql degrees of preoipltability; that 
to say, if the two salts exist in the solution in 
e ual amounts they will accumulate in the pp. 
i about equal quantities; or, with varying 
q lantities of material, the ratio of the amounts 
( the two salts ppd. will be approximately 
• jual to the ratia initially in the solution; in 
( -her words, the basic power! of the two salts. 
n -e aboeft equal. (For the tl^bory of fractional 
pptn. see Hood, P. M. 1886.1 

Reduction of Oxides . 

The Conditions that affect <the reduction of 
metallic oxides by hydrogen, carbon monoxide, 
and carbon, have icon examine^ by Wright and 
Luff (C. J. p, 1, 609; 36, ; 37, 757), the 

type of the reactions being represented by the 
equation a + bc=--ab + c. The results have 
important praHical bearings o*# metallurgical 
operations. Tho temperature at which reduc¬ 
tion commences is a function of (1) the physical 
conditions of the bodies experimented with, 
(2) and the clftmical nature of the substances. 
With CO as the reducing agent, the temperature 
at which action begins in the case of cupric 
oxide varies from 60° to 140° according to the 
state of aggregation of tho copper oxide; for 
ferric oxide tho temperature ranges between 90^ 
and 220°. Tho reduction by CO of copper oxide, 
prepared by ppn., is well marked at temperatures 
bclbw 100°, but at 100° it becomes very enor- 
getic. The initial action of H on copper oxide 
was found to take place at temperatures ranging 
between 85° nnd 172°, and on ferric oxide be- 
tweqji 195° and 265°. When carbon ws^Hh- 
plojwd as the reducing ageitt, the temperature of 
initial action varied not only with the physical 
nature of tho metallic oxide, but also with the 
quality of the carbon ; tho temperature limits for 
copper oxide wc .e 3.10° and 41 O' 3 , and for ferric 
oxide 430° lo 450°. Jiy comparing the tempera¬ 
tures of initial action for a given kind of me- 
taliic oxide, it was in^arffibly found that that 
reducing agent Ixfgins to act at the lowest tem¬ 
perature which Irtis the greatest he#t of combus¬ 
tion, so that tho heat disturbance during fts 
action has (a1gebraically)*the greatest value. 
Thus H always begins to act at a lower tempera¬ 
ture tli A carbon, and CO at ft lower temperature 
than II, as the following table shows for different 
specimens of metallic oxides:— 


• 

CO 

• 

11 

Sugar 
O * 

C from 
CO 

Cupric a . 

(“»()' 

85° 

390°« 

350® 

* . 

125 

!75 

430 

350 

c . 

140 

172* 

440 

430 

Cuprous oxide 

110 

155 

390 

345 

Ferric oxide a - 

202 

200 

450 

430 

„ B •• 

*10 

195 

450 

— 

.. O . 

220 

215 

450 

430 




Comparinf cupric and ferric oxides prepaid 
by analogous ft processes, *and therefore pre¬ 
sumably in much th^ same physical state, it 
was uniformly found that the temperature of 
initial action of tfgivexrreducing arent is lower 
on oxide of cofper than on oxide ofJron, as the 
following numbers show:— 
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00 

4 

Sugar 

Ofron 

OO 

Oxides pre¬ 
pared by pre¬ 
cipitation . 
Oxides pre- 
' pared by 
h e ating 
salts . . 
-«- 

Copper 

Iron 

Copper 

IrJh{ 

_t. 

60° 

90 

125 

202 

220 

85° 

195 

^75 

200 

245 

390° 

450 

430 

450 

4*0 

350 1 

430 

390 

430 

432 


The extenqjon of^hese experiments to tl^3 oxides 
of nickel, cobalt, lead, manganese, ferrous and 
ferroso-ferrio oxMe^, resulted in the following 
conclusions, amongothers. Differences in physical 
state jire attended ^ith correlative differences in 
the temperatures at which the actions of the re¬ 
ducing agent§ (JP, H, and C, are fy st manifested. 
For the several oxides of the same metal the tem¬ 
perature of tho initial action of a given reducing 
agent is sensibly the same unless the differences 
in physical structuie are very nCirked. In no 
case was any exception found to tho rule tlutf 
the temperature of initial action of CO is lower 
than that of H, and that of II lower than that 
of C, on the same sample of metal!it oxide. 

^For a large number of cases the rule holds that 
me greater (algebraically) the heat production 
during the occurrence of a reaction the lower is 
the temperature at which this action is fijrst 
manifested. 

During the investigation of tho rates of 
action of CO and II, it was noticed that in many 
intfaMwes ‘ chemical induction ’ manifested 
itself; i.e. tho reducing action of the gas on'the 
metallic oxide at a given temperature was at 
first slight or nil (‘period of incubation’), but 
after a longer or shorter tfme the reduction 
commenced and proceeded at an increasing rate, 
until the retarding influences of the products of 
the action caused tho rate of reduction to cease 
increasing, and subsequently lo diminish. The 
‘period of incubation,’ when* measurable, was 
found to be shorter the higher the temperature. 

9 A similar phenomenon has been observed by 
Bunsen ‘and lioscoe K1 their investigation of the 
nctior^of light on a mixture of chlorino and 
hydrogen (a. influence of light, jmt.), ^nd it is 
interesting to ;iotc that in a heterogeneous 
system consisting of a solid oxide and a gas 
chemical induction should also manifest itself. 
The question naturally arises whether or not it 
is a gtneral phenomenon accompanying all 
chemical changes. * 

Homogeneous Unlimited Systems.— Consider¬ 
ing the simplest chemical system* Undergoing 
change, that of of single body either decomposing, 
like ammonium nitrate when heated, or suffering 
iyolecular rearrangement, as ammonic cyanatc 
into urea, it is evident tha/> i/hless the products 
interfere as retarding agents the amount of 
change in unit of time, that is to say the rate of 
change, will bo proportional at any tin& to the 
affiount of active substance then existing. When, 
however, a Bydtem comprises tweflror more active 
members reacting on each other, such as an 
alcohol on an acid, or jhydric peroxide on an 
acidulated ^lution of a soluble ^pdide, the cir- 
cumstanc<jsfhro much more complicated. The 
general experiments on the rate of chemical 


change, Iwhen not limited oy inverse action, 
prove that in such complex systems the rate of 
change If any one of the members is increased 
or dimiifj^ned by an increase or decease in the 
quantit)%)f any, of Jhe other constituents, and 
is* more less proportional to such varia¬ 
tion. For example, if the system comprises 
A,A^A 3 ,...A n (different bodies reacting one with 
the other), the rate dt which A, changes is in¬ 
creased or diminished by a sitnilar vacation in any 
other member, as A f . Thq^tatement ofcthis law 
of mass by Mills (1 J . M. [6] 1) in the words ‘ no 
matter what may be the masses of the substances 
reacting the entire Tuass of each takes part iD 
the process,’ requires to bo limited by ffce further 
statement that the law applies onlj to homo¬ 
geneous systems in the sense in wjiich these have 
b^en before defined. It could not be asserted for 
instance that the entire mass the marble in 
Bojuski and Kajander’s experiments affects the 
rate of action of the acid, or that a hollow sphere 
of zinc dissolves less rapidly in acid than a solid 
sphere of similar external dimensions. 

Berthclot in *1802 (A. Ch.) showed that the 
rate of reaction of alcohpl Svith acgtic acid is 
proportional to the product of the 4wo active 
substances. Harcourt ai*d Frsson ip 18G6 (Pr.* 
11,470) established several formuhe representing 
various experimental conditions based on the 
same hypothesis, but the lection thgy employed 
for verification of the theory permanganate on 
oxalic acid) proved to be of so complex * a 
character as to give but imperfect results. These 
chemists, however, were moro successful subse¬ 
quently (Pr. 15, 202) with the reaction 
II^O.j + 2IIIj= <HI,0 +1 2 . 

The theory of Guldocrg and Waage relates 
more particularly to cases of limited action, but 
in its application to the study of the rfcte of 
change the introduction of so many; 4 coefficients 
of action ’ (y. ante, p. # /37) renders the equatioi) 
of little practical use for such investigations 
(But v. article Affinity, p. 70). Except in 
theory of Id berg and Waage, thecunfluence o. 

the products of the change either as accelerating 
or retarding agents is generally overlooked ir 
attempts to formulate chemical action; but it ii 
easy to introduce thesa effects ih'an equation t< 
represent the rate of change of a complex system 
on the hypothesis that the rate is directly pro 
J)ortional to the product of all the active mem 
hers and is inversely proportional to the amoun 
of chemically inactive bodies forfaed (v. hetajida 
TION OF CHEMICAL CHANGE, p. 744). 

In a complex system, consisting of n members 
undergoing change, let the masses of the initic 
active bodies bo represented by A 1 A, 2 A 8 ...A B , an 
let the masses of these bodies that have becom 
changed o£ rendered chemically inactive up to 
time t , be represented by a,,o.^a 3 ...a n ; theft, &< 
cording to'this hypothesis, the fate oJE change < 
any member of the system, say A,, is *i 

^._„( A,-a|)(A^a3...A,-a. ... 

<3J TlifA'a. + A'V-AX) 

Whtere n, and b, are constants, and A', A".; 

are /he rctardatfoh or accelerating coefficien 
ol the products 01 the action, the + or — sif 
boprg taken according as those products all a 
as retarding or as accelerating agents." Whic 
ot these actions'was performed by any^pecifu 
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product of the primary action could le deter¬ 
mined experimentally, by introduoing R known 
mass o# the body idto the system, ^nd com¬ 
paring the Ihte of the change with that Observed 
when no more of the spoonfed body wiy present 
than was formed during the primary reaction. 
Since a, is the member of the # system whose 
rate of change is the object of measurement, 
let the amoi^t that rem%ins unchanged at time t , 
that is A- — o„ be taken as y ; fffen— if the initial 

quantities of the fttl#r members be v lt v 2 ,. v n 

(quivalonts of a«,-Ai = k. i =t. l v./ K , .a„ 

= and °i =«i«« «i = .“ n = «„“<• In¬ 

serting these values in the above equation it 
becomes •» • • * 

dt h • b '*y 

In this equation /a' and b' are constants to We 
determined experimentally, a being the initial 
value of y ; y! is proportional to the rato and is 
dependent on the temperature (v. influence op 
HEAT ON CHEMICAL CHANGE, p. 741). 

Numerical examples of this equation for a 
system comprising the three bodies, ferrous 
chloride, lifdrio chlorffte, and potassic chlorate, 
•have been given by Hood (1\ M. [5] 20,414), but 
the solutiofls he employed were so dilute that 
the products of the action appeared to influence 
the rate inappreciably, consequently the term 
in the cqiihtion^rehrfing to these effects was 
neglected, and the equation was taken as : 

’'■ -1 ) a+ ^)(^- :i >+») • <3) 

io 1 ' the system of three bodies. 

It is possibfh to arrange the experimental 
conditions in such a ^ay timt, neglecting the 
action of the products, the course of the change 
may «be much simpler than is represented by 
equation (2). This may be done, (l) by having 
all the actife substances* present in vet y large 
excess over that one which is made the object 
tff measurement, so that they undergo but slight 
dirpinution^etween the beginning and the finish 
of the change taking place in the boifjr measured; 
or (2) by arj raging the constituents so that one 
or more * of them, although taking part in the 
reaction, remains constant in amount, one con¬ 
stituent only diminishing in value. The equa¬ 
tion for the rate of chango of one member in 
either ca^ would.be by (2) • 



Where a^a^.-.a,, are the masses of the chemically 
active constituents which remain constant or 
nearly so; or integrating, = a being equal 
to g-Aj, A 2 ...A n . 

Harcourt and Esson ( T . 157, 117) proved 
the tru*h of this exponential formtila # for the 
acti<fti between a soluble iodide and hydric 
peroxide.., The* fundamental chango ifc this 
case i# represented by Pl./) 2 + 2HI -- 2TLO +I 2 . 
By the simple device df adding a known con¬ 
stant amount of sodic thiosulphate to the active 
solution each time the liberated iodiift made 
its appearance, the .amoiflit oi* hydric iodide? was 
kept constant, while the •H 2 0 2 alone giimi- 
nished. The successive additions of thiosulphate 
measurqfl the amount of change of t?ie h’^ric 
peroxide (or y ), and the i*iter|als between each 
a 1 litioB, or rather the appearances’ of free 


iodine, measure^ the times of action. From theii 
txperiments relating to the influence of variations 
If temperature, and variations t! the masses of 
She acting substances, Harcourt and Esson con- 
fluded that ‘ whether the solution contains in 
Ic.c. 740 millionths of a gram of hydric sulphate 
>r 150 times th%fc quantity, 004 millionths of * 
gram of KI or 9 times that quantity, or whether 
HC1 or fcxdric sodic carbonate be substituted for 
iT 2 S0 4 , whether the temperature be 0° qp 50% 
and whether the portions*)! change require for 
their accomplishment intervals of one flr two 
minutes, or intervals of half arfchour«r an hour, 
this reaction still conforms to the law that the 
amount of change is at any moment proportional 
to the amount of changing syb^ance.’ 

Harcourt and Esson (T. 150, 193) hiq} pre¬ 
viously employed the reaction between potassic 
permanganate#and oxalic acid &r. investigating 
the laws according to which a chemical change 
progresses. JUthough this investigation was not 
quite successful in its primary object, it serves 
well to illustrate the anomalous results that may 
bo obtained by the interfering action of the pro¬ 
ducts formed in a reaction, or by extraneous 
salts. J'lic reaction under examination may be 
represented at its beginning and its conclusion by 
the two sides of the equation: , 

K 2 Mn 2 0 8 + 311 SO, f fifLCA 

- K 2 S0 4 + 2MiiS0 4 + 10CO 2 + 8H 2 0. 

TWo reaction progresses with moderate rapidity 
•at temperatures easily kept under control. By 
varying the mass of any one of the constituents 
a corresponding variation occurs in the rato of 
oxidation. The influence of H.,S0 4 is skmW in. 
the.following table; the reaction was allowed to 
go on in each case for four minutes, and was 
then suddenly stepped by the addition of KI, the 
amount of change that had taken place being 
obtained Iv, cst.mating the iodine liberated;— 


Mole¬ 
cules 1 

II^O* 

Per cent., 
change in 

4 min* 

MoU-cules 

Ji“so 4 

• 

Per cent, 
change in 

4 min. 

2 

21-8 

10 

• 710 

4 

30 


7>1 

6 

511 

M 

82-j 

8 « 

635 

10 

857 



22 y 

923 


The principal secondary reaction in the oxida¬ 
tion of 0JI 2 0 4 by lv !\InX) K arises from the de¬ 
composition of K 2 Mu 2 Q 8 by the MuS0 4 • 

(K,Mn.0 M -»-3MnS0 4 -! 2H.O 
= K 2 S0 4 + %H.S0 4 * 5Mn(\.); this reason in¬ 
fluences ttie ? -te of oxidation in a remarkaflfe 
maim#. With the materials fti the proportions 
of K 2 Mn 2 O 8 :10tI 2 SO 4 :5U 2 C 2 O 4 , it was found th&t 
when no manganous sulphato was added oitiy 
eight p.c. of qjieirfical change took place in 
4 mins., but by gradually increasing the mass of 
MnSO. the amount of change taking place in 
this imerval^of time increased, until it reached 
85 p.c. \v£en 3MnS0 4 was^present. Furthei*in- 
creaso of the ifnSO^only sliglitly^iltered the rate 
of oxidation. Harcourt and Esson likewise found 
that by varying yie masses of H 2 S0 4 and C 2 H 2 0 4 , 
the KjMn.O,*and MiiS0 4 remaining constant, 
the percentage of chemical change ^n a definite 
time (3 mins.) gradually increased tnl it reached 
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-fen (3) is .^ = 1)*. +1/where b equals 


« maximum, than diminished to a minimum, 
and again inoreaaed on addition <Sl more 11,0,0,, 
Experiments on the relation between the time o9 
continuanoe of the action and its amount showed! 
that after a certain interval the course of the! 
change was represented by an hyperbola. The^ 
reason of this regularity only occurring after the 
option had proceeded some tiila was tracod to 
the double changes,that take place, first between 
the MnSO, and K,M'n,0„ and then beJween tljtf 
MnO, produced and the C,H,0,. Both changes 
are, hS sever, comparatively slow; >but if either 
of them occurred very rapidly compared ,rith the 
other, in presence of equivalent quantities of 
materials, the whglc course of the change would 
doubtless bo represented by an hyperbola. 

Pood (P. U. fdj'6, 371; 8,121) lias studied 
the rate of oxidation of ferrous sulphate by 
potassic ehloratq, and the inductee exerted on 
the process by variations (i) in the amounts of 
acid used and (ii) in the temperature. The 
equation for equivalents being 

. Gl'eSO, + KtflO, + 3H..S0, 
= 3Fe,(S0,), + KC1 + 311,0, it is evident that th, 
rate of change will bo tljo product of three 
factors. The acid being in large excess and 
KCI0,:6FeS0, = v:l, the rate of chango By equa- 
dy 
at 

the amount of acid; or log, -- '[ -_ 

(n - 1)a + j/” 

pB(»— 1)a(o — f) ; if, however,KC10,:OFeSO, = 1:1, 

thejg^ pny’, or + 1) =* -i-. By a series 

of determinations of y (c.c. of permanganate)' at 
indefinite intervals of time, the constants in 
either of these equations (/xn aw,d c, and fx n and a) 
were found for different conditions of tempera¬ 
ture, amount of acid (b), Ac., and consequently a 
measure was obtained of the change 01 produced 
in the rate of oxidaJion f by such variations. 
Hood found that for tlys reaction both these 
formula hold good, and, as theory indicates, the 
ratq of oxidat&n, within certain limits, is pro¬ 
portional* to the am^jmt of free acid ; as the 
amount,of acid, however, becomes comparatively 
very great the oxidation progresses much more 
rapidly than the acid increases. Wl/n JIC1 
replaces II 2 S0 4 , order to produce tho same 
rate of oxidation the amounts must be as 3(>*5:80. 

Ostwald (J. pr. 27, 1) has studied the interest¬ 
ing reaction lt.C0NH 2 + H 2 0 -It.CO.ONh^ with 
reference to the accelerating influence acids have 
upon the rate of the change. This reaction is a 
spiking'instance of so called * pnr^jsposing ’ 
affinity, the react^n being a very Low one when 
water alone is employed. (For details of this in¬ 
vestigation, v. the article Affinity, p. 79.) 

^ Tho decomposition of tho ethereal salts, e.g. 
methylic acetate, by water, afford.3 an example of 
chemical change somewhat analogous to that of 
tho acetamides. Tho difference between Jhe two 
cas^s is that in the former the watei, resolves the 
compound into two ethers, alcohol and acid, 
whereas in the latter the water is’aBsimilated to 
form a more complex compound. The presence 
of acids greatly accelerate the decomposition of 
the ethereal Calts, as is the case v.-ith the acet¬ 
amides; thfcgelations between speed of action and 


I quality of acid have been investigate/by Ostnr%)d 
J (J.pr. 28| 449), v. Affinity. 

Ketabdation and Acceleration of Chemical 
CiiANaE8|-*In the reaction that takesjplace when 
an alcotj} and an organic acid are mixed, the 
amount o i chnngq ifi limited by the inverse action 
that arises between the products of the change, 
ethereal salt aftd water, which inverse action 
tends to the rc-formatton of the original alcohol 
and acid; it is <ftnseqtien$ly evidifiit that the 
rate at which the ethorifica^oty progresses is re¬ 
tarded by this inverse action. In like manner if 
BaS0 4 is acted on by K 2 CO s , the rate of the de¬ 
composition is retarded by the inverse action 
that occurs bctN^en the BaC0 3 $nd K ; 5P 4 which 
results in the formation of the original bodies. 

The same may be said as regards the rate of 
all those reactions which are limited in extent by 
itiVerse chemical changes. 

There is, however, another kind of retarda¬ 
tion possible, not arising from any secondary 
chemical changes taking place in tho system, but 
of a purely physical origin. If in a homogeneous 
system undergoing change, such for instance as 
is represented by the etmafrion a+^-ab, tho 
chemically active bodies be considered to be in 
a state of continual motioJt, the rate of formation * 
of ab will be proportional to the number of im¬ 
pacts between the a’s and b’s in a unit of time. 
It is conceivable then thr^ if tho molecules ab 
are not removed from the sphere of action their 
mere presence will hamper the movements of the 
remaining a’s and b’s, and by so doing will 
diminish the number of impacts between them 
! in a unit of time, that is to say, ^vill retard their 
! rate of combination. Th&t retardation of a 
i chemical chango does arise by the addition of a 
quantity of one of the products has been shown 
to be true in several instances; but whether the 
effects are to he interpreted on a physical basis, 
as is done here, or on*a chemical basis, cannot 
be decided with certainty until much more ex¬ 
perimental evidence lias been obtained. Th8 
study of th£ influence of chemically inactive 
bodies on systems undergoing change, that is to 
say it bodies which probably do not tftke part 
chemically in the reactions, forms a wide field 
for research ; and therq is no dovbt that the re¬ 
sults obtained will have an important bearing on 
chemical science considered in its dynamical 
aspect. » 

An acceleration in the^ate of a chemical 
change may h n brought about byean increase in 
the amount of any one of the active constituents 
of the system j^uch an acceleration's has been 
already shown, is easily explained by the law of 
mass-action, viz. that the total mass of each 
constituent takes part in the reaction. 

There am instances, however, somewluit more 
difficulfbf explanation, such as the inversion of 
cane sflgarf- or tho decomposition of methylic 
acetate, by acids, wherein the addition of an 
acid merely accelerates, t]je change, the mass 
of the acid remaining the same at the finish as 
at the beginning of the reaction. The tendency 
to undergo change in tfoeso instances is merely 
increased by the Essence of tho acid, and this 
tendency, measured by the speed of the change, 
is dppencfcnt on the character of the acid em¬ 
ployed (v. Qstwajd’s experiments defeiled in 
Affinity, p. 79). ;ThS difficulties that here 
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dh chuntered would seem to be similar to those 
that arise in the consideration oi so-called ‘ con¬ 
tact aations' or catalysis. . « . . 

Guldbtrg and Waage (Ktudcs), in tleir inves¬ 
tigation of the rate of prdfctction of hJBrogen by 
the mutual action of motal^^nd acids, found 
that the presence of salts in tgo acid solution 
exercised a remarkable jnflucnco on the speed, 
some salta accelerating, others retarding, the 
reaction; the salt* themseifes remaining un¬ 
altered Mills aiW Walton ( Pr. 28,208) observed 
an acceleration in the rato of formation of am¬ 
monia from potassic nitrate and zinc amalgam 
by the addition of either K 3 SO, or Na.SO,, the 
increasd^f spefcd being practically the same for 
equal masses of the two sulphates. If a diluto 
acidulated sokition of ferrous sulphate is oxidised 
by potassic chlorate at the ordinary tempera¬ 
ture, these t\»> bodies being present in equiva¬ 
lent quantities, and tho free acid (H 3 SO,) being 
much in excess, the rate of the oxidation ( v . ante) 

is expressed by thf equation ^ . or 

yftx + t)~ &,*whcri^ t is time id minutes, and y is 
c.c. permanganate equivalent to ferrous iron^ rc- 
• maining*at time t. J Since in these equations 

ft - 1 (or tho rate of change is inversely pro- 
Cit , . 

portional to fc), by performing two experiments 
under likS con£itidhs of temperature, dilution, 
amount of acid, of iron, and of chlorate, except 
that to one of the solutions a known mass of if 
sulphate is added, it is easy to calculate the 
equations,*y(,i - t) ~b, for each of the systems; 
and, by compltring the two values for b, to get a 
measure of tho relardAig action of the particular 
sulphate employed. In oilier words, the timo 
required to oxidise tho iron from y' to y" is pro¬ 
portional to b, and if this time for the blank 
experiment bo taken a#» 1 'cO minutes, the value 

of (where b corresponds to the blank 

• 6 . „ 
arid b‘ tmthe -retarded experiment) gives the 
number of minutes required to perform the 
samo amount of oxidation in the presivico of 
the adiled sulphate. The annexed table con¬ 
tains the resets obtained by Hood (/'. M. [5J 1.1, 
419) in studying the retardation of various 
sulphates in the above manner; tho temperature 
being 2J,°C. in each experiment. •> 

The numbers* 6 how that the retardation 
occasioned toy the presence of u chemically 
inactive salt in the system employed is pro¬ 
portional to the mass of thotsalt added, and 
that some salts of analogous character produce 
for equal masses the same retarding effect. 
Thus the potassium, sodium, and ammonium 
sulphates each produce a retardation of about 10 
D 41 per gram, and the two alums about 0 p.c. 
per gram. Tho differences in the qtfects of 
magMsfum and zinc sulpliatcs aro, however, too 
groat to allow of ihgir being classed together 
as analogous salts from a dynamical point of 
view with reference to this particnlw case of 
retardation. C „ * 

Considering the SlktUFsulphates ajid the 
alums, it is clear that, since equal masses of the 
several members of each group Jrodu^s the 
same effect, the retardation produced by a mole¬ 
cule 8 * one of the salts is • proportional to its 


' Weight 

of 

| salt 


2 grama .1 

w 4 ‘ 

5 » 

i 6 * 

8 , 

10 * 




1006' 

b 


120-3 

130-8 

113-1 

153-4 

W7-1 

l*J6-8 

221-7 


Per 
cent, 
retar¬ 
dation 
for 1 
gram 


10-1 

10-2 

ID'S 

10- 7 

11- 2 

11- 9 

12 - 2 


Na.SO, 


10W 

b 


131 

113-3 


l 


JIO-6 

190-6 

212*4 


Per 
cent, 
retar¬ 
dation 
for 1 
gram 


120*8 | 10-3 
131 f 


10-6 

10-8 

10- 4 
111 

11- 3 
11-2 


(NH 4 )tS0* 


iooy 

b 


Per 

cent, 
retar¬ 
dation 
for 1 
gram 


120-8 

132-4 

I46f» 

164*9 

lf.6-# 

193-2 

213-9 


10- 4 
10-8 

11- 3 

10- 9 
110 

11 - 0 
11-4 


.. 

$A1( 

S0 4 ). * < 

(Nir.)Al(SO.), 

Weight 

of 

100// 

Per cent, 
retarda- 

1006' 

Pp^cent. 

Totarda- 



tiuu for 


tion for 


0 

1 gram 

• 

1 gram 


•112-2 

6-1 

111-8 

6-9 

3 „ 

118-1 

6-0 

118-3 

61 


J‘24-7 

0-2. 

124-4 

o-i 

6 „ 

feo-fl 

6-9* 

120*7 

5-9 

c » 

138-1 

fi-3 

137-4 

6-2 

8 „ 

148*2 

5-8 

111-5 

6-8 

10 „ 

155*2 

• 5-5 

1531 

6 3 

~ - •- 

«■ MgSO. 

ZnS0 4 

Weight 




Per cent. 

of 



1006' 

retarda- 

salt 


turn for 


lion for 

• 


1 gram 


1 gram 

2 grains 

111-9 

123-0 

7-4 

7-8 

110-1 

115 

60 

6-0 

4 ;; 

128*4 

n 

C-8 

117-5 

123 



1 K»-9 

K-if 

127 

4-5 

« „ 

• r.o-9 

0-4 

132-7 

4-1 

io ;; 

1«1T 

c-i 

138-4 

5-8 


mass ; ir oth^r words, tho greater the mass of a 
molecub. Ihe more it retards the rate of the 
chemical change. 

Judging by these facta, it would seem not 
improbable thftfc chemical bodies might be 
cla. slfieu on a-dynamical basis $s regards their 
retardation-effects. With this aim, Hood M. 
[ 5 ] 20 , 414) has continued these experiments 
in relation to soluble chldrides, but till anoma¬ 
lous insults obtained do not justify tho assump¬ 
tion Started with. The results show that the 
sulphates of the alkali metara in the oxidation 
of i< rrous chloride by KC10., produce an equal 
i-« tar-ling effect, about 17 p.c. per gram, but that 
MgS*0 4l ZnSOq, and CdSO, (although usually 
classed together from a statical point of view) 
differ greatly in their retardation-ejects; the 
results /Mi- Jhe nrst two sulphates are in a>»ut 
tho Ame ratio as in previous experiments with 
ferrous sulphate instead of ferrous chloride. 
Experiments? with MgSO t showed that tjjiese 
‘ retardation ecfciiisicnts ’ vary slightly wito in¬ 
crease of temperature. * 

An examination of the effects of chlorides on 
this^eaction sliov-ed stiikingly anomalous re¬ 
sults ; np fwo chlorides gave the samo ret&rda- 
•tion-effect. flSodic chlorfflc practically produced 
no effect oil tho SQoed of the oxidation,.while 
zinc, magnesium, and cadmium chlorides pro¬ 
duced an acceleration. It seems difficult to 
reconcile tfi'ese results with a theory that should 
account for the action of a cheriRcally inactive 
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%\t In a system undergoing chang^ on the basis 1 
f molecular interference with the movements 
f tfyo changing constituents of the system. It 
lay be, however, that the presence of such 
xtraneous bodies induces secondary reactions 
i the system which occasion either an accelera- 
ion or a retardation of the principal change. 

•Influence of Heat.— The study of the in* 
uence exerted by he*t on chemical chains, as 
ilustrat^d by the phenomena of dissociation,* 
,nd by such phenomena as occur when phos- 
>horu8*or sulphur are heated* forihs an im- 
lortant facto* in the vast problem of elnfcnieal 
.ction. Starting with the fundamental notions, 
hat heat is a fomn of energy^ and that all 
ixtemal material, phenomena comprise two 
actopr^matter and motion, which it A the aim 
)f chemistry, to investigate, with the molecular 
heory of the ccyi&itution of mattenfor a basis, 
t is evident that the relations between tho 
iction of heat and chemical change \fill be most 
idvantageously studied by examining in what way 
ihe rates and the Unfits of chemiftil changes, 
iccurring in homogeneous systems, are affected 
by heat, and by determining the influence 
exerted on such changes by extraneous bodies. 

What is already known regarding tlfo in- 
[l^pce of heat in bringing about chemical com¬ 
binations and decompositions would seem to 
indicate that such action is of a twofold cha¬ 
racter, more particularly in systems possessing) 
free mobility either in the gaseous or liquid 
states; for, besides accelerating the motions of 
translation of the molecules of the system, and 
so riWfifKplying the chances of collision in a 
given time, and consequently increasing tlyi 
rate at which the change takes place, the action 
of heat also accelerates the ra^u of change by 
diminishing the stabilities of the reacting mole¬ 
cules, and thus increasing their tendency to 
undergo change. Thus, representing tho mole¬ 
cules of gaseous iodine and hydrogen respectively 
as I 2 and II 2 , the arnoftnt*of HI produced in 
unit time at a given temperature, by the mutual 
action of H 2 an# I 2 , will depend ifpon the num¬ 
ber 6f molecular collisions, the velocities of 
translatiorf of the mole.fules (or the temperature 
of the As), as well as upon the facility with 
which the molecules become separated ir#r 2II 
and 21. It is eat-V to understand in this way 
why there are definite limits of temperature 
within which chemical changes take place; and 
how some reactions which occur very rapidly 
at one telhperaturo may be prevented by frufli- 
ciently cooling the reacting bodies. 

Although as a general rule the action of heat 
is Such as to induce chemical co*\bii?u 4 ion at 
moderately low tenfyeratures and decomposition 
at higher temperatures, instances are known of 
bodies being more stable, unde^ certain condi¬ 
tions at high, than at low teiiFper^ures. Troost 
and Ik-utefeuille (G. 11. 73, 443; 84, 046) h..vo 
shown that by passing SiCl, over strongly heated 
silicon the latter is volatilised and is^igain*con- 
densSd on the cooler parts of tho tub% This 
apparent volatilisation of silicon wnfi found to be 
brought about by the formation of tiLCl,, at the 
higher temperature, and d^comflpsition of this 
compound intf the original bodies ^t a lower 
temperature # CrSi 2 Cl H = 3SiCl, + Si). The com¬ 
paratively complex body Si 2 Cl 8 is thus resolved 


by diminishing the temperature into the odin® 
iparatively simpler bodies SiCl 4 and Si. 

I A somewhat analogous refection is asBested to 
occur by Sitte with SeH 2 ( G . R. 74, 991). This 
chemist safc that if ^glAiion is heated with hy¬ 
drogen in axlosoiL^essel, the amount of SeH 2 
formed increases#mh increase of temperature up 
to 520°, but that any further increase in the 
temperature is accompanied bv a decnjp.se in the 
r amount of ScIL forfited. If two tubes^re heated 
under like circumstances uriHl *the amcfllnt of 
SelL formed is constant, and one of them is then 
cooled rapidly while #he other is allowed to 
return gradually to tho lower temperature, Ditte 
says that the scccdultube contain Aess S^flfl 2 than 
the first, and so much less as the cooling has 
been slower. On tho other hand, SqH 2 submitted 
to tjie action of heat suffers sensible decomposi¬ 
tion even at 150°; above 270° the amount of de¬ 
composition gradually decreases until it reaches a 
minimum at 520°, after which the decomposition 
continuously iticreases as temperature rises. 

Chemical systems which are limited by reason 
‘of inverse actions nfay be represented*in terms of 

tlieir rates by the equations ~ Vl = /(fl)'J'(iB), and 
lit 

^/(^'/'(cn), in which the accelerating influ¬ 
ence of temperature is expressed by the functions 
f(0) and/(0), and the absolure rate by the differ¬ 
ence, or djL -f(0)ip(AB) -/(O)^(cd). When equi-* 

librium is attained, or no further cluyige takes 
place, /(0 )^(aV)— /(^)^(cV) = 0 ; # a', b\ c\ i>', 
being the quantities of activc^ubstances that can 
exist together in stable equilibrium at tempera¬ 
ture 0°. If the temperature functions bo the 
same in both cases,then f(0) {^(aV) — ^(oV)} *- 0, 
or ^(aV)-^( cV), or the limits are independent 
of temperature. Thrs ^ould seem to be true 
between certain limits for the simpler etherifica¬ 
tion processes, as Bertlielot and Saintsilles* 
experiments Jjave shown. MenSchuf^’in, how r 
ever, has examined certain limited reactions 
which^show a marked variation in the. limits 
with temperature, and seem to indicate that the 
ratio of /(0) to /(0) is not»constantjfc 

From a study of certain reactions which are 
not affected by limiting conditions, and of other 
reactions which are so limited, attempts have 
been made to determine the decelerating action 
of heat, that is to say, to determin# the form of 
tho temperature-function /(0) in the equation 

Hood (P . M. [5] 6, 371), from experiments on 
the rate of oxidation of ferrous sulphate solution 
by KCIO^ considered that /(0) cc 0-, or that ttie 
rate of oxidation varied as the second power # of 
the temj&rature; but tlje experiments were not 
sufficiently numerous to place this conclusion 
beyond doubt. • • 

Wardc'r (Am. [3] 203) studied the influence 
of heat oft the rate of the action 
G.H 5 t).C 2 H 3 0 + NqJIO =*NaC.,H 3 0 2 + C 2 H 5 HO, 
in dilute aqueous rolutions, the temperature 
limits being 3‘6° and 37'7°. The results obtained 
agree# welnvith the'formula (7*5 + a) (62*6V- *) 
621-4 ; t berng*tem#3rat«re, and a the number of 
gram-equivalents per litre which would (atcord- 
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ku{to the theory of mass) react upon each other 


per minute in a solution kept of normal strength J function influencing the rate of a chemica 


The formula could be written as a = a + st 2 , 
indicating the rate to vary nearly as ftij square of 
the temperature. MensclN&in {J.pr.A] 29,437) 
employed three somewhar\ialogoiS reactions 
for the study of this subjectpjl) formation of 
ethylio acetate from acetio Icid and ethylic 
alcohol, (^) formation of acetanilide from acetijj 


In order, to . determine the temperature 


ether, anilide, and acetamide formed were deter¬ 
mined, ©yd tal&n as measures of the speeds. The 
following are his results: 


change, Hood (P. M. [5] 20, 323) has ygaii 
studied the oxidation of ferrous sulphate solu¬ 
tion by potassio chlorate. This reaction i* 
well adapted for work of the kind, as it is com- 
pletely under cgntrol, and can bo rendered as quick 
or as slow, as may be desired by altering such 
conditions as dilution, temperaturo, amount of 

/roo /4p rPUn ____ 


• -- -;—— w..umuuo uuuwuu, mmpuruiuro, amount ox 

acid ana limine,* (3) forn®tion of acetamide < dree acia, dfc. The progress of the oxidation can 
from wetio acidaasd ammonia. Molecular quan- also be followed with Oie greatest pr&ision by 
titles of the materials were heated for one hour »means of permanganate. • 

* f^ tem P era ^re^ ^and the amounts of Each experimental solution confuted of *6037 
~~" S J " ' ' ’ ' gram of iron as ferrous sulphate, and 3-099 


Temp. 

• 

Ether 

formal 

Temp. 

Anilide 

formed 

Temp. 

Ace ta¬ 
in iA 
formed 

90' 

7-50 

82° 

6-08 

100° 

0 

102 

13-50 

9Cf 

8-50 

llo 

1-27 

112 

19*02 

102 

14-59 

121 

4-41 ^ 

122 

21-78 

;i2 

21-5* 

130 

9-02 

132 

«2-60 

12» 

30-71 

140 

21-36 

142 

*40-65 

132. 

39-91 

150 

36-90 

152 

•16-82 

142* 

4705 

152 

40-66 

162 

52-99 

152 

65-49 

155 

50-90 

172 

57-45 

*102 

61-57 

160 

58-67 

182-5 

*0-99. 

17fc 

60-39 

172 

72-33 

212-5 

63-98 

182-5 

68-87 

182-5 

78-31 



212-5 

72-19 

212-5 

82-83 • 


These lumbers all agree in this respect, that 
the dilference^in tho amounts of action during 
one hour, for equdi different." >s of temperature, 
gradually increase, pass through a maximum at 
a (^finite temperature, and then decrease. As 
regards the genpral inferences that might b< 
drawn frotn these experiments relative to th< 
connection between action of heat and rate o: 
•chang^ it must be remembered that the re 
actions labour ginjcr the disadvantage of being 
c&ses of Ally limited action, and^hat tho pro¬ 
ducts of the change no doubt retard thr^prin¬ 
cipal reaction, and tend to complicate matters. 
Besides this.^Jie method of allowing the change 
to proceed in each caso*for the same interval of 
“•time is objectionable, for at the higher tempera¬ 
tures the amounts of the products formed before 
the expiration of^one hour aro so very much 
greater than^the amounts formed at tho lower 
temperature That their presence must exercise a 
considerable retarding inlluenc<v on the further 
progress of *the reaction up to tlic time-limit. 

Unliko some of the etherification processes 
tho limits of formation of acetanilide and acet¬ 
amide are influenced very considei^ibly by heat, 
as jh#following numbers show:— * 


AactoulliSc 

„ Acetami-fl 

Tdip. 

Limit 

Temp. 

Limit 

100° 


125° 

WBBBSm 

125 

■ 83-11 

140 

78-18 

135 

82-39 * 

lg5 

81-16 

145 

81-22 

%82-6 

82,82 

155 

79-68 

212-5 


185J-6 

78-85 

1 

. * 

* » 

312-5 

77-75 



grams of free II 2 S0 4 , madegup to a volume of 
250 c.c. To tins solution AO^.c. of a solution of 
KClOg wire added, equal to -2057 gram-*being 
the oxidising equivalent of the iron^Fr!^ -ch 
a solution, i^jfuntained at a conitynt temperature, 
10 c.e. were withdrawn at indefinite intervals of 
time, and titrated by permanganate, and from, 
^several such observations the constants in the 
equation ?/(«•+ t) = b were Calculated ; y being c.c. 
»of permanganate, and t being time in minutes. 

Since 6 is inversely proportional to the rate 

of change, orJ^L ■= ~ by compar¬ 

ing the values of b obtained from a scries of ex¬ 
periments in which everything remains the same 
except the temperature, a measure is obtained 
|f the influence of heat on the rate of the oxida¬ 
tion, and consequently a means of finding the 
probable nature of the temperature-function f(6). 

Tho following table contains the results of 
Hood’s experiments; tho values for for 

tho equation y(a +1) = 6 being the means of 
several experiments:— 


Temp. C. 

• 

( 

b 

Ratio ?2— 

*>n+l 

10° 

330-8 

3327-8 


11 

301-6 

274-7* 

3025 

1-100 

12 

2752-9 

1-098 

13 

’ 250 

2503 • 

1-0-J9 

14 

227-5 

2282-7 

. 1-096 

15 

206-6 

\2055-7 

~ J-110 

16 

194-3 

\9-20-8 

1-070 

-7 

174-2 

l\i3 

1-109 

18 

159 

nyi 

1-098 

19 

1-17-1 

1452-0 

1-086 

20 

134-4 

1325-4 

1-096 

21 

124 

1216-8 

1-089 

*22 

11*9 

1123 

* 1083 

23 

102-0 

1002-3 

1-120 

^4 p • 

94-3 

924-5 

• 1-084 

25- 

’ 89-9 

869 

1-06“ 


68-5 

054-8 

1-099 

30 

58-7 

651-2 

1090. 

32 

,50 3 

0 

465-3 

1-088' 

- JT V-- 


Mean. 

ltf93 


FroD?.*tlfc numbers under —^— it appear* 

V . I * 

that this ra|jo has ^s nearly as possible a con¬ 
stant value, the mean of all the experiments 
being 1-093 : if woum seem, therefore, that for 
this reactioif at least the tempeiiture-function. 
has an exponential form, and tliUfthe ra t e 0 j. 
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change way be written-^? ~~iuf y\ 9 being the 

temperature. Calculating the rates of oxidation 
on this assumption, or p^/i(l'093)', where p is 
rate and 9 temperature, and comparing them 
with the rates found by experiment from the 

values of b, or -ii the rate at 10*C. being taken 

• bi 

as unity, the followinr numbers are o^itojiJed 


TeiGp. 0. 

Itattfof 

oxidation 

Calculated rate 
» of oxidation 

• 

10° 

100 


11 

*1T0 

, 1-09 

12 

* >-21 

1-19 


1-33 

?31 

14 ' , 

1-46 

1-43 

15 | 

v * 1-62 

• 1-56 

16 

1-73 

1-70 

17 

1-92 

'1-86 

18 

211 

2-04 

19 

2 !1 29 

*2-23 

20 

2-51 

2-13 

21 

2-73 * 

2-06 

22 

296 

2-91 1 

23 

3-32 

1 3-18 

. 24 

3-59 

3-47 

25 

3-83 

8-80 

23 

6-08 

4-96 

80 

604 

5-92 < 

82 | 

7-15 

7-07 


Etsastjgations of many reaotions must be 
made before it can be determined how far it may 
bo true in general that tho rate of a chemical 
change increases in geometrical progression as 
the temperature varies arithmetically. Lemoino 
(fyudes sur Us Equilibria chimiques, 178) has 
expressed the opinion that the temperature- 
function is of an exponential form; and this ho 
considers to be correlative with tho nature of tho 
internal movements which conCtituto the tem¬ 
perature of a body. , 

Ihflbfnce of Lioht.— A survoy of the prin¬ 
cipal factB«iliat are knQfvn relating to the influ¬ 
ence efts light on gnomical changes, or in 
producing such changes, would scorn to indicate 
the possibility of classifying these chemical 
changes into (1) sfch as are only induced by the 
action of light, or light and heat combined, and 
(2) reaotions which, taking place under ordinary 
conditions in darkness, arc accelerated by, the 
action of light. To tho firs!; class of actions 
belong par excellence the photographic processes 
(ofrttfhiclf unfortunately so little is # k/,(Vn), and 
suoh reactions as 1Ae combination ot II Cl, 
the dissociation of HI, or the reduction of ferric 
oxajate solution. From the experiments of 
Amato it would seem thatsoijje jf these typical 
chants produced by light can Only take p'aco 
above a certain limit of temperature, indicating 
that heat as well as light is necessary. Th the 
second class probably a great many, \i pot all, of 
the chemical clvmges'dhat have .been studied 
with reference to their rates, limits^ &c., will bo 
found to belong when thoy nave been examined 
In this respect, but as yet ..Uio hr nothing has 
been done. an instance of the latter class of 
reactions mljr be cited the oxidation of oxalic 


acid by potassio permanganate, naroourt on* 
|Esson (T. 156,194) observed that the rate of this 
oxidation (which under ordinary conditions is 
moderately fjuick) is greatly accelerated in direct 
sunlight ;4he amoun^af this acceleration was 
not,*howevfr, detepffinad. 

Hydriodic ao<a exposed to sunlight for one 
month at ordinary temperatures is decomposed 
to the extent of 80 p.J.: but when this gas is 
heated night and day for the sam#*length of 
time at 265° in a dark chanfee*, scarcely 2 p.o, 

■ of the hydrogen is liberated. 

The analogy between tho chemical effects of 
light and heat is very striking: both agencies 
act in tgich a wajaas to break doAn or •implify 
chemical structures, as well as to builS up com¬ 
plex moleculos from simpler constituents. Many 
instances might be cited to exemplify these state¬ 
ments ; such as tho disruption ofj, HI into free 
iodine and hydrogen, the formation of HC1 and 
of COC1, by light; and the formation, and at a 
highertempe*.-,turo the dissewation, of HI, H,Se, 
H 2 0, and numberless other Bodies, by heat. 

»f There seems, however, to be cue marked 
difference in the modes o^aCiion of # heat and 
light. Whereas, in those chemical chaeges pro¬ 
duced by heat which arojtermed dissociations 
or disruptions of molecular structures, a limit is 
reached depending upon tho pressure and tem¬ 
perature to which the sys^f-'-rts subjected, in 
similar changes produced by light there seems 
f.o be no limit, but the process goes on until 
complete decomposition is attained. This is 
easily understood when it is remembered that 
in suoh reactions, under suitable conditions, 
heat tends to destroy as wclh as to rc-forra tho 
molecular structures; hut that when light acts 
in such a way as to break down complex mole¬ 
cules tho inverse action has not yet been 
observed to occur wider any'condi(ions. For 
examplo free II and I exposed for one month to 
sunlight suffer no measurable change; but HI 
in tho same interval of time is decomposed to c 
tho extent o( 80 p.c. EcacrconS of limited, 
and perhaps reversible, character, induced by 
light/*analogous with the dissociation.pheno 
| mena produced by heat, may yet be discovered. 
Light rays of different- refrangiSllities induce 
chemical changes with greatly different in-, 
tensities, and probably with different effects. 
LcSnome (C. It. 03, 514) has shown that HI is 
decomposed with facility irf'vessels made of 
bine glass, but is very slowly ch&nged in red 
glass vessels. For those bodies which heat 
alone decompo* es at low temperatures, the 
extreme red of the spectrum appears much less 
efficacious than the extreme violet. In the 
cases of bodies which are stablo at high tem¬ 
peratures, if'-.ho time of action bo long enough, 
tho red riys ultimately produce the same result 
as the eiolci, Chastaing (A. Oh. [6]^11, 145) 
concludes that it is riot necessary thatuvhite 
light should act more otjo’-getically in a given 
way than any particular part of the solar 
speotruni, for it is possible that some rays pro¬ 
duce the inverse action 0 (? others. The chemical 
action^if the solar spectrum oh binary metalloid 
and metallic compounds ought, he thinks, to be 
represented by twd curves, one reducing on the 
side of the violet^ the other of an oxidising 
character'on the red side of the spectrum, and, 
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Iw^Baye, there probably exists a point where.__^ afWt% 

photochemical action is nil or equal to that 4taneous photography, 
whioh^takes place in darkness ~ *' ’ ' ' * 

An el^fcorate study of thte influent* of light 
In producing chemical fc^nges wasCtnade by 
Bunsen and Roscoe in 1857'J^pme of the ffcts 
which their investigations brought out are of a 
highly important character. Draper in 1843 
had observed that tjje" action of light on a 
mixture of"41 andtCl doesoaot begin to show 
itself instantaneously, and he concluded that 
the first action of light was to bring .about a 
change in the Cl, probacy producing an allo- 
tropic modification, before combination could 
take plsj^ between it and hydrogen. Jansen 
and Roscoe made this observation by Draper 
the subject o^ many experiments and measure¬ 
ments. They considered that whatever may be 
the cause of t^e resistance to combination whfcli 
the gaseous mixture shows for some little time 
aftef^ubmitting it to the action of a constant 
source of light, draper’s assumption is not 
borne out by facts. 

The following measurements exemplify this 
resistance^pffect a’s obtained by these chemists J 
, with a constant source of light (T. 147, 3G3) :• 


would evidently place a limit to so-called instan- 


,. 1 

Time in mins. 

_1_ 

Observation 

Action during 1 
inlu. 

o • 

. noo 


i 

100-5 

•5 

2 

1021 

1-G 

3 

102-0 

•5 

4 * 

100-2 

•0 

6 ’ 

* 105-3 

2-1 

6 

* 119-9 

1-1-8 

7 

1391 

19-2 

. e 

170-2 

311 

9 

. 200-6 

30-4 


These numbers show that about 8 mins, 
•exposure is required before the rate o£ combi¬ 
nation resellcsP&„‘fonstant maximum. It was 
found that the time that elapses, 'Ironi the first 
insolatipn until the first trace of photochemical 
induction becomes visible, and until the maxi¬ 
mum action & attained^ varies much according 
^o the experimental conditions. It was also 
found that the resistance to combination, once 
overcome by the influence of light, is s r on 
restored when the gaseous mixturo is allowed to 
stand in darlgness, but that the increase of the 
induction from exposure to light takes placo 
much mor^rapidly than the diminution of the 
same on darkening. The presence of a foreign 
gas, or of excess of Cl or H, influences the 
induction-effect in a remarkable manner. Thus 
the maximum of the induction a normal 
miatiife was reduced from 100 to 37*8 by the 
presence of of hydrogen, and imho yrosence 
of f&op dhd of oxygen it diminished from 
100 to 9*7 and 2*7 respectively, and for of 
Cl from 100 to 60 *. 9 By insulating fho gases 
separately no appreciable effect was'produced 
on the induction effc<^ when the gases* were 
afterwards mixed.* j -» 

It is interesting to note that if this ]A-elimi- 
nary resistance to undergo change is* universal 
law iif such actions as arejbroi\ght aboftt by 
light ^jn bodies in the liquid or solid, state, it 


Marohand (A. Ch. [4] 80,802) has studied the 
influence light on a mixture of oxalic aciciand 
ferric chloride in aqueous solution. Such a solu¬ 
tion placed in darkness suffers no change, but 
when exposed light it evolved C0 3 with the 
reduction of. the ferric chloride. Heat alone has 
no visible effect on the mixture even at a boiling 
[•Vinpcraiui^but if the solution is exposetLto Solar 
radiations and is then lieiUed, dccompositron takes 
placo with explosive violence. Of the different 
parts the spectrum, the bl^e ray%exercise the 
most energetic action, even more so than the 
violet rays. Some highly interesting facts have 
been noticedbytjeinoino (CyJi. 97,1208), bearing 
on the chemical changes produced by ligjt#vith 
the abovo mixture. IIo employed a m^gfeOrof thin 
vertical glassutubes, 15 mm. dianufter, each con¬ 
taining 20 c.c. of a mixture of ferric chloride and 
oxalic acid* tho solutions were saturated with 
CO,, and contained equivalent quantities of the 
reacting bodfes. Tho evolved gas was collected 
sever glycerine. Tlie speed of tho reaction in¬ 
creased in proportion to the intensity of the 
light, but for equal intensities of light the speed 
was iri first jptproximately constant, and only 
began to slacken when tho liquid had disengaged 
half the possible quantity of gas. If the twene- 
agents arc exposed separately to strong fanlight 
and are then mixed, the decomposition goeB on 
much more rapidly than if the mixturo is ex¬ 
posed to light before soparato insolation. The 
following numbers illustrate this fact; the 
measurements, which were made aflcr^botiHuno 
iqjervals of exposure, show an acceleration of 
obout ten p.c. in the latter case 


Liquids not. insolatftl 
Liquids insol ited for) 
nine* hours . . ./ 


Gas diseng:i>'ed. 

0 24 5J Cl S3 100 107 
0 24 68 70 » 1 103 110 117 
1 Ml H>9 HO 1 11 HO 1*09 

A remarkable point* 'h^tieod in these experi¬ 
ments was that Oho addition of water increased 
the lino of action of the light. This anomalous 
effect may have been due to the # partial decom¬ 
position of the ferric salt^as well as the fact 
that tho upper layers the ferric jcliloride 
absorb much of the light k ud prevent it pene- 
Iratinglfur into tho liquid. ^ 

According to Amato (G. ^4, 67), many re¬ 
action •- which are produced by sunlight are not 
real y due to this agency. Amato considers that 
bgh+,only acts under certain determinate con¬ 
ditions of tempofJiture, arid that consequently 
there are limits of ♦cinperaturo within which 
light do/* %io} act in a chemical way. ‘He fojnd 
that ^mixture of Cl and F, if cooled to —12° 
couki be cxp< ed to tho direct rays of tho sun 
for hours with* at combination taking place. ^ In 
this exporimen? ca/o must be taken that the Cl 
is not exposed? to the sun’s rays before ogling, 
as insolation renders chlorine capable of com¬ 
bining with hydrogen even : ti the dark. 

Inflce.Xk of Pbessuhe.— Many substances 
.when sdt)jecied to the .Vflneryse of heat in a 
closed vessel sucli for instance as calcio car¬ 
bonate, ammonic cSrbamate, or paracyanogen, 
are decomposed or changed to an extent which 
is found to $e limited, for a constant tempera¬ 
ture, by the pressure of the reirjting gaseous 
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productg.* When the jjleBSttre ol. the ev«Jjred or, certain salts are decomposed when neatear 
gases has reachod a definite valiie no further 4iut one phase o{ the change takes plaoe at a 
alteration takes place. If, however, the pressure lower temperature, or more easily, than another 
is maintained below this limit, by allowing the phase. Itjwould seefn probable, therefore, that 
gases to escape, complete decomposition results, if a suitanfe inatenjj^wero introduced into a 
The consideration of the influence of gaseous cheifiical system J^might so react with certain 
pressure in ludh instances belong to dissocia- constituents of tjpi system as to upset the pre- 
tion \q. v.). There art, however, a fetv themioal vious equilibrium to a ugh an extent that what 
changes known, other.tlran those of dissQgititioni was before morely a tendeiwy to undergo change 
which qecur only uncLt considerafe'^pressures,* 'would become an dltual chsftigc, br^irming at 
and othS-s again whieg, are prevented, or at the point which before the Sttfoduction^f the 
least greatly retarded, by pressurg. * 11 catalytic-agent was the weakest point of the 

Caillotcl V. II. £8, 395) found that, lapre- system. The catalyti# agent may be regarded 
senting the amount of action between zinc and as tending to form, with one of the constituents 
IIClAq of a definMe -strength under ordinary of the system, a (fctnpound too unstabty^o exist 
• ■atmospheric pressure* by 10, tne **gtion was under the conditions, which compound immo- 
rcdu<3*^.to 47 under a pressure of t>0 almo* diately breaks up, leaving the so-cailed catalytic 
spheres, af&jindcr 120 atmospheres the amount ageijt in its original condition, free to reaot with 
ol c*Hion in t‘i-^ ^ame time was o%Jy -1. The a fresh portion of the system. • 
amount of action between HNO ; , and CaCO s Contact-action would seem to be rather an ill- 
under pressures of 1 and 150 atmospheres he chosen term for thif. class of reactions, since 
found to be as 11*09:1. all chemical Combinations'li&iply contact. It 

Beketoff (,C. R. 48, H42) reducedtolutions of is also well known that many soluble salts if 
silver nitrate and sulphate, and ammoniacal ■placed in contact with insoluble salt’s or pps. 
silver chloride, by hydrogen, under pressure—re- adhere tenaciously to these. strikingrinstance 
actions which do not take place at atmospheric of this kind of contact-action is exhibited by 
pressure. * metastannic acid. If a smnll quantity of this 

By mere mechanical pressure Spring (B. 17, powder be shaken up with a highly ferruginous 
121a) paused several of the metals, such as solution of aluminium sulphate,J.he ferric oxide 
copper ^pd lead, to combine with sulphur, and in solution is Seized upon by <?i!c insoluble meta- 
also brought about the formation of many f stannic acid, leaving a solution*of aluminium 
alloys. sulphate in which scarcely a trace of iron can be-* 

Contact-actions. —Catalysis. Cyclical Ac- detected. 
tions. —Catalysis, or contact-action, is the name From the evidence that exists relating to 
giverftb MMimerous class of chemical change^ what is strictly known as catalytk: action, if a 
that are induced in certain chemical systems by word were necessary to distinguish this kind of 
a substance which does not itself undergo any change from ordinary chemical reactions, cyclical 
permanent alteration, but which by its mere action or cyclical change would seem to be near 
presence under suitable conditions brings about the mark. 

a re-arrangement among the molecules of the The instances thn4 known among gases 
bodies with which it is placed in contact. The in which the presence of a body brings about 
material which acts in ,l his manner, without chemical action in an otherwise stable gaseous 
apparently being affectcdiitsfelf bvthe changes it mixture seem to be explained^ ^ssumiiif* that 
nduces, has been termed a*oataiytic or contact- contact action«merely causes tv condemnation of 
igent. t * the gasps upon the surface of the material that 

According to the theory of Berzelius, who brings*about their union. Faraday (T. 1834. 55) 
was the fir^C to study tlVk class of reactions, such found that if a plate of perfectly clean platinum 
bodies a$> possessed /f a peculiar property or is brought into a mixture of hjdrogen and 
power which he tended ‘ catalytic force,’ y the oxygen, combination of the gases begins to take 
power tc/ bring abojN chemical changes. Berze- placg, at first slowly, but at a gradually in- 
lius assumed thismatalytic force to be of the creasing rate, until combination oceuA with 
character of an electrical force. It seems sim- explosive violence. This combination was con- 
pier, however, to regard such actions as being sidered by Faraday to be due to the condensa- 
merely manifestations of the same propertj 1 or tion of the gases upon the metallic surface, 
power that is exhibited by all forms of matter whereby the moh£iulrs of oxygen an^ hydrogen 
undergoing chemical change, or the iqanifesta- were brought into such close contact that 
tiontho affinities of one kind ok^ia^ •'r for chemical union took place. The presence of 
another. It is reasonable to suppose tlulk in small quantities of CO or CS 2 prevents the oom- 
every chemical system there is a tendency'to bination of thb oxygen and hydrogen by acd of 
undergo change of some definite character, such a platinum surface, although tho metal is not 
for i^tance as hydrogen and«oxygen to unite, found to^lose its powei; if aftervuirds plunged 
cane sft^ar and water to form glucose, potasslo into a pure mixture of the gases. Small qiranti- 
chlorate to give olf oxygen, Ac. The conditions ties of such gases as ffr HC1, however, so 
under which the system exists may b^uch fnat alter the p>atinum-surface that the motal is now 
the affinities are in a state of stable equilibrium ( incapable of effecting the combination of H with 
among themsclvet. Every system [may be re- ‘ 0. OtTier substance^jiucl. as qharcoal, pumice, 
garded as having a weak potyt, or print of least rock cr^tal, &o., act m a similar manner to, 
resistance, at which an operation will most but less rajndly than, platinum. Platinum also 
easily take placf. For instance, in tty* reduction oringSf about the combination of S0 2 andjO to 
of certain mdy*Uic oxides, tho oxides are first form SO,, of NH, £ to form HNOi and 
reduced to lower oxides and then to the metal; H 3 0, <fco. ’• 



KpnowaM* (B. 17, 1300; 18, 2808), tfhen 
letennining the vapour density of tertiary* 
.myiacetate, found ttyit the dissooiation-pheno- 
nena echibited by .the vapory of thi| body are 
nfluenced%i a stiiking ifianner by thejaresenco 
>f many finely divide! sulfefcflces suchjpis silica, 
nagnesia, calcium sulphate,' sfc The effects 
varied with the chemical, as *w\l as with the 
physical, characters of ttie substances placed 
in contact with the vapour. To such a slight 
sxtent have mesc^cBntact a^?ions boon studied 
that it sSbms as yet%ipo&iblc to interpret them 
in the same way as those chemical actions which 
are here termed cyclical. TFaraday’s theory for 
the action of jfiatinum in bringing about the 
union of wtygen*and hydrogenmy a mer# con- 
densation of the gasos would seem to be the 
most rtjponabl# explanation in the face of the 
facts at present known. 

Examples ef catalytic actions are known 
among, liquids, which may be e :plained on the 
theory of oyclical change; <hch are the evolu¬ 
tion of oxygen from 1 Solution of aliypoclilorile 
wlfbn warnmd with cobaltous or manganic 
oxide, and tne decomposition M hydrogen per¬ 
oxide by %ianganes# dioxide, finely divided 
•platinum # or silver, or # by oxide of silver. The 
last case Is remarkable, for here oxygen is 
evolved both from the silver oxide and from the 
hydrogen peroxidfe^ to explain this, and a 
number of «ftnal^gouJ reactions, Broflio ( T. 110, 
759) assumed that atoms of the. same body may 
liCbe an attraction for each other or be in a 
state of polarisation. Brodie expressed the 

reaction of Ag.^ with H/h thus, 11,00 f Ag.O ^ 

H.O + 00 + Ar 2 . * • 

The change of cane sugar and water into 
glucose, and of ethereal salts and v.iler into 
acids and alcohol#, in the presence of acids 
which thenftelves remain -dichanged, are other 
instances of catalytic cation probably of a 
•yclical^jharacter (sec Affinity, pp. 71 H seq.). 

If potassic cltfoijge is heated alone it molts at 
ab<?ut 34 5° c. and on increasing the*tempcrature 
to about 370°C. oxygen begins to be produced. 
Many substances in a fine state of division when 
mixed with thj| salt cause an ovolntion of oxygen 
much below tne temperature at which the chlor¬ 
ine decomposes when heated alono, and without 
the salt entering into a state of fusion. T^e 
substances which facilitate this decomposition 
do not themselves appear to undergo any chemi¬ 
cal change. It is probable that the theory pro¬ 
pounded by Mercer (B. A. 1842.^32) to explain 
analogous chemical changes is the true one, viz. 
that the material which facilitates the decompo¬ 
sition has a tendency to pass into a higher state 
of oxidation, and that an unstable compound is 
ftfrnjpdf but is decomposed at the temperature of 
the experiment* On this hypothesi# the potas¬ 
sium chk>«ate is regarded as being decomposed at 
the lower temperature by the double effect of 
heat and the affinity 81? tin* contact substance— 
as Mn0 2 —for the oxygen of the chlorate* Ileated 
by itself, potassium chlorate passes through an 
intermediate stage. in fts ^decomposition with 
the fprmation of perchlorate ; this intermediate 
stage is represented acoordina|to soma,chemists 
by the equation 2KClO a =»K(j0 t + KCi + O^but 
fit aooears to be mtre coireotrj expressed by ^he 
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'equation 10KC10,=6KC1£».+ 
g. Om, 248), • If, howeler, 


chlorate, 
higher 
i% formed, 

virxcrwl HPVi 


">¥ 

4!C01+8O n (Tend, 

_,__manganese dioxide 

heated with* the ohlorate, no perohlorata is 
formed ; this fact may be explained and use^as 
an argumerSin favour of Mereer’s view, by sup¬ 
posing that KClOj when decomposed by itself 
forms KOI and 0„ anil that the imsjpnt ozone 
oxidises aasecond molecule chlorate to per- 
—‘ fhereas in the presence of MnOf’n 
It iery unstable wxide of manganese 
m arai is almost ymultaneously ieoom- 

posod. The oxides which i*ost markedly flqjjitate 
tf!e dceomposltioiaof potassium chlorate are Us a 
rule fnbse the metals of which fffrm several 
oxides. It is a well-known fact that the oxygen 
prepared from KLJ10,, either lif heating the salt^ 
alone or miv.t\vuth MuO», lttegutus iodine from 
an alkaline iodide ; this is usually considpMrfP to 
be due to a trace of free chlorine ;jj*imy, how¬ 
ever, be occasioned by a little o/.dujfthat esca^Jf 
decomposition by the MnO., or the KC10,. 

Contact chemical action, whatever be its true 
cause, plays a highly important part in several 
industrial opA’ations, as life inversion of cane 
sflgar, the conversion of starchy matters into 
glucose, the decolorised ion of sugar solutions by 
charconJ, and probably in the purification of 
waters ny filtrr^m through porous media. For¬ 
merly the great industrial processes of fermenta¬ 
tion in the formation of alcoholic liquors jncvc 
referred to this cause, but it Jfeeems now yirtair 
tl*it such changes are phenomena connected 
with organic life and not with those of unorgan¬ 
ised matter. 

(For a theoretical consideration of catalysis 
iMendclSeff, B. 19, 45G.1 •-'* * 


seejMendel. 


dor..lien of the facts that are knowi 
chen^ical change shows that in th 


A com' 
rein tin;.' to 

study of the subject not only must the kind o. 
quality, and the mass, of the reacting matter, bo 
taken into account, but attention must also be 
given to tfie intrinsic f^.ftes that come into play, 
as well as to the yotidfi of molecular or atomic 
motions. It is not it present so much the 
relative values of these forces tha^one desires to 
know, in whatever way they may bo measured, 
as the circumstance unde, ‘which the forces act, 
or are modified in their acti Si. It has been seen 
tint al’yiioniic structures are possessed of rela¬ 
tive degrees of stability, as is\iown whefi sub¬ 
mitted to the action of physical agencies, or 
when they play an active par*, in chemical sys¬ 
tems. this stability being duo to the interaction 
of the affinities hrjdiug the structure'together. 
These forces or affinities offer different degrees of 
resistance^ t ? ihe action of different agerxies, ,opd 
it wou’ys. A to be onlyby^the study of such 
influxes that a rational conception of the 
nature of chemical action will be arrived at. 

That the ultimate constituents of matter— 
the atoms or mhtacc los- are in continual mo^bn, 
the interdiffusion of gases, and of salts ia'solu- 
tion,^eems to prove; and the fact that, in a 
chemical system undergoing change, Juch ch^ngo 
i^ more cA l£*ss gradual, taking fractions of 
seconds or wl Lie years U*be accinnplished, seems 
to offer conclusive pr*of that the atomic consti¬ 
tuents are in a c»ntin;jal motion of interdiffusion. 
But whether.jor not "the charge going on in a 
chemical system is brought abo'J by simple 



m 


CHEMTOAfc 0HAN91. 

jolluiona among in* moving molecules oeumot yrpon" some particular (’ynamidlfl* propestiaft 
be asseftefi. For instate, anhydrtms alcohol anil -Much should inolude not only the conc»ti.o of 
icetioacid, when mixed in equivalent proportionfl mass but also the conceptions of time ana work; 
react upon each other at ordinary temperatures it is evident, howe^pr, that the difficulty W in 
with extreme slowness; in fact, it tAes months the kinj. of phenomena to be observed and 
to accomplish what at 100° requires only mgasuredn Mills [6] 1) has propounded, 

minutes, and yet it is highly probable that very certain ideas renting to ohemical phenomena,, 
many more dollisions occur betygen the alcohol making motioiiths basis of the soience; and ho 
a* 1 . the acid molec&les than the rate pf change considers that chemical substances should bo 
would lead us to conclude. It maf 1 In "that in valued not for wha$ they«re conceited as being, 
thdae and similar cl -ea the mOj'-"nles of th£ but for what they aie capable qf doing. Doubt, 
two constituents of tbs system must be moving less, however, the being as well as the doing, 
with a definite velocity if chemical action is to must be considered together. The masses of 
occur. BuS’ the kinetic theory of gases teaches various bodies necessity for the performance of 
that in a space of uniform temperature Borne unit of work Mijls terms the ctynamja equiva- 
molecules have Sigh and otherq low velocities, lents, ’or the ‘ bergmannics,’ of the respective- 
and that the ratip. between the ii\fia’'"ra of mole- bodies; these may vary according to the sort of 
cub 'having high and those having tow veloci- doing, or work, the several substances : .o em- 
ties vara, i.with the temperature; consequently ployed to effect; such as the poepr of various 
oil .chemical U’lhnii'e which occurr may bo but acids to invert sugar, or to decompose ethereal 
a process of selection among the molecules salts, the precipitabil^ty of salts, the coefficients- 
according to the velocities they possess, those of diffusion, Ac., &o. For pany valuable det'er- 
with velocities bolow a certain limit colliding, but minations of dynamical efforts of substances in 
not reacting chemically with, each “ther. inducing or accelerating chemical changes, see 

As chemical reactions are generally formi/1 the work of Ostwald. For a Ml account of this 
lated, the phenomena of change arc for the most work v. the article Awnhirr. (In connexion 
part at present viewed only in the light of the with this article, v. the articles: A f fin ITT ; 
distribution of certain masses’p'f matter of Allotropy; Ciifmical and* physical properties 
v^-ious kinds, and no cognisance is taken of the or bodies, connexions between ; Combination, 
changes in the energies of the systems as these chemical ; Dissociation ; E/fr/LiRRiOM, chemi- 
pass hj^m the initifj to the final states. In the cal ; Isomerism.) 
blank that is at present occupied by the sign 1 - ’ 

he all the real phenomena of tho science of Additional References. 

matter. Attempts have been made to fill up 

this blank by the investigation and measurement , Essai de Micanique chimique , Berthelot. 
of vhe hoat-disturbances that arise when , a fitudes de Dijnamique chimique ; Van ’t Hoff, 
ohemical system passes from the state repru- Etudes sur les Equilibre* cnimiques, Lemoine 
sented by one side of the equation to that repro- (a very full work on tho subject). Modemen 
sented by the other side. By virtue of the Theorien dcr Chemie, Meyer. Principles of 
inherent forces or affinities, as well as by the Chemistry , Pattison Muir. Lyhrbuch der culge- 
particular motions of the ultimate particles or meinen Chemie , Os^frld. Chemical Action, 
atoms of matter, all substances may bo looked Gladstone ( I . 1855). Chemical Equilibrium , 
upon as possessing a cetfnin definite amount of Gibbs {Trans. Connecticut _ Academy of Artso 
energy, potential as well kiqetieal, and con- and Sciences, 1875. 1878). ^fitynical Change 
sequently as capable of performing a definite determined optically , Jellett '{Trans: 1 B. Irish 
amount of worjf. Tho tendency 8f tho constitu- Acad., vol. xxv.). Speed of Inversion of Cane 
eats of a system is invariably towards a state Sugctr, Influence of Acids, Heat, dc .,\Jreoh (B. 
the attainment of whi* a involves a degradation 15, 2457; 1G, 762, 2825; 17, 49fh 1539); also 
of energy; in other >4)rds the total energy of the Ostwald (J. pr . vois. 29 and 31) and Fleury (C. B. 
system tends to fed from a higher to r lower 1875). Influence of Pressure on Combustion, 
level. ?For the gej&ral inferences that have been Frankland (T. 18G1). Speed of Substitution of 
drawn from the ^study of thermal phenomena Bromine in the E’atty Acid ^ Hell ana Utfech 
bearing on the applications of the laws of energy (B. 13, 531). Speed of Absorptimi of Oases, 
to chemical change reference must be made to Ileurter (Monit. Scientijique , 1878); also Hood 
the sectioL on thermal phenomena of the article (P> 1884). Ration of Oxides on Carbonates , 

Physical methods used in chemistry.) Mallard (A. CA.-1879) ; alBo Mills xC. J. 1879, 

It is rpuch to be desired that a clpssification 1881, and 1882). Chemical Changes in Oases 
of file elements, or, what seems possible, (Mathematical Theory), J. J. Thomson J^P^M 

ol their compound^, should be attempted ,”"i ;sed [6] xviii.). 
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